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Abstract 
 

An experiment was conducted in eighteen 200-m2 fertilized earthen ponds at the 
Asian Institute of Technology, Thailand, during March-October 2000.  This experiment was 
designed to assess the efficiency of snakehead (Channa striata) in controlling recruitment of 
mixed-sex Nile tilapia (Oreochromis niloticus) in ponds and to assess growth and production 
characteristics of Nile tilapia in monoculture and polyculture with snakehead.  There were six 
treatments: (A) monoculture of sex-reversed all-male tilapia; (B) monoculture of mixed-sex 
tilapia; (C) polyculture of snakehead and mixed-sex tilapia at 1:80 ratio; (D) polyculture of 
snakehead and mixed-sex tilapia at 1:40 ratio; (E) polyculture of snakehead and mixed-sex 
tilapia 1:20 ratio; (F) polyculture of snakehead and mixed-sex tilapia at 1:10 ratio.  Both 
generic types of Nile tilapia were stocked at 2 fish m-2 at sizes of 10.5-11.6 g and 7.2-8.1 g, 
respectively. 
 

Results show that snakehead were able to completely control Nile tilapia recruitment 
at all tested predator:stocked-prey ratios and the best predator:stocked-prey ratio was 1:80.  
The addition of snakehead into Nile tilapia ponds did not result in significantly greater tilapia 
growth, but significantly lowered total net and gross yields of adult plus recruited tilapia.  
Snakehead growth was density-dependent, decreasing significantly with increasing stocking 
densities.  While snakehead biomass gain was not significantly different at stocking density 
from 0.025 to 0.1 fish m-2, the gain was significantly lower at stocking density of 0.2 fish m-2.
The present experiment demonstrates that snakehead were able to control Nile tilapia 
recruitment completely and provide an alternative technique for Nile tilapia culture. 
 



Introduction 
 

The aquaculture of species at lower trophic levels, such as tilapia, presents the 
greatest potential for efficiency (Welcomme 1996).  However, overpopulation of tilapia in 
confined ponds causes stunted growth due to shortage of natural food, particularly in semi-
intensive culture.  Various methods of population control have been applied (Mair and Little 
1991), such as culture in cages, culture with predators, intermittent harvesting, hybridization, 
induction of sterility, and production of super-male fish (YY-male).  However, population 
control of tilapias by culture with predators has been practiced worldwide but not well 
studied.  Various predatory fish species have been used with varying success in combination 
with different tilapia species depending on their availability.  These species include 
snakehead (Channa striata or Ophiocephalus striatus) (Pongsuwana 1956, Chimits 1957, 
Tongsanga 1962, Chen 1976, Cruz and Shehadeh 1980, Hopkins et al. 1982, Wee 1982, 
Balasuriya 1988); Ophiocephalus obscuris (de Graaf et al. 1996); Micropterus salmoides 
(Swingle 1960, Meschkat 1967, McGinty 1985); Lates niloticus (Meschkat 1967, Planquette 
1974, Lazard 1980, Bedawi 1985, El Gamal 1992); Hemichromis fasciatus (Bardach et al.
1972, Lazard 1980); Cichla ocellaris (Lovshin 1977, McGinty 1983, Verani et al. 1983); 
Clarias sp. (Meecham 1975, Bard et al. 1976, Lazard 1980, Janssen 1985, de Graaf et al.
1996); Cichlasoma managuense (Dunseth and Bayne 1978); Elops hawaiiensis (Fortes 1980); 
and Megalops cyprinoides (Fortes 1980).  However, the difficulty in breeding or obtaining 
predators of the correct size often resulted in limited application of this population control 
method (Balarin and Hatton 1979, Penman and McAndrew 2000). 
 

Snakehead have long been regarded as valuable food fish and widely cultured in the 
Far East (Wee 1982).  It was reported to be used in polyculture with tilapia to control tilapia 
population, or with carps to keep out other extraneous pest fish in the pond system (Wee 
1982).  Snakehead are highly predaceous as they swallow their prey whole (Diana et al.
1985), and have been shown to effectively prey on live tilapia fry (Kaewpaitoon 1992).  A 
population including 5% (predator:stocked-prey ratio of 1:20) snakehead with tilapia has 
been demonstrated to control tilapia recruitment (Balasuriya 1988).  Negligible tilapia 
recruitment was generally found during harvest where snakehead existed in tilapia ponds. 
 

The purposes of the experiment were to assess the efficiency of snakehead in 
controlling overpopulation of mixed-sex Nile tilapia (Oreochromis niloticus) in ponds, and to 
assess the growth and production of Nile tilapia in monoculture and polyculture with 
snakehead. 
 

Materials and methods 
 

The experiment was conducted using a randomized complete block design in eighteen 
200-m2 earthen ponds at the Asian Institute of Technology (AIT), Thailand.  There were six 
treatments with triplicates, one in each block: (A) monoculture of sex-reversed all-male 
tilapia; (B) monoculture of mixed-sex tilapia; (C) polyculture of snakehead and mixed-sex 
tilapia at 1:80 ratio; (D) polyculture of snakehead and mixed-sex tilapia at 1:40 ratio; (E) 



polyculture of snakehead and mixed-sex tilapia 1:20 ratio; (F) polyculture of snakehead and 
mixed-sex tilapia at 1:10 ratio. 
 

The Chitralada strain (Thai strain) of Nile tilapia was used in the present experiment.  
Nile tilapia fry were obtained from AIT Hatchery, while snakehead fingerlings were 
purchased from a local market.  Sex-reversed Nile tilapia (10.5-11.6 g) and mixed-sex Nile 
tilapia (7.2-8.1 g) were stocked at 2 fish m-2 in treatment A and treatments B through F, 
respectively, while snakehead (88.0-100.0 g) were stocked at 0.025, 0.05, 0.1 and 0.2 fish m-2 

in treatments C, D, E, and F, respectively, on 30 March 2000.  During the experiment, 
approximately 10% of the initial Nile tilapia stock was seined, counted and weighed en-
masse biweekly for each pond.  All fish were harvested on 10 October 2000 after 194 days of 
culture.  Daily weight gain (g fish-1d-1), yield (kg pond-1) and extrapolated yield  (kg ha-1 
year-1) were calculated. 
 

All ponds were dried for one month prior to the experiment to eliminate wild fish. 
Each pond dike was enclosed with a fine mesh net fence about 1 m tall, supported by bamboo 
sticks, with the lower end of the net buried in the dike soil to prevent entry of wild fish and 
movement of stocked snakehead from one pond to another.  All ponds were fertilized with 
urea and triple super phosphate (TSP) at a rate of 28 kg nitrogen (N) and 7 kg phosphorus (P) 
ha-1 week-1. Initial pond fertilization took place two weeks prior to fish stocking.  Water 
depth in all ponds was maintained at 1 m throughout the experiment by adding water weekly 
to replace evaporation and seepage losses. 
 

Integrated water samples were taken biweekly from the entire water column near the 
center of each pond at about 1000 h for analyses of pH, alkalinity, total ammonium nitrogen 
(TAN), nitrite nitrogen, nitrate nitrogen, total Kjeldahl nitrogen (TKN), soluble reactive 
phosphorus (SRP), total phosphorus (TP), chlorophyll a, total suspended solids (TSS) and 
total volatile solids (TVS) (APHA et al. 1985; Egna et al. 1987).  Secchi disk visibility, 
temperature and dissolved oxygen (DO) were also measured at the time of collecting water 
samples with a Secchi disk and YSI model 54 oxygen meter (Yellow Springs Instruments, 
Yellow Springs, Ohio, USA), respectively.  Diel measurements for temperature, DO and pH 
were conducted monthly in each pond at 0600, 1000, 1400, 1600, 1800, and 0600 h. 
 

Data were analyzed statistically by analysis of variance and linear regression (Steele and 
Torrie, 1980) using SPSS (version 7.0) statistical software package (SPSS Inc., Chicago, USA).  
Differences were considered significant at an alpha level of 0.05.  Statistical analyses for 
survival rates (%) were performed on the transformed data by arcsine transformation.  Mean 
values of survival rates were given in the back-transformed scale followed by their confidence 
limits.  All other means were given with ±1 standard error (S.E.). 
 

A partial budget analysis was conducted to determine economic returns of the 
different monoculture and polyculture systems tested (Shang 1990).  The analysis was based 
on farm-gate prices in Thailand for harvested fish and current local market prices for all other 
items expressed in US dollar (US$1 = 40 baht).  Farm-gate price of snakehead and Nile 
tilapia varied with size: snakehead at $0.25 kg-1 for size 100-200 g, $0.50 kg-1 for size 200-
300 g, $0.75 kg-1 for size 300-400 g, and $1.00 kg-1 for size above 400 g, and Nile tilapia at 



$0.125 kg-1 for size below 50 g, and $0.375 kg-1 for size 100-200 g. Market prices for 
fingerlings of snakehead ($0.15 kg-1), sex-reversed Nile tilapia ($0.0125 piece-1) and mixed-
sex Nile tilapia ($0.0042 pieces-1), urea ($0.1875 kg-1) and TSP ($0.3125 kg-1) were applied 
to the analysis.  The calculation for cost of working capital was based on an annual interest 
rate of 8%. 
 

Results 
 

Growth performance parameters of adult Nile tilapia were not significantly different 
among all treatments (P > 0.05, Table 1).  Tilapia offspring were only found in monoculture 
of mixed-sex tilapia.  Both sex-reversal and predator techniques were able to control the 
recruitment of Nile tilapia completely.  However, neither sex reversal nor polyculture 
resulted in significantly faster growth of adult tilapia compared with monoculture of mixed-
sex tilapia (P > 0.05).  Furthermore, both techniques resulted in significantly lower total net 
and gross yields of adult plus recruited tilapia (P < 0.05, Table 1). 
 

Survival of snakehead was not significantly different among polyculture treatments (P 
> 0.05, Table 2).  Snakehead growth (mean weight at harvest and daily weight gain) was 
density-dependent, decreasing significantly with increased stocking densities (P < 0.05, 
Table 2 and Fig.1).  Mean weight at harvest and daily weight gain of snakehead were 
inversely related to stocking density of snakehead or predator:stocked-prey ratio (r = - 0.904, 
P < 0.05 for mean weight, and r = - 0.985, P<0.05 for daily weight gain).  Snakehead 
biomass gain (total weight gain and net yield) was not significantly different (P > 0.05) 
within stocking densities of 0.025 to 0.1 fish m-2 (treatments C, D and E).  At a stocking 
density of 0.2 fish m-2 (treatment F), snakehead biomass gain was significantly lower than in 
other densities (P < 0.05, Table 2 and Fig. 2).  The significantly reduced individual growth 
and biomass gain at the stocking density of 0.2 fish m-2 indicated that carrying capacity of 
snakehead was exceeded. 
 

The additional net yield from snakehead did not cause significantly higher combined 
net yield of adult tilapia and snakehead (P > 0.05), but resulted in significantly higher 
combined gross yield of adult tilapia and snakehead (P < 0.05, Table 3).  When recruited 
tilapia were included, the combined net yield in the monoculture of mixed-sex tilapia 
(treatment B) was significantly higher than that in all other treatments (P < 0.05), while the 
combined gross yield in the monoculture of mixed-sex tilapia was similar to those in the 
polyculture with higher predator:stocked-prey ratios (treatments E and F, P > 0.05, Table 3).  
The results indicate that the predator:stocked-prey ratio of 1:80 (treatment C) is enough to 
completely control Nile tilapia recruitment. 



Table 1. Growth performance (mean + SE) of Nile tilapia in fertilized earthen ponds 
during 194-day culture. Rows of values with superscripts indicate variables with 
significant differences among treatments (ANOVA, p<0.05).  Values with similar 
letter superscripts are not significantly different. 

 

Treatments 

Parameters  
A

(sex-
reversed) 

B
(mixed-sex)

C
(1:80) 

D
(1:40) 

E
(1:20) 

F
(1:10) 

Stocking  
Density (fish m-2) 2 2 2 2 2 2
Total number (fish pond-1) 400 400 400 400 400 400 

Mean weight (g fish-1) 9.0±0.4 7.4±0.1 7.7±0.1 7.5±0.3 7.6±0.0 7.7±0.3 
Total weight (kg pond-1) 3.62±0.17 2.96±0.05 3.08±0.04 3.01±0.12 3.02±0.01 3.07±0.13 

Harvest   
Adult tilapia  

Total number (fish pond-1) 331±10 330±12 322±4 312±8 323±9 327±10 
Mean weight (g fish-1) 157.7±17.5 149.8±16.3 158.0±10.0 152.9±13.5 158.2±15.3 155.3±13.9 
Total weight (kg pond-1) 51.90±4.60 49.03±3.89 50.88±3.17 47.64±4.18 50.94±4.05 50.60±3.92 
Survival Rate (%) 
Range 

82.90 
(78.28-
87.07) 

82.61 
(77.97-
86.81) 

80.52 
(75.69-
84.93) 

77.99 
(72.97-
82.63) 

80.93 
(76.14-
85.30) 

81.88 
(77.17-
86.15) 

Daily weight gain (g fish-1 d-1) 0.77±0.09 0.73±0.08 0.77±0.05 0.75±0.07 0.78±0.08 0.76±0.07 
Total weight gain (kg pond-1) 48.28±4.43 46.07±3.93 47.80±3.21 44.63±4.12 47.92±4.06 47.53±3.87 

 Net yield (t ha-1 year-1) 4.54±0.42 4.33±0.37 4.50±0.30 4.19±0.39 4.51±0.38 4.47±0.36 
 Gross yield (t ha-1 year-1) 4.88±0.43 4.61±0.37 4.79±0.30 4.48±0.39 4.79±0.38 4.76±0.37 
Recruited tilapia  

Total number (fish pond-1) ---- 951±191 ---- ---- ---- ---- 
Mean weight (g fish-1) ---- 9.9±0.5 ---- ---- ---- ---- 
Total weight (kg pond-1) ---- 9.32±1.65 ---- ---- ---- ---- 

 Net and gross yield (t ha-1 year-1) ---- 0.88±0.15 ---- ---- ---- ---- 
Combined adult and recruited fish

Total net yield (t ha-1 year-1) 4.54±0.42 a 5.21±0.22 b 4.50±0.30 a 4.20±0.39 a 4.51±0.38 a 4.47±0.36 a 
Total gross yield (t ha-1 year-1) 4.88±0.43 a 5.49±0.22 b 4.79±0.30 a 4.48±0.39 a 4.79±0.38 a 4.76±0.37 a 



Table 2. Growth performance (mean + SE) of snakehead in fertilized earthen ponds during 
194-day polyculture with Nile tilapia.  Rows of values with superscripts indicate 
variables with significant differences among treatments (ANOVA, p<0.05).  
Values with similar letter superscripts are not significantly different. 

 
Treatments 

Parameters A
(sex-reversed)

B
(mixed-sex)

C
(1:80) 

D
(1:40) 

E
(1:20) 

F
(1:10) 

Stocking  
Density (fish m-2) ---- ---- 0.025 0.05 0.1 0.2 
Total number (fish pond-1) ---- ---- 5 10 20 40 

Mean weight (g fish-1) ---- ---- 94.5±2.4 93.7±3.5 95.8±2.2 95.7±2.2 
Total weight (kg pond-1) ---- ---- 0.47±0.01 0.94±0.03 1.92±0.04 3.83±0.09 

Harvest   
Total number (fish pond-1) ---- ---- 4±0 8±0 19±1 35±2
Mean weight (g fish-1) ---- ---- 441.3±18.1a 292.0±11.6b 179.3±12.0c 123.3±4.2d

Total weight (kg pond-1) ---- ---- 1.91±0.12a 2.43±0.04 b 3.33±0.13c 4.30±0.08d

Survival Rate (%) 
---- ---- 

90.75 
(70.25-
99.83) 

83.64 
(60.06-
97.81) 

95.47 
(78.49-
99.72) 

88.23 
(66.43-
99.32) 

Daily weight gain (g fish-1 d-1) ---- ---- 1.79±0.08a 1.02±0.04 b 0.43±0.07c 0.14±0.02d

Total weight gain (kg pond-1) ---- ---- 1.43±0.13a 1.49±0.04 a 1.42±0.17a 0.47±0.15b

Net yield (t ha-1 year-1) ---- ---- 0.14±0.01a 0.14±0.00 a 0.13±0.02a 0.05±0.01b

Gross yield (t ha-1 year-1) ---- ---- 0.18±0.01a 0.23±0.00 b 0.31±0.01c 0.41±0.00d
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Figure1.  Final mean weight of snakehead (g) at different stocking densities (fish m-2) of 
snakehead in the snakehead and Nile tilapia polyculture after 194 days. 

 

0

50

100

150

200

0 0.05 0.1 0.15 0.2

Stocking Density

N
et

Y
ie

ld

Figure 2.  Net yield of snakehead (kg·ha-1 yr-1) at different stocking densities (fish m-2) of 
snakehead in the snakehead and Nile tilapia polyculture after 194 days. 



Table 3. Combined yields (mean + SE) of Nile tilapia and snakehead in fertilized earthen 
ponds during 194-day culture.  Rows of values with superscripts indicate 
variables with significant differences among treatments (ANOVA, p<0.05).  
Values with similar letter superscripts are not significantly different. 

 
Treatments 

Parameters A
(sex-reversed)

B
(mixed-sex)

C
(1:80) 

D
(1:40) 

E
(1:20) 

F
(1:10) 

Adult tilapia + snakehead  
Net yield (t ha-1 year-1) 4.54±0.42 4.33±0.37 4.63±0.30 4.39±0.39 4.64±0.39 4.52±0.35 

 Gross yield (t ha-1 year-1) 4.88±0.43abc 4.61±0.37a 4.97±0.29bc 4.71±0.40ab 5.11±0.38c 5.16±0.36c

Adult and recruited tilapia + snakehead  
Net yield (t ha-1 year-1) 4.54±0.42a 5.21±0.22b 4.63±0.30a 4.34±0.39a 4.64±0.39a 4.52±0.35a

Gross yield (t ha-1 year-1) 4.88±0.43ab 5.49±0.22c 4.97±0.29ab 4.71±0.40a 5.11±0.38bc 5.16±0.36bc 

Physical and chemical parameters of pond water were not significantly different 
among all treatments at all sampling times throughout the entire experimental period (P > 
0.05).  The mean values of water quality parameters were also not significantly different 
among all treatments (P > 0.05, Table 4). 
 

The partial budget analysis (Table 5) indicated that all treatments in this experiment 
were profitable, and mixed-sex Nile tilapia culture (treatments B through F) produced 
significantly higher net return than sex-reversed Nile tilapia culture (treatment A).  
Snakehead and Nile tilapia polyculture at the lowest predator:stocked-prey ratio (1:80, 
treatment C) had the highest net return and ratio of added income to added cost, followed by 
the treatment at the ratio of 1:20 (treatment E). 



Table 4. Average values of water quality parameters (mean + SE) measured throughout the 
experiment. 

 
Treatments 

Parameters A
(sex-reversed)

B
(mixed-sex) 

C
(1:80) 

D
(1:40) 

E
(1:20) 

F
(1:10) 

DO at dawn (mg L-1) 2.43±0.39 2.25±0.23 2.38±0.19 2.05±0.27 2.36±0.17 2.03±0.17 
Temperature (C) 27.9-37.4 27.4-36.7 27.8-37.3 27.8-36.9 27.8-36.6 27.8-35.9 
pH 6.5-9.6 6.5-10.3 6.4-9.8 6.5-10.0 6.5-10.4 6.5-10.2 

Alkalinity  (mg L-1 as CaCO3) 52±6 54±5 54±9 59±6 54±4 58±4
TKN (mg L-1) 6.62±0.88 6.24±0.73 6.48±0.41 5.76±0.26 6.42±0.49 6.46±0.34 
TAN (mg L-1) 2.48±0.57 2.36±0.26 2.37±0.28 2.04±0.43 2.24±0.27 2.18±0.09 
Nitrite-N (mg L-1) 0.19±0.04 0.22±0.01 0.20±0.01 0.14±0.02 0.21±0.04 0.21±0.02 
Nitrate-N (mg L-1) 0.64±0.17 0.63±0.04 0.79±0.13 0.49±0.14 0.69±0.12 0.76±0.009 
TP (mg L-1) 0.51±0.24 0.51±0.09 0.62±0.08 0.62±0.26 0.70±0.13 0.66±0.12 
SRP (mg L-1) 0.29±0.22 0.18±0.08 0.35±0.06 0.35±0.24 0.38±0.10 0.33±0.10 
Chlorophyll a (mg m-3) 35±11 46±8 31±8 42±13 44±10 41±12 
Secchi disk visibility (cm) 24±2 24±3 25±0 22±1 24±2 23±3
TSS (mg L-1) 95±15 109±5 91±6 107±14 91±11 117±14 
TVS (mg L-1) 20±3 26±2 20±1 25±4 22±4 26±4



Table 5. Partial budget analysis (US $) for sex-reversed and mixed-sex Nile tilapia 
monoculture (treatments A and B) and snakehead and mixed-sex Nile tilapia 
polyculture (treatments C through F) in the 194-day experiment (based on 200-m2

ponds). 
 

Treatments 
Parameters A

(sex-reversed)
B

(mixed-sex) 
C

(1:80) 
D

(1:40) 
E

(1:20) 
F

(1:10) 
GROSS REVENUE  

Adult tilapia  19.46 18.39 19.08 17.87 19.10 18.98 
 Recruited tilapia  ---- 1.16 ---- ---- ---- ---- 

 Snakehead  ---- ---- 1.91 1.82 1.67 1.08 
 Total  19.46 19.55 20.99 19.69 20.77 20.05 
 
VARIABLE COST  

Tilapia fingerlings  5.00 1.67 1.67 1.67 1.67 1.67 
 Snakehead fingerlings  ---- ---- 0.07 0.14 0.29 0.58 
 Urea  6.75 6.75 6.75 6.75 6.75 6.75 
 TSP  6.56 6.56 6.56 6.56 6.56 6.56 
 Cost of working capital 0.78 0.64 0.64 0.64 0.65 0.66 
 Total cost  19.09 15.62 15.69 15.76 15.92 16.22 
 
NET RETURN  0.37 3.93 5.30 3.92 4.85 3.83 
 
ADDED COST  3.33 ---- 0.07 0.14 0.29 0.57 
 
ADDED RETURN  -0.09 ---- 1.44 0.14 1.22 0.50 
 
ADDED 
INCOME/ADDED COST -0.03 ---- 20.41 0.97 4.22 0.87 

Discussion 
 

This experiment showed that snakehead were able to completely control recruitment 
of Nile tilapia at a very low predator:stocked-prey ratio of 1:80, indicating high efficiency in 
recruitment control.  A similar ratio (1:85) was used by Cruz and Shehadeh (1980) to control 
the Nile tilapia recruitment successfully.  Lates niloticus was reported to have a similar 
predation efficiency (1:84) (Planquette 1974), while other piscivorous species such as 
Hemichromis fasciatus (1:17-1:48, Bardach et al. 1972, Lazard 1980), Cichla ocellaris (1:15, 
Lovshin 1977), Clarias lazera (1:10, Bard et al. 1976), Cichlasoma managuense (1:4, 
Dunseth and Bayne 1978), Elops hawaiiensis (1:20, Fortes 1979), Megalops cyprinoides 
(1:10, Fortes 1980), Clarias gariepinus (1:2.7, de Graaf et al. 1996), and Ophiocephalus 
obscuris (1:30, de Graaf et al. 1996) were less effective.  



The present experiment clearly showed that the carrying capacity of snakehead was 
exceeded at the predator:stocked-prey ratio of 1:10, and poor growth occurred due mainly to 
the limited food items available.  Snakehead is carnivorous and highly predacious on aquatic 
organisms such as insects, fish including its own species, frogs, shrimps and even small 
aquatic snakes (Wee 1982).  In another study, snakehead had better growth at the same 
predator:stocked-prey ratio with smaller stocking size (0.3 g) and harvest size (108.5 g; 
Balasuriya 1988).  In comparison, stocking size was 95.7 g in the present experiment.  The 
results of the present experiment suggests that the standing crop of snakehead at stocking 
density of 2 Nile tilapia m-2 should below 4.30 kg per 200 m2 or 215 kg ha-1 to achieve good 
growth. 
 

In other studies, high yields of harvestable-size tilapia were reported and final size of 
harvested tilapia increased with effective predators (Swingle 1960, Lovshin 1977, Dunseth 
and Bayne 1978, Edwards et al. 1994).  However, there were no significant differences in 
final size and yield of harvested adult tilapia among treatments in this study, and total 
production combining adult and recruited tilapia was significantly reduced in all polyculture 
treatments as the recruits were eaten.  This is consistent with the results using other 
piscivorous species reported by Mair and Little (1991), Lovshin (1977), Fortes (1980), 
McGinty (1983, 1985) and Edwards et al. (1994). 
 

The growth of sex-reversed all-male Nile tilapia was only 5% faster than mixed-sex 
tilapia, and this difference was not statistically significant in the present experiment.  In 
comparison, the sex-reversed all-male tilapia grew more than 10% faster than mixed-sex 
tilapia in other experiments (Pascual and Mair 1997).  Stunting with mixed-sex tilapia culture, 
caused by competition for food between recruits and stocked tilapia, was not observed in the 
present experiment.  Green and Teichert-Coddington (1994) also did not find significant 
differences between sex-reversed and mixed-sex Nile tilapia growth in ponds.  Dan and Little 
(2000) reported that growth difference between sex-reversed and mixed-sex Thai strain of 
Nile tilapia (new-season seed) was significant when cultured in ponds but not significant 
when cultured in cages.  Clearly, there are system-specific differences that may affect the 
growth, production, and stunting of mixed-sex tilapia. 
 

Acknowledgement 
 

The authors wish to acknowledge the Asian Institute of Technology, Thailand, for 
providing the research, field, and laboratory facilities.  Mr. Chumpol S., Mr. Manoj Y., and 
Mr. Supat P. are greatly appreciated for their field and laboratory assistance.  This research is 
a component of the Pond Dynamics/Aquaculture Collaborative Research Support Program 
(PD/A CRSP) supported by the US Agency for International Development, Grant No. DAN-
4023-G-00-0031-00, and by contributions from the University of Michigan and the Asian 
Institute of Technology.  This is PD/A CRSP Accession No. 1269.  The opinions expressed 
herein are those of the authors and do not necessarily reflect the views of the US Agency of 
International Development. 
 



References 
 
APHA, AWWA and WPCF.  1985.  Standard Methods for the Examination of Water and 

Wastewater, 16th edition.. American Public Health Association, American Water Works 
Association, and Water Pollution Control Federation, Washington, DC. 

Balarin, J.D. and Hatton, J.P.  1979.  Tilapia - A Guide to Their Biology and Culture in 
Africa. Unit of Aquatic Pathobiology, University of Stirling, Scotland. 

Balasuriya, C.  1988.  Snakehead (Channa striata) as a Controlling Predator in the Culture 
of Nile Tilapia (Oreochromis niloticus).  Unpublished M.Sc. Thesis, Asian Institute 
of Technology, Thailand. 

Bard, J., Kimpe, P. De, Lazard, J., Lemasson, J. and Lessent, P.  1976.  Handbook of 
Tropical Fish Culture.  Centre Technique Forestier Tropical, Nogent-sur-Marine, 
France. 

Bardach, J.E., Ryther, J.H. and McLarney, W.O.  1972.  Aquaculture, the Farming and 
Husbandry of Fresh Water and Marine Organisms. Wiley-Interscience, Inc., New 
York. 

Bedawi, R.M.  1985.  “Recruitment control and production of market size Oreochromis 
niloticus with the predator Lates niloticus L. in the Sudan”.  J. Fish Bio. 26: 459-464. 

Chen, T.P.  1976.  Aquaculture Practices in Taiwan. Fishing News Books Ltd., Farnham, 
England. 

Chimits, P.  1957.  “The Tilapia and their culture, a second review and bibliography”.  FAO 
Fish. Bull. 10(1): 1-24. 

Cruz, E.M. and Shehadeh, Z.H.  1980.  “Preliminary results of integrated pig-fish and duck-
fish production tests”.  pp. 235-238.  In: R.S.V. Pullin and Z.H. Shehadeh (Eds.), 
Integrated Agriculture-Aquaculture Farming Systems. ICLARM Conference 
Proceedings 4, International Center for Living Aquatic Resources Management, 
Manila and the Southeast Asian Center for Graduate Study and Research in 
Agriculture, Laguna, Philippines. 

Dan, N.C. and Little, D.C.  2000.  “The culture performance of monosex and mixed-sex new-
season and overwintered fry in three strains of Nile tilapia (Oreochromis niloticus) in 
northern Vietnam”.  Aquaculture 184: 221-231. 

De Graaf, G. D., Galemoni, F. and Banzoussi, B.  1996.  “Recruitment control of Nile tilapia, 
Oreochromis niloticus, by the African catfish, Clarias gariepinus (Burchell 1822), 
and the African snakehead, Ophiocephalus obscuris. I. A biological analysis”.  
Aquaculture 146: 85-100. 

Diana, J.S., Chang, W.Y.B., Ottey, D.R. and Chuapoehuk, W.  1985.  Production Systems for 
Commonly Cultured Freshwater Fishes of Southeast Asia. International Program 
Report, No. 7.  Great Lake and Marine Water Center, University of Michigan, Ann 
Arbor, Michigan. 

Dunseth, D.R. and Bayne. D.R.  1978.  “Recruitment control and production of Tilapia aurea 
(Steindachner) with the predator Cichlosoma managuense (Günther)”.  Aquaculture 
14: 383-390. 

Edwards, P., Pacharaprakiti, C. and Yomjinda, M.  1994.  “An assessment of the role of 
buffalo manure for pond culture of tilapia. I. On-station experiment”.  Aquaculture 
126: 83-95. 



Egna, H.S., Brown, N. and Leslie, M.  1987.  Pond Dynamics/Aquaculture Collaborative 
Research Data Reports, Volume 1: General Reference: Site Descriptions, Material 
and Methods for the Global Experiment. Oregon State University, Corvallis, OR. 

El Gamal, A.A.  1992.  “Predation by Nile perch Lates niloticus L. on Oreochromis niloticus 
(L.), Cyprinus carpio (L.), Mugil sp. and its role in controlling tilapia recruitment in 
Egypt”.  J. Fish Biol. 40: 351-358. 

Fortes, R.D.  1980.  “Tarpon as predator to control Java tilapia young in brackish water 
ponds”.  Fish Res. J. Philipp. 5(2): 22-35. 

Green, B.W. and Teichert-Coddington, D.R.  1994.  “Growth of control and androgen-treated 
Nile tilapia during treatment, nursery and grow-out phases in tropical fish ponds”.  
Aquaculture Fish. Manage. 25: 613-621. 

Hopkins, D.K., Pauly, D., Cruz, E.M. and Van Weerd, J.M.  1982.  An Alternative to 
Predator-Prey Ratios in Predicting Recruitment. Meeresforschung, Report on Marine 
Research. Verlag Paul Parey, Hamburg. 

Janssen, J.  1985.  Elevage du poisson-chai africain Clarias Lazera (C&V, 1840) en 
Republique Centraficain. Alevinage et grossissement en etangs.  Document 
Technique No. 22, Project FAO/GCP/CAF/OO7/NET. 

Kaewpaitoon, K.  1992.  Utilization of Septage-Raised Tilapia (Oreochromis niloticus) as a 
Feed for Snakehead (Channa striata). Unpublished Doctoral Dissertation, Asian 
Institute of Technology, Thailand. 

Lazard, J.  1980.  “Le development de la pisciculture intensive en Cote-d’ivoire. Exemple de 
la ferme piscicoles de Natio-Kobadara (Korhogo)”. Bois et Forets de Tropiques 
190:45-66. 

Lovshin, L.L.  1977.  Progress Report on Fisheries Development in Northeast Brazil.
Research and Development Series No. 14.  International Center for Aquaculture, 
Agricultural Experiment Station, Auburn University, Auburn, Alabama. 

Mair, G.C. and Little, D.C.  1991.  “Population control in farmed tilapias”.  NAGA, The 
ICLARM Quarterly 4(2): 8-13. 

McGinty, A.S.  1983.  “Population dynamics of peacock bass, Cichla ocellaris and Tilapia 
nilotica in fertilised ponds”. In: L. Fishelson and Z. Yaron (Eds.), Proc. Int. Symp. on 
Tilapia Aquaculture. Tel Aviv University, Nazareth, Israel.  pp. 86-94. 

McGinty, A.S.  1985.  “Effects of predation by largemouth bass in fish production ponds 
stocked with Tilapia nilotica”.  Aquaculture 46: 269-274. 

Meecham, K.  1975.  Aquaculture in Malawi. Paper presented at the FAO/CIFA Symposium 
on Aquaculture in Africa. Accra, Ghana. CIFA/75/SC1, FAO, Rome. 

Meschkat, A.  1967.  “The status of warm-water fish culture in Africa”.  FAO Fish. Rep.
44(2): 88-122. 

Pascual, L.P. and Mair, G.C.  1997.  “Culture performance of genetically male tilapia 
(GMT)”.  pp. 27-38.  In: G.C. Mair and T.A. Abella (Eds.), Technoguide on the 
Production of Genetically Male Tilapia (GMT). Freshwater Aquaculture Center, 
Central Luzon State University, Nueva Ecija, Philippines. 

Penman, D.J. and McAndrew, B.J.  2000.  “Genetics for the management and improvement 
of cultured tilapias”.  pp. 227-266.  In: M.C.M. Beveridge and B.J. McAndrew (Eds.), 
Tilapia: Biology and Exploitation. Kluwer Academic Publishers, The Netherlands. 

Planquette, P.  1974.  “Nile perch as a predator in tilapia ponds”.  FAO Aquaculture Bull. 6:7. 



Pongsuwana, U.  1956.  “Production of Tilapia mossambica in an experimental pond at 
Bangkhen, Thailand”. IPFC Proceedings 6(2): 197-201. 

Shang, Y.C.  1990.  Aquaculture Economic Analysis: An Introduction. World Aquaculture 
Society, Baton Rouge, LA. 

Steele, R.G.D. and Torrie, J.H.  1980.  Principles and Procedures of Statistics, 2nd edition.  
McGraw-Hill, New York. 

Swingle, H.S.  1960.  “Comparative evaluation of two tilapias as pondfishes in Alabama”.  
Trans. Amer. Fish. Soc. 89: 142-148. 

Tongsanga, S.  1962.  “A preliminary report on the combination of plachon (Ophiocephalus 
striatus Bloch) and tilapia (Tilapia mossambica Peters) in Thailand”.  IPFC 
Proceedings 10(2): 174-180. 

Verani, J.R., Marins, M.A., da Silva, A.B. and Sobrinho, A.C.  1983.  “Population control in 
intensive fish culture associating Oreochromis niloticus with the natural predator 
Cichla ocellaris, a quantitative analysis”.  pp. 580-587.  In: L. Fishelson and Z. Yaron, 
Editors. Proc. Int. Symp. on Tilapia Aquaculture. Tel Aviv University, Nazareth, 
Israel. 

Wee, K.L.  1982.  “The biology and culture of snakeheads”.  pp. 179-213.  In: J. Muir and 
R.J. Roberts (Eds.).  Recent Advances in Aquaculture. Croom Helm Press, London. 

Welcomme, R.L.  1996.  “Aquaculture and world aquatic resources”.  .  pp. 1-18.  In: D.J. 
Baird, M.C.M. Beveridge, L.A. Kelly and J.F. Muir (Eds.), Aquaculture and Water 
Resource Management. Blackwell Science, Ltd, London. 


