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ABSTRACT

An experiment was conducted over a period of 150 days at Can Tho, Vietnam to adapt integrated cage-cum-pond 
systems to local conditions in Vietnam, to determine appropriate stocking density of selected þsh species in cages, to 
assess growth and production of þshes in both cages and open ponds, and to assess the economic and environmental 
beneþts of this integrated system. 

Nile tilapia (Oreochromis niloticus) þngerlings (10.1 g) were stocked at 2 þsh m-2 in all ponds of 100-m2 area, while 
climbing perch (Anabas testudineus) þngerlings (9.0 g size) were stocked in a 4-m3 cage suspended in each pond. 
Stocking density of Anabas was the treatment variable and was 50, 100, 150, and 200 þsh m-3, giving caged climbing 
perch to open-pond Nile tilapia ratios of 1:1, 2:1, 3:1, and 4:1. There were also control ponds without a cage (0:1), and 
control ponds were fertilized weekly with urea and diammonium phosphate (DAP) at 28 kg N and 7 kg P ha-1 week-1. 
Pelleted feed (26ð28% crude protein) was given to caged þsh twice daily at a rate of 5ð2% body weight per day. No 
fertilizer was added into treatment ponds. 

Survival of climbing perch in cages ranged from 97.1% to 99.6%, without signiþcant difference among treatments. 
Mean weight of climbing perch at harvest was not signiþcantly different among treatments, indicating that stocking 
density of climbing perch in cages did not affect growth. Net and gross yields were signiþcantly higher in the 
treatments at higher stocking ratios. FCRs were very high in all treatments, ranging from 4.97 to 6.07. Survival and 
growth of Nile tilapia did not differ signiþcantly among treatments. Combined net and gross yields ranged from 
3.0 to 6.6 and 4.0 to 8.7 t ha-1 year-1, respectively, in the treatments. Overall FCRs ranged from 0.98 to 1.58, which, 
however, did not differ among treatments. The highly valued climbing perch has potential to be cultured in a cage-
cum-pond culture system, but it is necessary to þne-tune stocking ratios, provide high quality feed, and improve 
growth of Anabas. 

INTRODUCTION

Integrated cage-cum-pond culture is a system in which 
high-valued þsh species are fed with artiþcial diets in 
cages suspended in ponds, where þlter-feeding þsh 

species are stocked to utilize natural foods derived from 
cage wastes. This integrated system has been developed 
and practiced using combinations of catþsh-tilapia (Lin, 
1990; Lin and Diana, 1995) and tilapia-tilapia (Yi et al., 
1996; Yi, 1997; Yi and Lin, 2000, 2001). Although cages in 
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the work mentioned above were set up in monoculture 
ponds for Nile tilapia, this integrated system can also be 
applied in polyculture systems. In polyculture, ponds 
are stocked with several species of different feeding 
habits. It is impossible to target feeding in ponds to only 
high-valued species, because low-valued species also 
consume the feed, resulting in economic inefþciency 
unless a caged system is adopted. Compared to nutrient 
utilization efþciency of about 30% in most intensive 
culture systems (Beveridge and Phillips, 1993; Acosta-
Nassar et al., 1994), the nutrient utilization efþciency 
could reach more than 50% in integrated cage-cum-pond 
systems, resulting in the release of much less nutrients to 
receiving waters (Yi, 1997).

Rural pond aquaculture in Vietnam is mainly semi-
intensive carp polyculture of both Indian major and 
Chinese carps with low average production. Pond 
production systems in many countries are increasingly 
reliant on external resources (feed and/or fertilizer) to 
supplement or stimulate autochthonous food produc-
tion for þsh. Such systems often discourage poor farmers 
because of low return on investment. On the other hand, 
poor farmers have limited þnancial resources to adopt 
their whole ponds to culture a single high-valued species 
using expensive artiþcial feed. The integrated cage-cum-
pond system provides an opportunity for small-scale 
farmers to use their limited resources to include some 
high-valued species in their ponds, to generate more 
income and improve their livelihood. This can be done 
while improving nutrient utilization efþciency, selling 
high-valued species, and reducing fertilizer cost, because 
the open pond water can efþciently be supplied with 
cage wastes as fertilizer for lower-valued species. This 
integrated system is environmentally friendly because 
less waste nutrients are released to receiving waters. 

Climbing perch (Anabas testudineus) is distributed widely 
in both fresh and brackish water in many Asian coun-
tries, and it is highly esteemed for its highly nourishing 
quality and prolonged freshness out of water (Besra, 
2000). Although climbing perch has been described as 
omnivorous, it has a tendency toward carnivorousness 
(Besra, 2000). Molluscs predominate in its food through-
out the year, and other items  include algae, diatoms, 
macrophytes and detritus (Pandey, 1987). In Southern 
Vietnam, climbing perch is an indigenous species with 
high-market value, and can be cultured in cages at high 
density, due to its air-breathing ability. Climbing perch 
may be a suitable species for stocking cages in order to 
develop an integrated cage-cum-pond culture system in 
Vietnam. 

The speciþc objectives of this study were to:

1) Adapt the integrated cage-cum-pond systems 
developed by Aquaculture CRSP to local condi-
tions in Vietnam;

2) Evaluate appropriate stocking densities for 

climbing perch in cages;
3) Assess growth and production of climbing perch 

in cages and Nile tilapia (Oreochromis niloticus) 
in open ponds; and

4) Assess the economic and environmental beneþts 
of this integrated cage-cum-pond system.

METHODS AND MATERIALS

This experiment was conducted in 15 earthen ponds of 
100 m2 in surface area with average depths of 1.5 m at 
Omon district of Can Tho. Nile tilapia þngerlings (aver-
age weight 10.1 g) were stocked at 2 þsh m-2 (200 þsh 
pond-1) in open water of all ponds, while climbing perch 
þngerlings (average weight 9.0 g) were stocked in a 4-m3 
cage suspended in each pond. Stocking densities were 50, 
100, 150, and 200 þsh m-3 in cages, giving climbing perch 
to Nile tilapia ratios of 1:1, 2:1, 3:1, and 4:1 as four treat-
ments. There was also a control without cage (0:1), and 
these control ponds were fertilized weekly with urea and 
diammonium phosphate (DAP) at 28 kg N and 7 kg P ha-1 
week-1. The treatments and controls were randomly allo-
cated to ponds with three replicates each. One cage (2 x 2 
x 1.5 m, water volume 4 m3) was suspended 20 cm above 
the pond bottom in the middle of each treatment pond. 
Cages were made of metal frames covered with net, and 
were supported by four vertical bamboo poles for each 
cage. Climbing perch þngerlings were stocked on 30 No-
vember 2003, while Nile tilapia þngerlings were stocked 
one week later on 7 December 2003. Thirty caged climb-
ing perch were randomly sampled biweekly, counted and 
bulk weighed, while open-pond tilapia were not sampled. 
All þsh were harvested on 28 April 2004.  

Floating pelleted feed (26ð28% crude protein) of small, 
medium and large size was used. Caged climbing perch 
were fed twice daily at 0800 and 1600 h. Rates of 5%, 3%, 
and 2% body weight per day were used during the þrst, 
second, and remaining months, respectively. Feed ra-
tions were adjusted biweekly based on sampling weight 
and observed mortality of climbing perch. No feed was 
given to Nile tilapia, and no fertilizers were applied to 
treatment ponds. 
Water depth in ponds was maintained at 1.2 m through-
out the experimental period. Water was added weekly 
from a nearby canal to replace losses from evaporation 
and seepage. Diel measurements of water temperature, 
dissolved oxygen (DO) and pH were taken monthly 
from 20 cm below water surface, middle, and 20 cm 
above pond bottom at 0600, 0900, 1200, 1400, 2100, and 
following 0600 h using a DO meter (YSI model 58) and 
pH meter (WTW model pH96). Column water samples 
were collected biweekly at 1000 h for analyses of total 
ammonia nitrogen (TAN), nitrite nitrogen (NO2-N), 
nitrate nitrogen (NO3-N), total phosphorus (TP), soluble 
reactive phosphorus (SRP), total alkalinity, total sus-
pended solids (TSS), total volatile solids (TVS), and 
chlorophyll a (APHA et al., 1999). Before taking water 
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samples, water temperature and pH were measured.

Nitrogen and phosphorus utilization efþciency in the 
þve treatments were calculated based on nutrient input 
from pelleted feed or fertilizer and contained in þsh. TN 
and TP contents in feed and þsh samples at stocking and 
harvest were determined using the methods described 
by AOAC (2000).

A partial budget analysis was conducted to determine 
economic returns for each treatment (Shang, 1990). 
The analysis was based on market prices in Vietnam 
for harvested þsh and all other items, which were 
expressed in US$ (US$ 1 = 15,500 Dong). Market prices 
of harvested Nile tilapia and climbing perch were $0.45 
and $1.16 kg-1, respectively. Market prices of Nile tilapia 
þngerlings ($0.04 piece-1), climbing perch þngerlings 
($2.90 kg-1), small-size feed ($0.40 kg-1), medium-size feed 
($0.35 kg-1), large-size feed ($0.28 kg-1), DAP ($0.28), urea 
($0.24), cage depreciation ($4.6 cage-1 year-1), and cost of 
working capital (8% year-1) were applied for analysis. 

Data were analyzed statistically by one-way analysis of 
variance, analysis of covariance, and linear regression 
(Steele and Torrie, 1980) using SPSS (version 11.0) 
statistic software (SPSS Inc., Chicago, USA). Differences 
were considered signiþcant at an alpha of 0.05. Means 
were given with Ñ standard error (S.E.).

RESULTS

Survival of climbing perch in cages was very high, 
ranging from 97.1% to 99.6%, without signiþcant 
difference among treatments (Table 1). Climbing perch 
in all cages grew steadily but slowly (Figure 1). Mean 
weight of climbing perch at harvest, ranging from 19.5 to 
20.5 g, was not signiþcantly different among treatments, 
giving similar daily weight gains of 0.06-0.08 g þsh-1 
(Table 1). Stocking density of climbing perch did not 
affect growth. Net and gross yields of climbing perch, 
ranging from 1.2 to 5.2 and 2.4 to 9.2 kg m-3 year-1, 
were signiþcantly higher in the higher stocking ratio 
treatments (P < 0.05; Table 1). Net and gross yields of 
climbing perch were positively correlated with stocking 
density (Figure 2). FCRs were very high in all treatments 
ranging from 4.97 to 6.07, and were signiþcantly higher 
in treatments with lower ratios of caged to open-pond 
þsh (Table 1).

Survival of Nile tilapia ranged from 64.5% to 82.2% 
without signiþcant difference among treatments (Table 
2). Growth parameters of Nile tilapia, including mean 
weight at harvest and daily weight gain, did not dif-
fer signiþcantly among treatments (P > 0.05). However, 
mean weight of Nile tilapia at harvest was positively 
correlated to the ratio of caged to open-pond þsh (r2 = 
0.35, n = 12, P < 0.05; Figure 3). Net and gross yields in 
control ponds were not signiþcantly different in the 1:1 

and 2:1 stocking ratio treatments but were signiþcantly 
lower than in the 3:1 and 4:1 stocking ratio treatments (P 
< 0.05; Table 2). Net and gross yields of Nile tilapia in the 
four treatments were positively correlated with the ratio 
of caged to open-pond þsh (Figure 3). 

Combined net and gross yields of climbing perch and 
Nile tilapia ranged from 3.0 to 6.6 and 4.0 to 8.7 t ha-1 
year-1, respectively (Table 3). The combined net and 
gross yields were positively correlated to stocking ratios 
(Figure 4). Overall FCRs ranged from 0.98 to 1.58, which 
were not signiþcantly different among treatments (P > 
0.05; Table 3). 

The proximate composition of climbing perch, Nile 
tilapia and feed are presented in Table 4. Caged climbing 
perch in the 3:1 stocking ratio treatment incorporated 
16.96% of input nitrogen from feed, which was signiþ-
cantly higher than in the 1:1 stocking ratio treatment (P < 
0.05; Table 5). Nitrogen recovery in the 2:1 and 4:1 treat-
ments did not differ signiþcantly from the 1:1 and 3:1 
treatments (P > 0.05). Most input nitrogen entered ponds 
as waste in all treatments. Nitrogen recovery by Nile tila-
pia was highest in the 1:1 treatment (52.10%), intermedi-
ate in 2:1 and 3:1 treatments (37.56% and 30.51%, respec-
tively), and lowest in the 4:1 treatment (22.72%; P < 0.05; 
Table 5). The total nitrogen recovery by all þsh, ranging 
from 35.99% to 62.95%, decreased with increasing stock-
ing ratio, while nitrogen in wastes, ranging from 37.05% 
to 64.04%, increased with increasing stocking ratio (P < 
0.05; Table 5). Nitrogen input from urea in the control 
ponds was signiþcantly higher than input from feed in 
treatment ponds (P < 0.05). Nile tilapia in control ponds 
recovered only 4.25% of input nitrogen, which was sig-
niþcantly lower than in all treatments (P < 0.05).

Caged climbing perch incorporated 24.45% to 28.34% of 
input phosphorus from feed, which decreased signiþ-
cantly with increasing stocking ratio of caged to open-
pond þsh (P < 0.05; Table 5). Phosphorus recovery by 
Nile tilapia, ranging from 4.62% to 1.34%, was highest 
in the 1:1 treatment, intermediate in the 2:1 treatment, 
and lowest in the 3:1 and 4:1 treatments (P < 0.05). Total 
phosphorus recovery by all þsh, ranging from 25.80% 
to 32.96%, was higher in the lower stocking ratio (P < 
0.05), while phosphorus in waste, ranging from 67.04% 
to 74.30% was higher in the higher stocking ratios (P < 
0.05; Table 5). Phosphorus input from TSP in the controls 
was signiþcantly higher than inputs from feed in any 
treatment (P < 0.05). Nile tilapia in the control ponds 
recovered only 0.24% of input phosphorus, which was 
signiþcantly lower than in all other treatments (P < 0.05).

Average water temperature measured at 1000 h was 
30.3ð30.9 ÁC (Table 6). Final TVS values were lowest in the 
2:1 treatment, intermediate in the control, 1:1 and 4:1 treat-
ment, and highest in the 3:1 treatment (P < 0.05). Overall 
mean SRP concentrations were signiþcantly higher in the 
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control than in all other treatments (P < 0.05), while overall 
mean TSS concentrations were lowest in the 1:1 treatment, 
intermediate in the control, 3:1 and 4:1 treatments, and 
highest in the 2:1 treatment (P < 0.05). Final and overall 
mean values of other parameters were not signiþcantly 
different among all treatments (Table 4). The values of 
pH in the control ponds increased gradually to a peak 
in about two months, then decreased towards the end of 
experiment, while pH values in other treatments ÿuctu-
ated largely throughout the experiment (Figure 5). Total al-
kalinity increased from stocking to day 80, then ÿuctuated 
during the rest of the experiment (Figure 5). TAN con-
centration remained low during most of the experiment, 
while NO2-N concentrations remained low during the þrst 
half of the experiment, then increased toward the end (Fig-
ure 6). Concentrations of NO3-N, SRP and TP ÿuctuated at 
high levels throughout the experiment (Figures 6 and 7). 
TVS and TSS mainly varied within a narrow range in the 
experiment, while chlorophyll a concentration ÿuctuated 
throughout the experiment (Figure 8). 

Partial budget analyses showed that both gross revenue 
and total cost increased with increasing stocking ratio of 
climbing perch to Nile tilapia (P < 0.05; Table 7). In the 
control and the 1:1 treatment, cost of tilapia þngerlings 
represented the highest portion of total cost, while cost 
of climbing perch þngerlings was highest in the other 
three treatments (Table 7). In the 1:1 treatment, feed cost 
was only higher than working capital cost, while feed 
cost in the 4:1 treatment was the second highest cost af-
ter cost for climbing perch. All treatments gave negative 
net returns, which increased with the increased stocking 
ratios of climbing perch to Nile tilapia (Table 7). 

DISCUSSION

This experiment on integrated culture of climbing perch 
and Nile tilapia produced tilapia yields slightly less 
than average for semi-intensive culture, and very low 
yield of climbing perch. All treatments had negative net 
revenues. Survival of the climbing perch was 97.1%ð
99.6%, which was higher than the 54%ð92% reported for 
air-breathing hybrid catþsh (Clarias macrocepharus x C. 
gariepinus) by Lin et al. (1989) and Lin (1990). Climbing 
perch is an indigenous and high-valued þsh species in 
many Asian countries, and is becoming more popular in 
Vietnam, due largely to availability of artiþcially pro-
duced seed. Such seed is not available in many Asian 
countries such as Bangladesh and Thailand. The growth 
of climbing perch was very poor in this experiment, and 
poor growth is also common for pond culture in Viet-
nam. Information on nutritional requirements of climb-
ing perch is not available, and complete diets are also 
not available. The crude protein content (26ð28%) in the 
pelleted feeds used in the present experiment might be 
lower than required for a carnivore like climbing perch 
(Pandey, 1987). Poor quality of feed might be the reason 
for high FCR in the present experiment. 

The growth of open-pond Nile tilapia in the control and 
treatments was relatively slow, with daily weight gain 
ranging from 0.61ð0.86 g. Control ponds were fertilized 
at the optimal rates (28 kg N and 7 kg P ha-1 week-1) 
recommended for semi-intensive pond culture of Nile 
tilapia in the tropics (Knud-Hansen et al., 1991). Howev-
er, the net and gross yields from the control ponds were 
lower than those in chemically fertilized ponds at the 
same rates (Knud-Hansen et al., 1991; Diana et al., 1991) 
and in ponds fertilized with chicken manure (Diana et 
al., 1988). All measured water quality parameters in this 
experiment were within normal ranges for pond culture 
of Nile tilapia. A poor response of the control ponds to 
fertilization, evidenced by very low levels of chlorophyll 
a but high levels of total suspended solids, is probably 
the main reason for poor growth of Nile tilapia.
 
Nutrients released from cage wastes in this experiment 
fertilized ponds at rates of 0.12ð0.8 kg N and 0.08ð0.14 
kg P ha-1 week-1. These rates are similar to the 0.62ð1.09 
kg N and 0.12ð0.22 kg P ha-1 day-1 in a tilapia-tilapia 
cage-cum-pond system (Yi, et al., 1996), but lower than 
those (1.75 kg N and 0.37 kg P ha-1 day-1) in another 
tilapia-tilapia system and in a hybrid catþsh-tilapia 
system (3.71ð8.06 kg N and 1.01ð2.20 kg P ha-1 day-1; Lin, 
1990; Lin and Diana, 1995). Compared to other cage-
cum-pond culture systems, tilapia yields achieved in 
this experiment were reasonable for the nutrient load-
ing from cages. Compared to growth of tilapia in the 
control ponds with higher N and P inputs, tilapia yields 
were higher in the treatment ponds with lower N and P 
inputs, probably because of the large amount of uneaten 
feed entering the ponds. 

In the present experiment, all treatments gave negative 
net returns, due mainly to the high prices of þngerlings 
of both climbing perch and Nile tilapia. In Vietnam, 
farmers usually stock small Nile tilapia and climbing 
perch in growout ponds instead of advanced nursing 
ponds. Thus, farmers are not willing to sell large 
þngerlings unless buyers pay much higher prices. When 
farmers use a cage-cum-pond culture system, the cost 
of þngerlings should be much lower, since we had to 
buy large fry at high prices for this experiment.  It may 
be possible to get good net returns, especially when the 
culture period is extended to get good market size of 
both Nile tilapia (200ð300 g) and climbing perch (30ð40 
g), and when culturists rear their own fry to þngerlings. 

This study has demonstrated that the high market-value 
climbing perch may provide potential for this cage-cum-
pond culture system, but it is necessary to þne-tune 
stocking ratios and provide for better growth of climbing 
perch and tilapia. 

ANTICIPATED BENEFITS
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This technology can eventually provide small-scale rural 
farmers an opportunity to generate more income and 
improve their livelihood using their scarce resources; 
and will beneþt small-scale rural farmers in Asian 
and other countries, where the integrated systems are 
practiced.
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Parameter Stocking Ratio of Climbing Perch to Nile Tilapia
1:1 2:1 3:1 4:1

STOCKING

   Mean Weight (g þsh-1) 10.3Ñ0.3a 9.1Ñ0.5b 8.2Ñ0.1b 8.2Ñ0.2b

   Total Weight (kg cage-1) 2.1Ñ0.1a 3.6Ñ0.2b 4.9Ñ0.0c 6.6Ñ0.2d

   Stocking Density (þsh m-3) 50 100 150 200

HARVEST

   Total Weight (kg cage-1) 4.0Ñ0.1a 7.9Ñ0.3b 12.3Ñ1.0d 15.2Ñ0.7d

   Mean Weight (g þsh-1) 20.0Ñ0.6 19.8Ñ0.8 20.5Ñ1.7 19.5Ñ1.0
   Mean Weight Gain (g þsh-1) 9.6Ñ0.3 10.8Ñ0.4 12.4Ñ1.7 11.3Ñ0.9
   Daily Weight Gain (g þsh-1 day-1) 0.06Ñ0.00 0.07Ñ0.00 0.08Ñ0.01 0.08Ñ0.01
   Total Weight Gain (kg) 1.9Ñ0.1a 4.3Ñ0.2c 7.4Ñ1.1c 8.6Ñ0.6c

   Gross þsh yield (kg m-3 year-1) 2.4Ñ0.1a 4.8Ñ0.2b 7.5Ñ0.6c 9.2Ñ0.4d

   Net Fish Yield (kg m-3 year-1) 1.2Ñ0.0a 2.6Ñ0.1b 4.5Ñ0.6c 5.2Ñ0.3c

   FCR 6.07Ñ0.11a 5.21Ñ0.14ab 4.43Ñ0.54b 4.97Ñ0.19b

   Survival Rate (%) 99.3Ñ0.2 99.5Ñ0.4 99.6Ñ0.3 97.1Ñ1.0
     

Values with different superscript letters in the same row were signiþcantly different (P < 0.05).

Parameter Stocking Ratio of Climbing Perch to Nile Tilapia
0:1 1:1 2:1 3:1 4:1

STOCKING

   Mean Weight (g þsh-1) 10.5Ñ0.4 9.8Ñ0.3 10.2Ñ0.3 9.8Ñ0.4 10.5Ñ0.5
   Total Weight (kg pond-1) 2.1Ñ0.1 2.0Ñ0.1 2.0Ñ0.1 2.0Ñ0.1 2.1Ñ0.1

HARVEST

   Mean Weight (g þsh-1) 104.3Ñ13.1 96.4Ñ2.2 120.3Ñ11.0 123.0Ñ10.3 134.1Ñ18.4
   Total Weight (kg pond-1) 13.6Ñ1.3a 12.4Ñ0.5a 16.8Ñ2.4ab 20.2Ñ1.7b 20.7Ñ1.7b

   Mean Weight Gain (g þsh-1) 93.9Ñ13.5 86.6Ñ2.1 110.2Ñ11.2 113.1Ñ10.5 123.6Ñ18.2
   Daily Weight Gain (g þsh-1 day-1) 0.66Ñ0.09 0.61Ñ0.02 0.77Ñ0.08 0.79Ñ0.07 0.86Ñ0.13
   Gross Fish Yield (t ha-1 year-1) 3.3Ñ0.3a 3.0Ñ0.1a 4.1Ñ0.6ab 4.9Ñ0.4b 5.0Ñ0.4b

   Net Fish Yield (t ha-1 year-1) 2.8Ñ0.3a 2.6Ñ0.1a 3.6Ñ0.6ab 4.4Ñ0.4b 4.5Ñ0.4b

   Survival Rate (%) 66.8Ñ10.0 64.5Ñ2.8 71.7Ñ14.5 82.2Ñ0.4 78.3Ñ4.7
      

Values with different superscript letters in the same row were signiþcantly different (P < 0.05).

Table 1. Growth performance of climbing perch for each treatment. 

Table 2. Growth performance of Nile tilapia for each treatment. 
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Parameter At Stocking At Harvest
0:1 1:1 2:1 3:1 4:1  0:1 1:1 2:1 3:1 4:1

Climbing Perch
   Moisture - 66.89 66.89 66.89 66.89 - 61.77 58.42 60.48 61.25
   TN - 6.65 6.65 6.65 6.65 - 6.64 6.73 7.08 6.70
   TP - 3.09 3.09 3.09 3.09 - 1.61 1.51 1.53 1.53

Tilapia
   Moisture 74.19 74.19 74.19 74.19 74.19 72.07 70.00 73.07 72.93 72.62
   TN 8.15 8.15 8.15 8.15 8.15 8.02 8.24 8.94 8.46 8.34
   TP 0.68 0.68 0.68 0.68 0.68 1.05 0.89 0.86 0.88 1.41

Small-size Feed
   Moisture - 6.64 6.64 6.64 6.64 - - - - -
   TN - 5.00 5.00 5.00 5.00 - - - - -
   TP - 0.68 0.68 0.68 0.68 - - - - -

Medium-size Feed
   Moisture - 5.22 5.22 5.22 5.22 - - - - -
   TN - 4.34 4.34 4.34 4.34 - - - - -
   TP - 0.58 0.58 0.58 0.58 - - - - -

Large-size Feed
   Moisture - 4.41 4.41 4.41 4.41 - - - - -
   TN - 4.22 4.22 4.22 4.22 - - - - -
   TP - 0.65 0.65 0.65 0.65 - - - - -
            

Parameter Stocking Ratio of Climbing Perch to Nile Tilapia
1:1 2:1 3:1 4:1

Initial Fish Biomass (kg pond-1) 4.0Ñ0.1b 5.7Ñ0.1c 6.9Ñ0.1d 8.7Ñ0.2e

Final Fish Biomass (kg pond-1) 16.4Ñ0.6a 24.7Ñ2.1b 32.5Ñ2.7c 35.8Ñ2.3c

Fish Biomass Gain (kg pond-1) 12.4Ñ0.5a 19.1Ñ2.2b 25.6Ñ2.8c 27.2Ñ2.2c

Gross Fish Yield (t ha-1 year-1) 4.0Ñ0.2a 6.0Ñ0.5b 7.9Ñ0.7c 8.7Ñ0.6c

Net Fish Yield (t ha-1 year-1) 3.0Ñ0.1a 4.6Ñ0.5b 6.2Ñ0.7c 6.6Ñ0.5c

Overall FCR 0.93Ñ0.02 1.22Ñ0.22 1.26Ñ0.11 1.58Ñ0.08
     

Values with different superscript letters in the same row were signiþcantly different (P < 0.05). 

Table 3. Combined production of climbing perch and Nile tilapia for each treatment. 

Table 4. Moisture, TN and TP composition (%, dry matter basis of climbing perch, Nile tilapia, 
feed, and sediment in each treatment.  
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Parameter Stocking Ratio of Climbing Perch to Nile Tilapia
0:1 1:1 2:1 3:1 4:1

NITROGEN

Total Input (g pond-1) 6,160.9Ñ0.0e 511.0Ñ21.2a 980.3Ñ51.8b 1,386.0Ñ10c 1,870.9Ñ54d

      Recovered by Climbing Perch
(g) - 55.2Ñ9.0a 140.3Ñ5.4b 235.5Ñ29.7c 248.3Ñ10.2c

(%) - 10.85Ñ1.91a 14.34Ñ0.33ab 16.96Ñ2.01b 13.27Ñ0.40ab

     Recovered by Nile Tilapia
(g) 261.9Ñ45.7a 269.4Ñ51.2ab 360.8Ñ54.3ab 423.7Ñ61.3b 426.0Ñ32.2b

(%) 4.25Ñ0.74a 52.10Ñ7.56c 37.56Ñ7.14bc 30.51Ñ4.20b 22.72Ñ1.18b

      Total Recovered by Fish
(g) 261.9Ñ45.7a 324.6Ñ51.1ab 501.2Ñ50.1bc 659.2Ñ90.4c 674.3Ñ36.6c

(%) 4.25Ñ0.74a 62.95Ñ7.12c 51.90Ñ7.41bc 47.47Ñ6.16bc 35.99Ñ0.94b

Total Wasted
(g) 5,899.0Ñ45a 186.3Ñ30.2e 479.1Ñ101d 726.8Ñ80.3c 1,196.6Ñ20b

(%) 95.75Ñ0.74a 37.05Ñ7.12c 48.10Ñ7.41bc 52.53Ñ6.16bc 64.01Ñ0.94b

PHOSPHOROUS

Total Input (g pond-1) 1,541.8Ñ0.0e 74.7Ñ3.1a 143.7Ñ7.5b 204.1Ñ1.7c 275.1Ñ8.0d

     Recovered by Climbing Perch
(g) - 21.2Ñ0.7a 37.2Ñ1.9b 50.2Ñ0.3c 67.3Ñ1.7d

(%) - 28.34Ñ0.29a 25.90Ñ0.32b 24.59Ñ0.35c 24.45Ñ0.42c

     Recovered by Nile Tilapia
(g) 3.7Ñ0.2 3.5Ñ0.1 3.6Ñ0.1 3.5Ñ0.1 3.7Ñ0.2
(%) 0.24Ñ0.01a 4.62Ñ0.13d 2.50Ñ0.19c 1.69Ñ0.08b 1.34Ñ0.08b

      Total Recovered by Fish
(g) 3.7Ñ0.2a 24.6Ñ0.8b 40.8Ñ1.8c 53.6Ñ0.4d 70.9Ñ1.8e

(%) 0.24Ñ0.01a 32.96Ñ0.36d 28.40Ñ0.45c 26.28Ñ0.42b 25.80Ñ0.50b

Total Wasted
(g) 1,538.1Ñ0.2a 50.1Ñ2.4e 102.9Ñ5.8d 150.5Ñ2.1c 204.2Ñ6.8b

(%) 99.76Ñ0.01a 67.04Ñ0.36d 71.60Ñ0.45c 73.72Ñ0.42b 74.20Ñ0.50b

Table 5. Nutrient utilization efþciency in each treatment.
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Parameter Stocking Ratio of Climbing Perch to Nile Tilapia
0:1 1:1 2:1 3:1 4:1

FINAL VALUES

Temperature (ÁC) 30.3Ñ0.4 30.5Ñ0.4 30.4Ñ0.4 30.9Ñ0.1 30.6Ñ0.4

pH 7.29Ñ0.13 7.18Ñ0.04 7.22Ñ0.04 7.27Ñ0.02 7.19Ñ0.04

Total Alkalinity (mg L-1) 95Ñ8 87Ñ9 97Ñ12 93Ñ4 97Ñ12

TAN (mg L-1) 0.49Ñ0.05 0.57Ñ0.14 0.44Ñ0.02 0.46Ñ0.06 0.45Ñ0.05

NO2-N (mg L-1) 0.01Ñ0.00 0.09Ñ0.07 0.17Ñ0.16 0.30Ñ0.19 0.01Ñ0.00

NO3-N (mg L-1) 1.06Ñ0.16 0.62Ñ0.44 0.88Ñ0.34 0.91Ñ0.39 1.05Ñ0.22

SRP (mg L-1) 0.02Ñ0.00 0.02Ñ0.00 0.02Ñ0.01 0.01Ñ0.00 0.00Ñ0.00

TP (mg L-1) 0.78Ñ0.54 0.21Ñ0.03 0.33Ñ0.15 0.81Ñ0.63 0.94Ñ0.42

TVS (mg L-1) 22Ñ2ab 21Ñ1ab 15Ñ5a 28Ñ6b 19Ñ2ab

TSS (mg L-1) 80Ñ13 92Ñ5 94Ñ6 110Ñ15 97Ñ17

Chlorophyll a (mg m-3) 15Ñ2 10Ñ2 14Ñ7 10Ñ3 12Ñ1

OVERALL MEAN VALUES

Temperature (C) 28.9Ñ0.3 28.7Ñ0.3 28.8Ñ0.3 28.9Ñ0.4 28.9Ñ0.3

pH 7.26Ñ0.09 7.21Ñ0.05 7.17Ñ0.05 7.18Ñ0.05 7.33Ñ0.06

Total Alkalinity (mg L-1) 94Ñ6 108Ñ6 104Ñ5 109Ñ6 105Ñ6

TAN (mg L-1) 0.26Ñ0.05 0.30Ñ0.07 0.25Ñ0.04 0.29Ñ0.06 0.37Ñ0.15

NO2-N (mg L-1) 0.08Ñ0.03 0.13Ñ0.03 0.13Ñ0.04 0.11Ñ0.03 0.14Ñ0.05

NO3-N (mg L-1) 1.20Ñ0.27 1.10Ñ0.23 1.24Ñ0.29 1.26Ñ0.33 1.26Ñ0.24

SRP (mg L-1) 0.14Ñ0.09a 0.08Ñ0.06b 0.07Ñ0.03b 0.08Ñ0.04b 0.06Ñ0.03b

TP (mg L-1) 0.46Ñ0.19 0.42Ñ0.26 0.37Ñ0.21 0.41Ñ0.21 0.40Ñ0.14

TVS (mg L-1) 36Ñ6 26Ñ2 35Ñ4 31Ñ4 30Ñ4

TSS (mg L-1) 107Ñ8ab 88Ñ7a 116Ñ8b 100Ñ8ab 94Ñ5ab

Chlorophyll a (mg m-3) 26Ñ7 20Ñ4 17Ñ3 17Ñ3 27Ñ6

Values with different superscript letters in the same row were signiþcantly different at (P < 0.05).

Table 6. Final and overall mean values for water quality parameters in each treatment.
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Parameter (US$ pond-1) Stocking Ratio of Climbing Perch to Nile Tilapia
0 : 1 1 : 1 2 : 1 3 : 1 4 : 1

GROSS REVENUE

    Climbing Perch - 4.6Ñ0.1a 9.0Ñ0.4b 14.1Ñ1.2c 17.4Ñ0.8d

    Tilapia 6.0Ñ0.6a 5.5Ñ0.2a 7.5Ñ1.1ab 9.0Ñ0.7b 9.2Ñ0.8b

    Total 6.0Ñ0.6a 10.1Ñ0.4b 16.6Ñ0.7c 23.1Ñ1.9d 26.6Ñ1.5d

COST

   Climbing Perch Fingerling - 5.9Ñ0.2a 10.4Ñ0.5b 14.0Ñ0.09c 18.8Ñ0.5d

   Tilapia Fingerling 7.6Ñ0.0 7.6Ñ0.0 7.6Ñ0.0 7.6Ñ0.0 7.6Ñ0.0
   Feed Cost 3.9Ñ0.2a 7.4Ñ0.4b 10.4Ñ0.06c 14.1Ñ0.4d

   Fertilizer Cost 3.8Ñ0.0 - - - -
   Cage Construction - 4.6Ñ0.0 4.6Ñ0.0 4.6Ñ0.0 4.6Ñ0.0
   Cost oOf Working Capital 0.4Ñ0.0a 0.7Ñ0.0b 1.0Ñ0.0c 1.2Ñ0.0d 1.5Ñ0.03e

   Total Cost 11.8Ñ0.0a 22.8Ñ0.4b 31.0Ñ0.9c 37.9Ñ0.03d 46.6Ñ0.8e

NET RETURN  -5.8Ñ0.6a  -12.7Ñ0.2b  -14.4Ñ1.7b  -14.8Ñ1.9b -20.0Ñ0.7c

Added Cost - 10.9 19.2 26.1 34.8
Added Return - -6.9 -8.7 -9.1 -14.3
Added Return/Added Cost Ratio - -0.6 -0.5 -0.4 -0.4
      

Values with different superscript letters in the same row were signiþcantly different (P < 0.05).

Figure 1. Growth of climbing perch stocked in cages for each treatment over the experiment.

Table 7. Partial budget analysis for each treatment.
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Figure 2. Relationship between net and gross yield and stocking density of climbing perch.
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Figure 3. Relationship between mean weight, net, and gross yields of Nile tilapia to ratio of caged 
climbing perch to Nile tilapia.

0 1 2 3 4 5

Figure 3. Relationship between mean weight, net, and gross yields of Nile tilapia
to ratio of caged climbing perch to Nile Tilapia.
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Figure 4. Relationship between combined net and gross yields and ratio of climbing perch to Nile 
tilapia.Figure 4. Relationship between combined net gross yields and ratio of
climbing perch to Nile tilapia.
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Figure 5. Changes in pH and total alkalinity at 1000 h for each treatment over the experiment.Figure 5. Changes in pH and total alkalinity at 1000 h for each treatment
over the experiment.
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Figure 6. Changes in total ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and total nitrogen 
at 1000 h for each treatment over the experiment.Figure 6. Changes in total ammonia nitrogen, nitrate nitrogen, nitrite nitrogen, and
total nitrogen at 1000 h for each treatment over the experiment.



TWENTY-SECOND ANNUAL TECHNICAL REPORT130 PRODUCTION SYSTEM DESIGN AND INTEGRATION RESEARCH 131

Figure 7. Changes in total phosphorous and soluble reactive phosphorus at 1000 h for each treatment 
over the experiment.

Figure 7. Changes in total phophorous and soluble reactive phosphorus at 1000 h
for each treatment over the experiment.




