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The expansion of water resource development proj- 
ects in the tropics and subtropics resulted in an in- 
creased transmission of human schistosomes. This 
study was conducted to test the feasibility of using two 
snail-eating fishes, Trematocranus placodon (Trewa- 
vas) and Maravichromis anaphyrmis (Trewavas), as 
biocontrol agents of schistosomes in fish ponds. The re- 
sults suggest that T. placodon has a potential for control- 
ling the snail vectors of Schistosoma mansoni (Sambon) 
and Schistosoma haematobium (Bilharz). The use of M. 
anaphyrmis, however, to control schistosome-carrying 
snails was not satisfactory. 0 1991 Academic Press, Inc. 
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INTRODUCTION 

Snails are an important component of the fauna of 
both temporary and permanent aquatic habitats (Crid- 
land, 1957). In Africa and other tropical and subtropical 
countries, many pond-inhabiting snail species transmit 
schistosomes, the causative agents of human schistoso- 
miasis (McMahon et al., 1977). When aquatic habitats 
are used for aquaculture, agriculture, and domestic 
water supply, some of the conventional methods for con- 
trolling snails such as the application of molluscicides 
and prolonged draining are not practical. Application of 
molluscicides may not be acceptable because of their 
toxicity to fish and other nontarget organisms. Also, 
draining of ponds may not be consistent with national 
and local development needs in many countries in 
which schistosomes are endemic (Appleton, 1983; Tees- 
dale, 1986; Chiotha and Morgan, 1987). Biological con- 
trol might be an alternative for controlling snails in 
aquatic habitats (Chiotha and McKaye, 1986). 

Malawi has a long history of high infection rates for 
human schistosomes (Cullinham, 1945; Teesdale and 
Chitsulo, 1985), and the present expansion of aquacul- 
ture and other water resource projects in the country 
have increased snail habitats (Teesdale and Chitsulo, 
1985). The earliest attempt to use biological control 
agents against vectors in Malawi probably occurred in 
the late 1930s when crayfish from Madagascar were in- 
troduced into the Mulunguzi and Domasi Rivers in the 
Zomba district (E.A.R., 1938). The crayfish venture, 
however, was unsuccessful because they had no effect 
on snails, and the survival of the crayfish could not be 
verified. Attention has since shifted to other biocontrol 
agents, particularly fish (McCullough, 1981). With over 
20 snail-eating fishes in Malawi, several researchers 
have suggested that these fishes might offer a means for 
biocontrol of schistosomes (Jackson et al., 1963; 
Chiotha and McKaye, 1986). We assessed the impact of 
two native Lake Malawi snail-eating fishes, Tremato- 
cranus placodon (Trewavas) and Maravichromis ana- 
phyrmis (Trewavas), on snail populations in fish ponds. 

MATERIALS AND METHODS 

Studies were conducted at Bunda College, Malawi, in 
12 cement ponds, each of which was 5 X 3 X 1 m. Pre- 
vious aquaculture experiments in these ponds had cre- 
ated favorable conditions that supported large popula- 
tions of snails. The most common snail species in the 
ponds were Bulinus tropicus (Krauss), Bulinus globosus 
(Morelet) (vectors of Schistosoma spp.), and Lymnaea 
spp. The study began with a survey to estimate the snail 
populations in each pond. Five random samples were 
collected from each pond using a scoop (30 X 30 cm on a 
1.50-m handle) described by WHO (1965) and 
Choudhry and Teesdale (1982). Previous studies had 
established that five samples provided fairly accurate 
estimates of the snail population in the ponds (J. R. 
Stauffer, personal communication). The sampling tech- 
nique was standardized by holding the scoop at arm’s 
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FIG. 1. Initial density of Bulinus spp. snails in ponds treated 
with T. placodon and control ponds. Difference in population esti- 
mates for snails in ponds treated with T. placodon and control ponds 
was not significant (P > 0.05). 

length and dipping along the edges as well as the center 
of the ponds. Individual samples from each pond were 
placed in a sieve, where the mud was separated and the 
snails were counted. The snails were then returned to 
their respective ponds after counting was completed. 

The experimental design was paired blocks with ran- 
dom assignment of treatments in each block. The two 
treatments were presence and absence of molluscivores. 
Each treated pond (presence of molluscivores) was 
stocked with 5 T, placodon and 20 Oreochromis shiranus 
(Boulenger). Each control pond (absence of mollusci- 
vores) was stocked with 25 0. shiranus. This stocking 
rate equated with approximately 17,000 fish/ha and was 
within the range of recommended stocking density in 
Malawi (Pruginin and Arad, 1977). 0. shiranus is a non- 
molluscivorous fish used in aquaculture in Malawi. 
Each pond received a daily food supply of maize bran at 
the rate of about 5% of body weight of resident fish, as 
suggested by Pruginin and Arad (1977). The experiment 
was terminated at the end of 4 weeks and another snail 
survey was conducted. The experiments were repeated 
three times, but in one investigation, some ponds were 
stocked with the molluscivore M. anaphyrmis. The 
ponds were coded so the people who were sampling 
snails did not know which ponds were stocked with mol- 
luscivores. 

Two ponds of each of three rural farmers in the Na- 
mikango area of Zomba District were selected for study. 
All the ponds (within a radius of ca. 2 km) were earthen, 
were less than 1 m deep, and relied on ground water 
supply for filling. The ponds had sparse marginal emer- 
gent vegetation, mostly grasses. The most common 
snail in the earthen ponds was B. globosus, but Lymnaea 

spp. also were present. These ponds were about 10 times 
larger than the experimental, cement-lined ponds. Be- 
cause the rural farm ponds were larger than the experi- 
mental ponds, 20 samples were collected as described 
previously along their shores. 

Treatments (presence and absence of molluscivores) 
were randomly assigned to the two ponds of each farmer 
as before. Each farmer was provided with 30 T. placodon 
for stocking the treated ponds. All the fish ponds had 
been stocked with tilapine nonmolluscivorous fishes [O. 
shiranus and Tilapia rendalli (Boulenger)] prior to the 
introduction of T. placodon. Snail surveys were con- 
ducted at the beginning and at the end of the investiga- 
tion as before. Stocking and management of the ponds 
were done by the farmers to ensure that T. placodon was 
tested under conditions in which the rural farmers man- 
age their fish. This experiment lasted 5 months (Febru- 
ary-June 1989). 

The results were analyzed using the Mann-Whitney 
U test to determine whether the null hypothesis, that is, 
whether the numbers of snails in treated and control 
ponds were the same, could be rejected. The Mann- 
Whitney U test is a nonparametric test and the analysis 
was based on procedures described by Conover (1980). 

RESULTS 

Experimental Ponds Study 

The average number of snails per square meter of 
surface area in treated ponds (those stocked with T. 
placodon) dropped dramatically in 4 weeks and ap- 
proached zero in some ponds. The dramatic drop in 
snail population in the treated ponds was significant (P 
< 0.05) (Figs. 1 and 2). There was no significant differ- 
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FIG. 2. Final population of Bulinus spp. snails in ponds treated 

with T. placodon and control ponds at Bunda College, Malaii, after a 
4-week period. Ponds treated with T. placodon had significantly fewer 
(P < 0.05) snails than ponds without the molluscivore. 
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ence (P > 0.05), however, between the number of snails 
in ponds treated with M. anaphyrmis as the mollusci- 
vore and the number of snails in the untreated ponds 
(Table 1). 

Farmers’ Ponds 

After 5 months, every pond with T. placodon had sig- 
mficantly fewer (P < 0.05) snails than the ponds with- 
out the molluscivores (Table 2). 

DISCUSSION 

This study demonstrates that T. placodon has poten- 
tial as a biological control agent against S. mansoni and 
S. haematobium. In both the experimental and the rural 
farmers’ ponds, the reduction in snail populations in 
ponds treated with T. placodon was significant (P < 
0.05). Every pond with molluscivores had significantly 
(P < 0.05) fewer snails than ponds without mollusci- 
vores. Even more encouraging was the fact that the only 
ponds in which we did not detect snails were those that 
had been stocked with T. placodon. 

Despite the above advantages of using T. placodon, we 
consider the results preliminary. Further trails will be 
needed to confirm the possible role of molluscivorous 
fish in controlling schistosomiasis and to answer 
broader practical questions. For example, the failure to 
completely eliminate snails in some of the treated ponds 
raises questions about the epidemiological significance 
of a few snails that survive predation. Some studies 
have shown that chances for snails to become infected 
by Schistosoma spp. might improve at a low snail den- 
sity (Appleton, 1983). The reduction of populations in 

TABLE 1 

The Effect of Maravichromis anaphyrmis (Molluscivore) on 
Snails in Ponds at Bunda College, Malaii, after a 4-Week 
Period 

Treatment 
and pond number 

Average number of Bulinus spp. 
(snails/m’)” 

Initial (SD) Final (SD) 

M. anaphyrmis 
2 12.0 (6.10) 10.7 (6.80) 
4 11.0 (6.23) 21.3 (8.26) 
6 10.4 (4.04) 12.9 (5.59) 
7 13.6 (5.72) 16.7 (7.65) 

Control 
1 15.3 (8.01) 17.3 (6.80) 
3 12.7 (8.85) 10.9 (3.56) 
5 6.2 (5.34) 9.1 (6.38) 
8 8.0 (5.58) 5.3 (3.35) 

“The difference between initial and final snail number was not 
significant (P > 0.05, Mann-Whitney U); n = 5. 

TABLE 2 

The Effect of Trematocranus placodon (Molluscivore) on 
Snails in Rural Farmers’ Fish Ponds at Namikango, Malavii 

Treatment 

Average number of Bulks spp. 
(snails/m’)” 

and pond number 

T. placodon 

Initial (SD) Final (SD) 

2 
4 
5 

Control 

4.5 (4.40) 0 (0.0) 
24.3 (12.91) 1.1 (1.11) 

7.0 (5.30) 0.3 (0.47) 

1 4.3 (4.14) 8.5 (6.67) 
3 13.2 (7.19) 10.8 (6.67) 
4 7.7 (7.15) 13.45 (7.64) 

’ Ponds with T. placodon had significantly (P < 0.05, Mann-Whit- 
ney u) fewer snails than control ponds; n = 20. 

our investigations, however, should probably be below 
the optimal level for infection by miracidia (larval 
stages that initiate infection in snails). Another consid- 
eration regarding the few snails that survive a control 
program is that they can generate a population recov- 
ery. Even when molluscicides are used, however, hardy 
snails may persevere after most of the snail population 
has been destroyed (Dzik, 1983). The use of a facultative 
biological control ensures that the molluscivore is still 
present should recruitment of the Schistosoma spp. 
occur. 

We believe that the goal for the use of T. placodon 
should be to reduce populations of snail vectors of 
Schistosoma spp. This goal is realistic, and we agree 
with McCullough (1981) that the total elimination of 
snail vectors will probably never be achieved with biolog- 
ical control. Above all, reducing populations of snail 
vectors is realistic because there is no way to tell with 
available techniques and equipment whether all snails 
are eliminated from a natural habitat. As Brower and 
Zar (1984) have argued, accurate estimates of absolute 
density are difficult to obtain in aquatic environments. 
Nevertheless, available techniques are useful for demon- 
strating snail population trends. 

What does the goal of reducing snail populations 
mean in terms of human health benefits? For insect 
pest control programs, it is generally accepted that a 
useful biological control agent should at least keep a 
pest population at some equilibrium below the density 
causing economic damage (Flanders, 1966; Clarke, 
1970). The same objective can apply to snail control be- 
cause it does not seem necessary to exterminate a snail 
species to control its transmission of schistosomes (Van 
Schayck, 1986). Several field studies have demonstrated 
that the rate of infection of snails in endemic areas is 
characteristically low (Sturrock, 1973; Michella and Lo- 
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Verde, 1983). In some areas, snail infection rates of less 
than 3% have been recorded (Van Schayck, 1986). Such 
observations suggest that a high prevalence of schisto- 
somiasis in humans cannot be explained by a low infec- 
tion rate in snails, but rather by the high population of 
snail vectors (McDonald, 1965; van Schayck, 1986). 
Hence, reducing the population of snails should in prin- 
ciple result in the reduced transmission of schistosomes 
by snail vectors. This was demonstrated on Vieques Is- 
land, where the transmission of schistosome was con- 
trolled by keeping snail vector populations low with 
chemicals (Fergusson et al., 1965). Combining biological 
control of snails by fish with other environmentally com- 
patible techniques, such as weed removal and pond 
drainage between stocking seasons, also could be ad- 
vantageous. Because schistosomiasis in humans is 
closely linked with human behavior, health education 
also should be part of control programs for this disease 
(Teesdale, 1986). 
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