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Common carp Cyprinus carpio (L.) and Nile tilapia Oreochromis niloticus (L.) were evaluated in 
the Philippines in replicated field plot trials as biocontrol agents of the golden apple snail (GAS) 
Pomacea canaliculata (Lamarck) in rice-fish culture. Carp are more adapted to consume snails 
than tilapia by possessing pharyngeal jaws and they frequent the benthos where more GAS 
reside. GAS densities at rice harvest were lowest in paddies stocked with carp irrespective of 
stocking density (0.5 or 1 fish/m2), and the predation rate rose more to increased snail infestation 
levels than was the case with tilapia . Even as a less effective predator, Nile tilapia significantly 
reduced snail numbers compared to the no-fish control particularly in the dry season and at the 
higher fish stocking density. Measuring the sizes of surviving snails showed that both fish species 
could not prevent larger snails from occurring. By allowing larger snails to survive, biocontrol 
with these two species of fish needs to be supplemented by hand removal or screens on inlets.
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INTRODUCTION
The golden apple snail Pomacea canaliculata (Lamarck) 
(GAS) was purposely introduced into Asia (Taiwan in 1979)
for food production as well as for aquarium trade (Mochida 
1991) and the species reached the Philippines in 1982. As 
GAS is a polyphagous herbivore (Basilio&Litsinger 1988), it 
was easily bred. Indigenous to South America, GAS is highly 
adaptive, ranging from temperate Argentina to the tropical 
Amazon basin(Cowie 2002). GAS matures in 2-7 months 
and can live 4 years (Mochida 1991).It readily adapted to 
life in alternating wet and dry habitats such as seasonal 

swamps and rice fields as the mantle cavity possesses both a 
gill (ctenidium) and a portion modified as a pulmonary sack 
(primitive lung) (Cowie 2002). Additionally, its wide host 
plant range allowed survival in many new habitats.

Government-sponsored livelihood projects encouraged 
its culture as a cottage industry and by 1985 it had spread 
throughout the Philippines (Adalla&Morallo-Rejesus 1989). 
It soon escaped from rearing ponds, as young snails readily 
dispersed in flood water, and was declared a major pest of rice 
in 1986. GAS starts feeding on plants when they have attained 
a shell height of 1.5-2 cm. Before that they feed mainly on 
algae. An adult snail >2.5 cm high can consume a leaf blade 
in 3-5 minutes or 7-24 rice seedlings/day causing up to 98% 

RESEARCH NOTE

125



loss in a newly transplanted field (Saxena et al. 1987, Basilio 
1991, Litsinger&Estaño 1993). Older rice plants are less 
preferred due to silica deposition, therefore injury is limited 
to the vegetative stage. Unfortunately GAS lost its appeal 
as a human food, making handpicking uneconomical and 
therefore required other control measures. Recommended 
molluscicides are environmental pollutants, expensive, and 
normally do not provide adequate control (Halwart 1994b). 
This paper addresses a biocontrol option.

Yusa et al. (2006) found 26 natural enemies of snails in 
Asia, but few live in paddy fields. This may be a reason 
why GAS maintains larger populations in paddy fields 
than other freshwater habitats. When GAS first appeared 
in Taiwan, the government released more than a million 
fingerlings of common carp Cyprinus carpio(L.) and 
black carp Mylopharyngodon piceus (Richardson), but 
this did not stop the outbreak(Mochida 1991). Culture 
of fish in rice fields is gaining popularity in Asia as this 
not only increases the area of freshwater fish farming 
and production but also helps solve the problems of 
fish shortages in rice-growing areas especially in places 
without ponds or water bodies (Xiao 1992). Many fish 
species prey on juvenile stages of GAS and some are 
suitable for rice-fish culture (Hendarsih et al. 1994, Teo 
2006, Wong et al. 2009). A hypothesis advanced in this 
study is that by feeding on snails in a confined rice field, 
fish should provide continuous predatory pressure, more 
so than in a pond.

The objective of this study was to evaluate the common 
carp and Nile tilapia Oreochromis niloticus(L.) as 
biocontrol agents against GAS in rice fields. Both 
fish are present in the Philippines and are important 
to aquaculture in Asia. They are adapted to shallow 
ponding and diverse food sources. Both are dependent 
on detrital aggregate for food but readily adjust their 
feeding preferences (Spataru 1978).

Previous experiments with common carp (a benthos 
feeder) and Nile tilapia (mostly a water column feeder 
but will also search for prey in the benthos) have been 
conducted in artificial containment (Halwart et al. 1998, 
Yusa et al. 2006).  These studies showed common carp 
could consume four times more juvenile GAS than Nile 
tilapia (400 versus 100/day). This provided evidence that 
fish, if introduced early in the rice crop, could prevent 
GAS from maturing to the larger and more destructive 
sizes. In artificial containment, however, all social 
interactions among fish such as schooling or territoriality 
that may influence feeding behavior do not occur. In the 
field, fish may choose from a variety of prey items, and 
both species’ prey preferences in rice fields are not well 
known. The consumption rate of snails by single fish in 
aquaria studies probably over estimates actual feeding 
on snails in rice fields, as snails may avoid predation by 

hiding within dense vegetation. In short, considering the 
complex field environment, it was necessary to test if 
findings from controlled experiments could be verified 
under field conditions. 

Therefore a collaborative project was organized to 
undertake field trials on GAS predation by the Freshwater 
Aquaculture Center of Central Luzon State University 
(FAC/CLSU), the International Rice Research Institute 
(IRRI), and the Institute of Landscape Planning and 
Ecology of the University of Stuttgart in Germany with 
support from the International Center for Living Aquatic 
Resources Management (ICLARM) from 1991-93. The 
objective was to learn the overall predatory impact of 
common carp and Nile tilapia on GAS and the relevance 
of fish species, fish density, and snail density in the field. 
This is the fifth and last paper in a series from the project. 
Others determined fish activity patterns (Halwart et al. 
1996), fish as predators of rice arthropods (Halwart et al. 
2012), modeling study (Halwart et al. 2006), and aquaria 
studies on fish predation of GAS (Halwart et al. 1998).

MATERIALS AND METHODS
Experiments were conducted at the FAC/CLSU in 
Muñoz, Nueva Ecija province. Rice was double cropped 
in surrounding rice fields during a dry season (DS) from 
January to April and a wet season (WS) from July to 
October.

Field trials
The first field trial was conducted during the 1992 DS as 
a factorial experiment with three main plot treatments: 1) 
rice without fish, 2) rice and common carp, and 3) rice and 
tilapia in a randomized complete block design. The trial 
was repeated in the following WS. In each season there 
were three main plots (common carp, Nile tilapia and a 
no-fish control). The plots were artificially infested with 
adult snails >4 cm that had been removed by hand before 
transplanting in densities as determined by each treatment. 
Two snail densities were set out as subplots in each season. 
Subplots were further divided into sub-subplots of two fish 
densities (0.5 and 1 fish/ha). Plot size in the DS was 200 
m2 with six replicates. Plot size was reduced to 50 m2in 
the WS with three replicates. As the no-fish main plot 
only had snail density subplots, the number of treatments 
totaled ten in the WS and six in the DS.

A fish refuge trench, 0.5-0.6 m deep, ran the length of 
each plot. Earthen 40-cm tall bunds delineated plots. 
Water inlets and outlets of individual plots were covered 
by wooden frames with wire mesh screens to keep stocked 
fish in and wild predatory fish out. Rice varieties were 
IR42 (138-day maturity)in the WS and IR72(110-day 
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maturity) in the DS. Rice was transplanted with 3- to 4- 
seedlings/hill at 25 cm x 25 cm distance in both directions. 
Inorganic fertilizer (90-45-45 kg NPK/ha) was applied 
in two splits with N, the first basal and the second N 
application at 40 days after transplanting (DT). Both P 
and K were applied basal. No pesticides were used and 
fields were hand-weeded. 

Fish
The fish were supplied by three sources:1) Philippine 
Bureau of Fisheries and Aquatic Resources, 2) the 
Tanay Carp Hatchery, and 3) FAC’s own stock. Prior to 
introducing fish, the field was seined and electrocution 
was carried out biweekly  over two months to remove 
all indigenous fish (Regis et al. 1981, Zalewski 1985). 
Individual initial fish weight was estimated from a 20% 
sample of the stocked fish one day before stocking. Carp 
each weighed 7.7 ± 2.9 g in the DS (n = 160) and 5.7 ± 2.8 
g in the WS (n = 450) and tilapia weighed 16.0 ± 4.6 g in 
the DS (n = 160) and 5.4 ± 2.4 g in the WS (n = 450). Fish 
were introduced 2 weeks after transplanting, and 2 weeks 
later water was raised to 10 cm. At harvest, both species 
of fish were weighed where Nile tilapia averaged 115 g 
and common carp 130 g over the two seasons.

Snails
Each season, daily paid workers removed all the GAS they 
could find from the plots over three days both before and 
after land preparation.These snails were  re-introduced 
in the plots at densities and sizes as designed in the 
treatments on 19 DT in DS and on 2 DT in WS. The sex 
ratio (male:female) was 1:1 in DS and 1:2 in WS. In the 
DS subplots densities were 0.48 and 1.32 snails/m2, and 
0.18 and 0.48 snails/m2 in the WS). Snail density was 
estimated 2 days after rice harvest in the whole plots. 
After rice harvest, a worker shoveled 2-3 cm of mud from 
the surface of each plot. The mud was placed in pails 
half filled with water and the clods were disaggregated 
by hand. The mud and water were passed through metal 
sieves with a mesh size of 3 mm. Shell height of each snail 
was measured by placing the snail on a ruler and recording 
the distance from the base of the shell to the apex to the 
nearest mm. Shell height was grouped into five categories: 
1) < 1 cm, 2) 1-< 2cm, 3) 2-<3 cm, 4) 3-<4cm, and 5) > 
4 cm. The purpose of classifying snails by size was not 
to show the maximum size of snails consumed by the 
two species of fish but rather whether the fish prevented 
GAS from reaching the larger sizes that posed most risk 
of crop injury. The sizes of fish that were introduced were 
quite small and thus could notconsume snails < 2  cm in 
height. Sexual maturity of GAS is reached in snails 3-4 
cm in height and they attain > 5 cm in height after one 
year (Halwart 1994a).

Statistical analysis
The factorial experiments were in a randomized 
complete block design which was incomplete as the 
main plot without fish did not have fish density subplots. 
Treatments were first grouped into two subsets (no-fish 
versus fish). Subset 1 with no fish was partitioned into 
two snail densities. Subset 2 was partitioned into three 
sub-factors: fish species, snail density, and fish density. 
The Shapiro-Wilks test was performed and assured that 
data were a random sample from a normal distribution. 
Data were transformed using logarithms or square root as 
appropriate.  Results were subjected to two-way ANOVA 
to compare treatment means. Means were separated by 
the least significant different (LSD) test with P < 0.05 as 
the minimal criterion of significance.

RESULTS

Snail stocking density
Common carp significantly reduced snail abundance 
compared to the no-fish control in the four treatments 
over both seasons (58-87% snail suppression) (Table 
1). Only with carp did predation significantly respond 
to snail stocking density and that occurred each season.
The predation rate of carp was significant between snail 
densities each season. The trend, however, was not 
always in the same direction. For example, predation 
rate was lowest (58%) at the highest snail stocking 
density (1.32/m2) compared to 87% at 0.48 snails/m2in 
the DS. Apparently carp were quickly satiated at the 
highest stocking rate. In comparing 0.18 and 0.48 snails/
m2 stocking rates in the WS, predation was significantly 
greater at moderate initial stocking rate (85%) than the 
lowest stocking rate (81%). The same snail density (0.48/
m2) occurred in both seasons so comparisons could be 
made regarding a seasonal effect. Common carp registered 
the same predation rate each season (85-87%), therefore 
the slightly larger fish when stocked (7.7 g/fish) in DS 
was not significantly different than in the WS (5.7 g/fish). 

Nile tilapia predation was significantly higher compared 
to no-fish in three of the four treatments (48-73% 
suppression), only failing in the WS at 0.48 snails/m2 

(12%) (Table 1). In contrast to carp, the predation rate 
by tilapia in the paired comparisons each season was 
always greatest at the lowest snail stocking densities. For 
example, in the WS comparing 0.18 versus 0.48 snails/
m2stocking rates (a difference of 2.7-fold) the predation 
rate was only 12% in the higher snail density compared to 
49% in the lower, a 4-fold difference. Similarly in the DS 
comparing initial snail densities of 0.48 and 1.32/m2 (a 2.7-
fold difference), the final density of snails was 3.3 snails/
m2 in the former (73% control), but only 4.6 snails/m2 in 
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the latter (48% control). Snail suppression was inferior 
to that of carp in three of the four comparisons, except 
in the WS at the highest stocking density. Regarding a 
comparison of seasons at the same snail stocking density 
(0.48 snails/m2), predation rate was much higher in the DS 
(73%) than in the WS (12%). This could be the result of 
more choices of food in WS and/or the larger initial size 
of fish in DS (16 g/fish) than WS (5.4 g/fish).

Fish stocking density
The data for snail stocking densities were pooled in order 
to compare the effect of two fish densities (0.5 and 1/m2) 
for both common carp and Nile tilapia on snail predation 
in both the DS and WS. Carp was the superior predator 
(69-89% control) compared to tilapia (25-49% control) at 

both fish stocking densities over both seasons (Table 2). 
In each of the four comparisons that include two stocking 
densities and two seasons, carp significantly reduced 
snails compared to the no-fish control. Least control was 
69% in the DS at 1 fish/m2. Tilapia only caused significant 
predation at one stocking density each season compared to 
the no-fish control. In the DS it was at 1 fish/m2 and in the 
WS it was at 0.5 fish/m2 stocking rates. Tilapia registered 
higher predation at the 1 fish/m2 stocking rate only in the 
WS, whereas there was no effect of fish stocking rate on 
predation with carp. It therefore appears that fish stocking 
density becomes more important the less suitable the fish 
species is against snails. 

Snail predation and snail size class

Table 1. Fish production under different golden apple snail stocking densities over two rice crops, Muños, Nueva Ecija, Philippines, 1992 
dry season (DS) and wet season (WS) 1/

Dry Season (DS) Wet Season (WS)

Treatment
0.48 snails

/ms2
1.32 snails

/m2 Difference df F P
0.18 snails 

/ms2
0.48 snails 

/ms2 Difference df F P

Rice (no fish) 12.4 c 8.9 b 3.5 ns 5 4.262 0.064 10.5 c 7.4 b 3.1 ns 2 1.375 0.176

Rice-carp 1.6 a (87%) 3.7 a (58%) -2.1** 5 5.35 0.005 2.0 a (81%) 1.1 a (85%) 0.9* 2 4.983 0.033

Rice-tilapia 3.3 b (73%) 4.6 a (48%) -1.3 ns 5 1.481 0.086 5.4 b (49%) 6.5 b (12%) -1.1 ns 2 2.830 0.089

df 10 10 4 4

F 14.732 12.817 8.32 7.99

P 0.022 0.036 0.027 0.030
1/ Factorial randomized complete block design: 200 m2 plot size and 6 replicates in the DS and 50 m2 plots and 3 replicates in the wet season.
Snails were collectected from the field during land preparation and introduced 19 days after of transplanting  (DT) in the DS and 2 DT in the WS.
Means in a column followed by different letters are significantly different by LSD test. ns= not significant, *= P≤0.05, **=P≤0.01.
Percentages in parentheses are the degree of predation compared to no fish.
2/ Stocking density of adult snails. Sex ratio of snails was 1:1 in the DS and 1:2 in the WS favoring females. Figures in parentheses are predatory rates of fish against 
snails. Percentage control in parentheses was calculated from the means of snail densities each season.

Table 2. Effect of different fish stocking densities on golden apple snail predation over two rice crops, Muños, Nueva Ecija, Philippines, 
1992 dry season (DS) and wet season (WS) 1/

Snail density at harvest (no./m2) 2/

Dry Season (DS) Wet Season (WS)

Treatment 0.5 fish/ms2 1 fish/m2 Difference df F P 0.5 fish/ms2 1 fish/ms2 Difference df F P

Rice (no fish) 10.5 c 6.4 b 4.1 ns 5 2.472 0.124 9.7 b 8.8 c 0.9 ns 2 1.678 0.169

Rice-carp 1.2 a (89%) 2.0 a (69%) -0.8 ns 5 1.037 0.428 1.3 a (87%) 1.9 a (85%) -0.6 ns 2 1.247 0.442

Rice-tilapia 7.1 b (32%) 4.8 a (45%) 2.3 ns 5 2.413 0.389 6.8 b (30%) 4.5 b (49%) 2.3 * 2 3.764 0.038

df 10 10 4 4

F 3.733 4.286 3.698 2.968

P 0.027 0.018 0.035 0.028
1/ Factorial randomized complete block design: 200 m2 plot size and 6 replicates in the DS and 50 m2 plots and 3 replicates in the wet season.
Snails were collectected from the field during land preparation and introduced 19 days after of transplanting  (DT) in the DS and 2 DT in the WS.
Means in each column followed by different letters are significantly different by LSD test. ns= not significant, *= P<0.05, **=P<0.01.
Percentages in parentheses are the degree of predation compared to no fish.
2/ Sex ratio of snails was 1:1 in the DS and 1:2 in the WS favoring females Percentage control in parentheses was calculated from the means of snail densities each season.
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Because the fish were small, the main point of 
determining snail size was to see if each fish species 
could prevent GAS from attaining the larger sizes by 
preying on most them when they were younger. The 
only differences, aside from season, were that the plot 
sizes were larger in the DS (200m2) than the WS (50 
m2) and the number of replications (6 in the DS and 3 
in the WS). Similar results were obtained each season. 
In the DS, the ANOVA analysis for the DS recorded 
significance in the treatment, fish species, and rice versus 
rice-fish variables for the first three snail size classes< 
1 cm to 2 <3cm (Table 3). The effect of snail density, 
however, was insignificant for all five snail size classes. 
Also the fourth snail size class (3-< 4cm) did not show 
significance for any variable, whereas the treatment and 
fish species variables were significant for only the largest 
snail size. Common carp significantly reduced snails < 
3 cm in size at an initial stocking density of 0.48 snails/
m2 in DS. At a higher stocking density of 1.32 snails/
m2, significant reduction by carp occurred at snails sized 
from 1-< 3 cm, but not < 1 cm. However, the reason 
why the smallest snails were not registered as key prey 
was due to thevery low population in the no-fish control 
that did not allow a valid comparison to be made. Nile 
tilapia in DS only registered significant suppression of 
snails < 1 cm size at the 0.48 snails/m2 stocking density 
but not at the higher 1.32 snails/m2 stocking density for 
any size group. 

In the WS, significant differences between snail sizes were 

recorded for fish species and rice versus no-rice variables 
from snail size classes of < 1 to 2-<3cm (Table 4). 
Significant suppression occurred at the interaction of fish 
species and snail density at 2-<3cm size snails. Again there 
was no significant effect between fish densities of 0.5 to 
1/m2. Carp significantly reduced snails < 2 cm in size, but 
suppression was not sufficient to prevent larger snails from 
developing. The results for tilapia were more complex. 
In plots infested at 0.18 snails/m2,tilapia suppressed 
snails sized 1- <2 cm at fish stocking densities of 0.5/
m2. At a higher stocking rate of 0.48 snails/m2significant 
suppression occurred only at the 1 fish/m2 initial density 
and only for snails 1-<2 cm in size. The low population of 
snails in the no-fish control again obscured effects when 
snail density decline was at the lowest rates.

DISCUSSION

Common carp better predator than Nile tilapia
In similar trials conducted in other countries, common 
carp and Nile tilapia also performed well as biocontrol 
agents against GAS. Teo (2006) evaluated five fish 
species as predators of GAS in aquaria trials in Malaysia 
followed by replicated field trials in rice fields. In the 
aquaria studies all the fish species preyed upon GAS 
hatchlings, but at the field level only common carp and 
Nile tilapia consumed snails significantly more than 

Table 3. Effect of predation on golden apple snail by snail size as affected by initial snail density and fish species, Muños, Nueva Ecija, 
Philippines, 1992 DS

Snail Stocking rate

Treatment (no./m2) < 1 cm 1-< 2 cm 2-< 3 cm 3-< 4 cm ≥ 4cm Snails ≥ 3 cm

Rice 0.48 2.4 b 2.8 b 2.2 b 1.3 b 0.2 a 17%

Rice-carp 0.48 0.05 a 0.1 a 0.2 a 0.7 ab 0.6 ab 79%

Rice-tilapia 0.48 0.05 a 0.6 ab 1.1 b 1.3 b 0.3 a 48%

Rice 1.32 0.1 a 0.6 ab 0.9 ab 0.8 ab 0.2 a 38%

Rice-carp 1.32 0 a 0.05 a 0.5 a 1.7 b 1.5 b 85%

Rice-tilapia 1.32 0.1 a 1.2 b 1.3 b 1.6 b 0.3 a 42%

ANOVA results 2/ df Probability of >F

Replication 5

Treatment 5 0.0343* 0.0082** 0.0061** 0.3248ns 0.0047**

Fish species (F) 2 0.0053** 0.0098** 0.0013** 0.6741ns 0.0068**

Snail density (S) 1 0.0674ns 0.3462ns 0.4328ns 0.6629ns 0.7210ns

F x S 2 0.8237ns 0.0849ns 0.0427* 0.3553ns 0.8423ns

Error 25

Total 71
1/ Factorial experiment in a randomized complete block design.
In all columns and rows, means followed by a different letter are significantly different by LSD test.
** highly significant (P≤ 0.01), * significant (P≤ 0.05), ns=not significant (P>0.05)
2/ Separate analyses were carried out for each snail size class separately.
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the other species. Specialized fishes such as black and 
common carp in China (Hickling 1962) or various cichlids 
from Africa have evolved to feed on snails (De Bont and 
De Bont Hers 1952, Hickling 1962, McKaye et al. 1986, 
Chiotha et al. 1991). Both carp species have pharyngeal 
jaws, and during feeding crush the shells and eject the 
shell fragments, consuming only the flesh. The snails 
found in the guts of the other fish species by Teo (2006) 
including Nile tilapia were unbroken indicating they were 
not specialized molluscivores. Frei et al. (2007) reported 
carp and tilapia in a polyculture significantly reduced the 
number of mollusks from a survey of the benthos in rice 
fields. Other studies showed carp were better predators 
(Ichinose &Tochihara 2001, Ichinose et al. 2002, Kwong 
et al. 2008). Wong et al. (2009) found common carp proved 
to be an efficient predator of GAS by greatly reducing the 

number of snails in the smaller size classes at all snail 
infestation levels tested. They considered carp to be the 
most effective predator as it fed on GAS < 1 cm. 

Halwart et al. (1998) also concluded that carp were better 
predators than tilapia due to: 1) engaging in stalking 
behavior against GAS juveniles, 2) ability to consume 
larger prey, 3) exhibiting a density-dependent response, 
4) low selectivity for other non-target invertebrates, and 
5) dwelling in the benthic habitat where they would 
encounter more snails. Because population decline from 
common carp against juvenile snails was higher than 
that of Nile tilapia, more time was needed for tilapia to 
achieve the same degree of control which gave more time 
for snails to grow and disperse to avoid predation. In the 
wild, snails without good cover get picked first, thereafter 
searching time increases.

Table 4. Effect of fish predation on golden apple snail by snail size class as affected by initial snail stocking rate, fish species, and fish 
density, Muños, Nueva Ecija, Philippines, 1992 WS.

Snail Density
(no./m2)

Fish Density
(no./m2)

% Snails ≥ 
3 cmTreatment < 1 cm 1-< 2 cm 2-< 3 cm 3-< 4 cm ≥ 4cm

Rice 0.18 0 2.0 bc 5.8 d 1.7 b 0.8 ab 0.2 a 10%

Rice-carp 0.18 0.5 0 a 0.1 a 0.9 ab 0.5 a 0.2 a
45%

Rice-carp 0.18 1 0 a 0.2 a 1.0 ab 0.8 ab 0.3 a

Rice-tilapia 0.18 0.5 2.1 bc 2.5 c 1.1 ab 0.6 a 0.1 a
15%

Rice-tilapia 0.18 1 0.6 a 2.0 bc 1.0 ab 0.7 ab 0.2 a

Rice 0.18 0 1.5 b 4.2 d 1.2 ab 0.7 ab 0.3 a 13%

Rice-carp 0.18 0.5 0 a 0.1 a 0.05 a 0.4 a 0.2 a
72%

Rice-carp 0.18 1 0.05 a 0.1 a 0.3 a 0.8 ab 0.3 a

Rice-tilapia 0.18 0.5 2.4 c 3.6 d 1.3 ab 0.4 a 0.1 a
9%

Rice-tilapia 0.18 1 0.8 ab 1.8 bc 1.8 bc 0.6 a 0.1 a

ANOVA results 2/ df Probability of >F

Replication 2

Treatment 9 0.06445** 0.0087** 0.0058** 0.0753ns 0.2467ns

Fish species (F) 2 0.0047** 0.0059** 0.0083** 0.4297ns 0.4639ns

Snail density (S) 1 0.4360ns 0.0976ns 0.2318ns 0.5326ns 0.4876ns

Fish density (D) 1 0.3342ns 0.3279ns 0.8327ns 0.5567ns 0.3218ns

F x D 2 0.3122ns 0.3442ns 0.1167ns 0.4743ns 0.2438ns

F x S 2 0.1129ns 0.2124ns 0.0328* 0.3264ns 0.2298ns

D x S 1 0.3487ns 0.3860ns 0.3127ns 0.2998ns 0.1865ns

F x D x S 2 0.2651ns 0.4220ns 0.3478ns 0.3657ns 0.5328ns

Error 22

Total 32

Rice vs rice-fish 3/ 5 0.0035** 0.0060** 0.0426* 0.0742ns 0.1475ns
1/ Factorial experiment in a randomized complete block design.
In all columns and rows, means followed by a different letter are significantly different by LSD test.
** highly significant (P≤ 0.01), * significant (P≤ 0.05), ns=not significant (P>0.05)
2/ Separate analyses were carried out for each snail size class separately.
3/ Data rice-fish versus rice-only subsets were analyzed separately.
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Variables affecting fishes predation efficiency on 
GAS
Variables that affected predation capacity in this study and 
that of Halwart et al. (1998) were found to be the species 
of fish and their feeding habits, season, the species of snail, 
fish stocking density, and the size of fish and snails. Each 
of these variables is discussed.

Species of fish and feeding habits
Common carp and Nile tilapia exhibit different feeding 
habits depending on their age and developmental stage. 

Nile tilapia
Nile tilapia is a filter feeder (Fryer & Iles 1972, Trewavas 
1983). Chapman & Fernando (1994) report from Thai 
rice fields that tilapia primarily rely on periphytic detrital 
aggregate(mainly algae) as their food source. Plant 
material was the second most heavily consumed food. 
Young tilapia < 5 cm include many invertebrates in their 
diet, while larger tilapia specialize in planktonic feeding 
(Trewavas 1983). Mollusks were barely present in gut 
analyses, but few studies have been made from rice fields. 
The current study, as well as those of Teo (2006) and 
Halwart et al. (1998), have shown that Nile tilapia, even 
though it is not a molluscivore, does prey on GAS at up to 
78% predation levels from the field trials presented herein, 
but rates normally are much less, particularly in the WS.

Common carp
As in many benthophagic fish, mollusks comprise a 
significant portion of the diet of common carp in many 
habitats including rice fields (Mein 1940, Ardiwinata 1957, 
Onderikova 1957, Schäperclas 1967, Bardach et al. 1972). 
Although these studies noted that larger carp showed an 
overwhelming reliance on detrital aggregate throughout 
the season, there was a distinct, but small dietary prey 
component which consisted mainly of invertebrates. Seeds 
of grassy weeds and plant material were also common 
in the diet (Chapman & Fernando 1994).Common carp 
are generally considered opportunistic feeders with little 
selectivity for specific foods (Vaas&Vaas van Oven 1959). 

Chapman & Fernando (1994) detected no mollusks in the 
diet of carp in rice fields in NE Thailand, but this may 
have been due to a scarcity of snails in the mostly sandy 
soils. García-Berthou (2001) noted carp enjoyed a diet of 
hard material (plant seeds and debris) including mollusks 
small enough to fit through the opening between the 
pharyngeal teeth. Laboratory trials by Wong et al. (2009) 
noted crushing resistance increased proportionally with 
snail size, and carp frequently rejected the hard shelled 
viviparid Sinotai aquadrata. Shell shape and thickness 
were noted by Halwart et al. (1998) to be of importance 
in prey selection in rice fields where several species of 

benthic snails co-occur. Common carp facilitate digestion 
by not filling their digestive tract with prey parts without 
nutritional value. 

In the field plot trials of the current study, both fish species 
were found to feed on juvenile GAS, and experiments 
clearly showed a higher feeding potential for common 
carp over Nile tilapia. It was concluded that choice of fish 
is paramount and common carp was the more effective 
biocontrol agent than tilapia and therefore should be 
promoted. Where social acceptance favors Nile tilapia, 
however, polyculture is suggested. Tilapia has to swallow 
the shells which upon crushing may harm its digestive 
tract. This behavioral aspect may be one of the reasons 
why tilapia cease feeding to produce a Holling’s Type 
II model, while similarly sized carp continue to feed 
producing a Type III model due to handling time and 
satiation (Holling 1959). Further evidence of fish feeding 
on GAS was provided by the gut content analyses of carp 
collected in rice fields which occasionally contained 
opercula and shells of snails (Halwart et al. 2012). By 
contrast no shell parts were found in tilapia. This may 
indicate the absence of feeding, but may also be the result 
of the lysis of shells by extremely low pH values of < 2 
in tilapia stomachs (Moriarty 1973).

Season
Season had a greater effect on tilapia. The low predation of 
tilapia in the WS could be explained by the smaller initial 
fish size (5.4 g versus 16 g in the DS). But there may be 
other reasons. The diet of both species has generally been 
linked with food availability (Schroeder 1980, Leventer 
1981, Spataru et al. 1983). Lower solar radiation occurs 
in the WS which would have reduced levels of algae and 
hence feeding by tilapia who are not specialized against 
mollusks but ingest them in with the algae. As carp 
prey more on invertebrates than do tilapia, their greater 
availability in the WS (Halwart et al. 2012) would have 
increased carp’s searching behavior leading to greater 
snail predation. 

Snail stocking density
It was noted that only common carp responded significantly 
to increasing snail stocking density. Nile tilapia consumed 
fewer in the WS probably due to lower production of 
algae. Reduced GAS predation resulted at the lower 
stocking density probably due to less effective searching 
behavior and fewer snails in the water column than 
benthos. GAS egg mass deposition periodically peaks 
about every 20 days (Halwart 1994b). This entrainment 
is probably caused by field-flooding cycles which trigger 
snail activity, mating, and oviposition. Juvenile snails 
move readily in irrigation water thus concentrate in the 
lowest parcel of a field. Densities of up to 79 snails/m2 
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were recorded near the research site (Halwart 1994a), 
but are patchy due to varying ponding levels in non-
level fields, as well as large egg masses (up to 500 eggs)
all hatching within a few days. Thus searching behavior 
that would lead to early detection of GAS aggregations 
may explain differences in predation rates between fish 
species. The majority of both fish were found to graze 
throughout the day within the entire rice field (Halwart 
et al. 1996), thus both species are likely to encounter 
snails. Carp would encounter them on in the benthos 
while tilapia would find them on foliage. Because of the 
higher predation by carp, this may be due to more snails 
residing in the benthos.

Fish stocking density
Increasing stocking density of fish in rice fields is a 
management option to force fish to prey on abundantly 
available, but less preferred, snails as a result of limited 
natural food supply (Halwart et al. 1998). Generally high 
stocking densities negatively affect fish growth, thus 
farmers will harvest smaller fish. But if farmers market 
fish to grow out, then high stocking densities are more 
acceptable. Specialized molluscivores can be stocked at 
very low densities (0.2-0.3 fish/m2), but adequate control 
may take longer. But the recommended density of common 
carp for biocontrol of GAS 2 fish/m2 (Wong et al. 2009) 
is higher than tested in this study. Ichinose et al. (2002) 
predicted that GAS would be eliminated from a field in 2 
years at a stocking density of 2 carp/m2, if no immigration 
occurred. Tilapia, an unspecialized fish, therefore should 
be stocked even higher if biocontrol is an objective. 

Sizes of snails and fish
Wong et al. (2009) found that common carp could 
feed on GAS only up to 1.8 cm based on mouth width 
measurements. Teo(2006) noted the maximum snail size 
that common carp can ingest ranged from 0.9 cm in the 
start to 1.3 cm at the end of the experiment. Kwong et al. 
(2008) found that carp fed on both neonate (0.3 cm) and 
older snails<1 cm. In the aquaria trials of Halwart et al. 
(1998), 40 g carp fed on snails up to 1.2 cm. Being able 
to consume larger snails implies that snails in rice fields 
would be vulnerable to predation over a longer period. 
Also encounter rates increase with larger shell size, but 
at the same time, capture probability decreases, leading to 
a hump shaped attack probability relationship. Crushing 
resistance also increases with snail size which may lead 
to a fish preference for smaller snails. Snails may avoid 
predation by faster growth to reach a size that is too 
large (1.0 cm) to devour and possessing greater crushing 
resistance (Teo2006). Ichinose & Tochihara (2001) 
infested small plots with snails of various sizes, but snails 
<0.8 cm were mostly consumed by 16.4 cm long fish, and 
8.8 cm fish allowed some snails survive.

Tilapia fared more poorly, as the WS data showed tilapia 
suppressed snails up to 1-<2 cm at 1 fish/m2 only at the 
lower snail density. At a lower fish stocking density of 
0.5/m2, tilapia only significantly suppressed snails 1-2 cm 
at the lower snail density treatment, and in the DS tilapia 
suppressed snails only < 1 cm at the lower snail stocking 
density. Halwart et al. (1998) found mostly snails < 0.4 
cm were consumed in considerable numbers by tilapia, 
but limited numbers of 40 g fish consumed GAS 0.6-< 0.8 
cm in size, considerably smaller than for carp.

In aquaria trials, Halwart et al. (1998) found larger fish 
can control larger snails up to a point and therefore they 
can be active for longer periods to improve the biocontrol 
potential. The largest carp (40 g) could feed on all sizes 
offered but smaller carp generally could not. But in some 
exceptions carp 5 g could consume even some as large 
as 0.9 cm.

Kwong et al. (2008) concluded that common carp had less 
effect to prevent larger GAS from developing, probably 
because of the relatively small fish used. Although it was 
not surprising that common carp had a negative effect on 
juvenile snails in their study, they found it remarkable 
given the large numbers of neonates released that no 
snail>1.0 cm was found in the enclosures with the fish. 
Releasing larger fish that will feed on the larger snails is 
one way of avoiding the problem of reduced control of 
larger snails, but larger fish need deeper water which in 
turn reduces tillering of rice (DeDatta 1981). But larger 
fish (30 cm versus 15 cm long) also may injure more 
seedlings (Halwart et al. 1998). 

There is a need for stocking larger fish to reduce the 
vulnerability window of snails. Ichinose & Tochihara 
(2001), working with outdoor aquaria in Japan, released 
mixtures of known numbers of GAS ranging from 0.6-2 
cm and compared predation by fish 9-16 cm and different 
fish densities. They concluded that fish density rather than 
snail or fish size seemed most important. In the current 
study, however, the results indicated that snail size was 
more important than fish density, while fish size was not 
studied. Halwart et al. (1998) tested fish from 5- 40 g 
in size and found that larger fish reduced the number of 
surviving large snails. There was not much difference in 
performance between 20 and 40 g fish, therefore stocking 
densities of fish 20-40 g/fish was suggested based on 
their results. 

The release time of fish into rice fields is critical as noted 
by Ichinose et al. (2002) who emphasized there is a race 
in the growth of both fish and snails. Early release into 
rice fields will lead to more damage to rice seedlings by 
large fish and late release of small fish will mean that 
some snails will be too large for them to eat. 
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Fish as biocontrol agents
The interpretation of the current findings is limited to rice 
fields stocked with common carp weighing 6-8 g or Nile 
tilapia 5-16 g/fish. The data showed carp can significantly 
contribute to reduced abundance of GAS up to 2-<3 cm. 
A different situation may arise if larger fish are stocked 
because of their greater feeding potential (Halwart et al. 
1998). In most rice-growing countries it should be possible 
to maintain fewer, but larger-sized fish in concurrent rice-
fish farming systems with a pond refuge. This involves 
efforts in the management of fish stocks and the timing of 
activities for pond and rice field, but at present seem to be 
the most promising option for sustainable snail biocontrol. 

To determine the outcome of culturing fish in terms of 
reduced damage to rice, the size-class abundance data in 
Table 3 can be used (at 0.48 snails/m2 initial snail density) 
along with data collected by Yamanaka et al. (1988) on 
the correlation of snail size with daily consumption of 
rice seedlings to estimate the final snail population in a 
field without fish. The result of the analysis is that carp 
will reduce the amount of rice seedlings consumed to 
half of that without fish. Conversely, at a high initial 
snail infestation (1.32 snails/m2), about five times as 
many rice seedlings will be consumed in the following 
rice growing season by the larger snails in association 
with carp compared to rice only, if no other control 
measures are used.

Farmers, however, only want the level of control to be 
below an economic threshold value (Litsinger&Estaño 
1993). But current thresholds do not take into account the 
size structure of the snail population as damage increases 
with shell size. For example, GAS consumes about three 
times more rice seedlings when its shell diameter increases 
from 2 to 4 cm (Yamanaka et al. 1988). The relative 
abundance of snail size classes is also of importance for 
the population dynamics of GAS which lay more eggs with 
increasing female size. Also the window of vulnerability 
of rice is limited to about 3-4 weeks after transplanting 
or about 5-6 weeks if directly seeded. Biocontrol by fish 
must primarily aim at limiting snail densities below a 
threshold of 0.5/m2 during this time. Our results showed 
that abundance of snails > 2 cm feeding on rice ranged 
from 0.6 to 3.7 snails/m2, depending on initial snail 
density and presence of fish. Several economic thresholds 
are available and range from 0.5-2/m2 (Litsinger & 
Estaño 1993, Reus 1988). Furthermore the results of the 
current study point out that the species of fish is also a 
consideration as the threshold should be lower for tilapia 
than for carp as the former will take more time to reduce 
snail populations and not be as effective in preventing 
larger snails from occurring.

Kwong et al. (2008) concluded the limited ability of 
common carp to consume larger GAS and controlling 

egg deposition did not mean they cannot control the pest. 
Removing the neonates and juveniles not only directly 
reduces the overall population size, but also prevents the 
snail recruits from reaching reproductive size (Brönmark 
& Vermaat 1998). Where availability of fish seed is 
limited, carp fingerlings may be an important preventative 
method to control snails especially along the edges of 
a spreading infestation, where mainly young snails are 
likely to be present, but probably would be of little value 
if used alone in areas where snail populations are well 
established. Ichinose & Tochihara (2001) suggested that 
carp can totally inhibit GAS if the rate of increase of the 
snail density is less than 10/carp/day. They noted that 
even small carp may be able to control snail populations, 
especially during the breeding season. They estimated that 
it may take two years before the large snails are eliminated 
from a field. 

In the current study, fish were introduced two weeks 
after transplanting which is probably as early as could 
be expected to minimize seedling injury. Water depth 
is recommended to be low until the crop completes 
maximum tillering stage and then water can be increased 
to 10 cm. One way to overcome low tillering is to increase 
planting density, but there is a limit as fish need room to 
roam between plants. The lower water depth also means 
that snails become more concentrated to improve the 
encounter rate of fish. Thus we see there are trade-offs 
with a number of agronomic practices that the farmer can 
manage. The abundance of the more destructive larger 
snails should be kept at a minimum. Experience in fish 
culture will improve the optimal mix of practices that 
produce the most fish and rice. The findings presented 
above demonstrate that both fish species could not 
suppress GAS sufficiently to prevent larger snails from 
developing. 

As carp selectively reduce smaller snails, this means 
the field population will be composed of snails >3 cm. 
As larger snails cause more damage, additional control 
measures will be needed against them such as hand 
picking and placing screens on the inlets to prevent 
not only wild fish but also larger snails from entering. 
Therefore stocking fish in rice fields as biocontrol 
agents is only one component of control and must be 
viewed within the array of IPM practices. One negative 
trait against use of common carp is that they remove 
indigenous snails and natural plants in the natural 
wetland ecosystems (Ichinose et al. 2002, Wong et al. 
2009). But this trait is not as important in cultured rice 
fields as the main habitat of indigenous snails is in natural 
wetlands and not rice fields.
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