PART III Chapter 6

SNAIL CONTROL BY FISH

6.1

Prey selection by molluscivorous cichlids foraging on snail intermediate hosts of
schistosomiasis

Shortened version of: R. Slootweg (1987). Oecologia 74: 193-202, with additional data on
Astatoreochromis alluaudi.

A large section of the original publication in Oecologia was devoted to observations on
encounter rates and its implications for the understanding of the foraging model. For the
general understanding of the foraging experiments this information is less relevant and beyond
the scope of this thesis. The original paper did not contain information on 4. alluaudi, so more
recent observations on this species were added, confirming that A. alluaudi behaves similarly
to the other snail-eating cichlids from Lake Victoria.
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It has long been suggested that molluscivorous fishes can be used as biocontrol organisms of snails
that serve as intermediate hosts of trematode parasites such as Schistosoma spp. (Anderson & Gobert
1924). Although some promising results were obtained in small scale field trials, no attempts have
been made to formulate an effective method of using fish in biological control of snails (Slootweg
1985). The need for research in this field is well recognized (Hairston et al. 1975; McCullough 1981).

Since 1977 the Haplochromis Ecology Survey Team of the Research Group Ecological
Morphology at Leiden University, The Netherlands, has been studying the species distribution and
ecology of the haplochromine cichlid fish in the Mwanza Gulf (Tanzania) of Lake Victoria. Based on
stomach contents and morphology these cichlids can be classified into eleven trophic groups which
together utilize almost all food resources in the lake (Witte 1981 & 1984a). The species used in the
present study are molluscivores (snail-eaters). This trophic group has two subgroups: oral shellers and
pharyngeal crushers (Greenwood 1974).

e  Oral shellers wrench their prey from the shell by taking hold of the exposed soft parts and
shaking fiercely; the snail is extracted or torn apart.

e Pharyngeal crushers have a strong pharyngeal jaw apparatus which enables the fish to crush
snail shells. The shell fragments are usually separated and ejected after crushing (Hoogerhoud,

1987).

Some 20 species of snail-eating fishes have been caught in the Mwanza Gulf (Witte 1981;
Hoogerhoud 1986b). This diversity of snail-eating fishes provides an opportunity to study their
comparative potential as biocontrol organisms against snails. Several fish species have been brought to
the Zoologisch Laboratorium at Leiden, of which four were used for this study.

Optimal foraging theory can be an important tool in predicting the ability of snail-eating fish
species to reduce snail populations. To gain maximal fitness it is plausible that a fish will optimize its
foraging to be able to maximize its food intake. Major contributions to the understanding of fish
foraging behaviour under laboratory and field conditions have been made by Werner and co-workers
(review of optimal fish foraging: Townsend & Winfield 1985). Stein et al. (1984) examined how shell
thickness influences selection by a snail-eating sunfish, Lepomis microlophus. The authors used an
optimal foraging approach in which prey choice was related to energy and time cost/benefit (C/B)
ratios. Selection among snail genera was consistent with differences in shell strength and a time C/B
construct, operationally defined as handling time divided by prey dry mass. However, within any snail
genus neither shell strength (smallest snails had weakest shells) nor time C/B (largest snails had
minimal C/B) provided predictions consistent with results from experiments on selective predation.
Stein et al. concluded therefore that no size selection occurred within a genus.

The approach in the research described below is based on the classical or first generation
optimal foraging models (Krebs et al. 1983). The biomass intake per unit of handling time was
calculated from prey dry mass and prey handling time. A fish maximising its food intake should select
the prey items with highest reward in prey biomass per second handling time.

Experimental animals
Fish-species
For reasons given by Hoogerhoud (1984) the generic name Haplochromis is preferred to the
new generic classification as suggested by Greenwood (1980) for a number of species used in this
study.
The oral-shelling species used were Macropleurodus bicolor, and Haplochromis xenognathus.

Their diet consist mainly of prosobranche snails (mostly Melanoides tuberculata and Bellamya
unicolor) and insects (Greenwood 1974). Fryer & Iles (1972, p. 75) described M. bicolor as being able
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to crush snails orally, but I never observed this type of prey handling in more than 100 experiments in
tanks. Only the shell apertures were damaged by the oral shelling action. Although oral shelling is
thought to be their feeding strategy surprisingly all 'oral shellers' used in the experiments were well
able to crush smaller snails pharyngeally. It must be stressed, however, that the common prey species
in Lake Victoria have a higher crushing resistance than the snails used in the experiments.

Haplochromis ishmaeli and Astatoreochromis alluaudi are classified as pharyngeal crushers;
very occasionally these species also shell their prey. Their diet consists of prosobranch snails and
occasionally bivalves (Hoogerhoud 1986b).

All fishes were caught in the Mwanza Gulf (Tanzania) of Lake Victoria in January/February
1984, and flown to the laboratory in Leiden within 50 h. They were fed a combination of minced
heart, dry food, Tubifex and snails. All species bred successfully, but with three species only wild-
caught animals were used in the experiments. The experiments with A. alluaudi were performed in
1989 in the laboratory of the fishculture station of Gounougou in northern Cameroon. Here pond-bred
animals were used in tank experiments.

Snails

Biomphalaria glabrata, an intermediate host of Schistosoma mansoni in the Americas, was
reared on fresh lettuce in 200 | polypropylene transportation containers supplied with running tap
water at a rate of 200 I a day and with a 12 h light 12 h dark regime. Bulinus forskalii, an intermediate
host of S. intercalatum in Cameroon, was collected in the Gounougou irrigation scheme and used in
the experiments with 4. alluaudi.

Because of difficulty in extraction, the shells of B. glabrata had to be dissolved before the
shell and dry tissue mass could be calculated. The snails were first dried in a 60° C oven for 3 days and
weighed to the nearest 0.01 mg. The shells were then dissolved in 10% acetic acid for three days and
the bodies were dried and weighed again. B. forskalii snails could easily be extracted from their shells.

Size selectivity experiments
The relationship between handling time and snail size

Observations were made on isolated fish kept in 50x50x50 c¢cm tanks at 26° C. The fish could
see each other, which was most helpful in making them more cooperative. In experiments to determine
the relationship between handling time and snail size, snails were sorted into 0.5 mm size classes and
offered to the fish in random order of size, five per class. Handling time was defined as the time a fish
needs to crush a snail completely, to swallow it, and to eject the remaining shell fragments. Snail
length, defined as the maximum shell diameter or length, was measured to the nearest 0,1 mm and
handling times to the nearest 0.1s. Because satiation might influence the crushing time, observations
were made on hungry fish, and stopped before the animal could be satiated; the number of snails
necessary to satiate a fish had been determined previously. If handling times exceeded 4 minutes or
snails were rejected, no larger snails were offered.

Experimental set-up

Snails were divided into 1-mm size classes from 3 to 15 mm for B. glabrata. In order to study
the effect of the quantity of offered food on diet composition, snails were offered in quantities of 2, 5
and 10 per class. The total number offered at once per experiment was therefore 26 (2x13), 65 (5x13),
or 130 (10x13). Two snails per class is not enough to satiate an adult fish; 10 per class is more than
enough. B. forskalii snails were offered to A. alluaudi in 10 size classes between 4 and 14 mm, in one
density only (5 snails per size class).
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One experiment was carried out every day, hence starvation time before an experiment was

about one day. The fish were allowed to eat for 1.5 h, the maximum time spent foraging in previous
experiments, after which they showed no further interest. The remaining snails were recovered and
measured. Snails not recovered were considered to be crushed. From previous observations empty or
half-empty shells were scored as shelled orally. Experiments were repeated four or five times with
every fish for all three food levels. Five individual H. ishmaeli were tested, five M. bicolor, and five
H. xenognathus. The experiments with two 4. alluaudi were repeated 8 times.

The Spearman rank correlation coefficient was used to test relations between:

average yield in dry mass per second handling per size class vs. numbers of snails eaten per

size class;
numbers of snails orally shelled vs. snail density;
numbers of snails orally shelled vs. fish size.

Some series of experiments could not be completed because of the sudden death or illness of

some individuals; the incomplete data are given.
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Fig. 25: Haplochromis ishmaeli. Individual standard lengths (SL) are shown at top. Top
figures: snail dry mass obtained per s handling indicating snail size with highest reward per s.
Histograms depict number of snails eaten when offered 10 snails per size class per experiment
(upper row; results are the sum of 4 experiments per fish), 5 snails per size class per
experiment (middle row; sum of 5 experiments per fish), 2 snails per size class per experiment
(lower row; sum of 5 experiments per fish). Asterisks indicate a significant correlation
between snail dry mass obtained per second handling (top figures), and the number of snails
eaten when offered 10 snails per size class (except for SL 114, where results of 5 snails per
size class were tested). Spearman rank correlation coefficient, *P<0.05; **P<0.01.
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Results

The handling time versus snail length curves follow a single-logarithmic best fit regression
line (least squares, all highly significant). The mean snail dry tissue mass per size-class is divided by
the handling time as calculated from the regression line for every individual fish, in order to calculate
the biomass intake per unit of handling time for all snail sizes (Figs. 25-28, curves). All curves have a
maximum indicating the snail size with the highest reward per second crushing: a fish that maximizes
its intake rate per second should select those sizes.

H. ishmaeli (Fig. 25) were able to eat a wide size range of snails; only the largest were usually
not eaten. Selectivity increased with increasing numbers of prey offered. (Read histograms from
bottom to top for each individual fish.) For all five specimens the number of snails eaten per size class
significantly corresponds to the snail dry mass obtained per second handling for these size classes: the
fishes eat most of the most profitable snail size class.

The rank correlation for the 4. alluaudi of 106mm standard length (further referred to as
A.a.1006) eating B. forskalii snails is not significant (p=0.11) due to the steeply descending yield-curve
with snails larger than 11mm, while the fish still eats numerous snails from these size-classes.
Nevertheless, it is obvious that the fish eats most snails of the most profitable size-class (Fig. 26). For
A.a.107 the relation between yield per second handling and numbers of snails eaten is highly
significant (p < 0.01).
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Fig. 27: Astatoreochromis alluaudi feeding on Bulinus forskalii snails.

The feeding behaviour of the so-called oral shelling species deviated strongly from what was
expected; many more snails were crushed than shelled (Figs. 27 and 28). Even at the lowest prey
density, some fish did not shell a single snail (Macropleurodus bicolor, 117 mm, Haplochromis
xenognathus 107 mm). These fishes could not have been satiated after the experiment because the
number of snails eaten was insufficient.

With increasing number of snails offered, selectivity in crushing increases, as with H.ishmaeli.
Five out of eight actually shelling fishes shelled relatively fewer snails at higher snail densities (Figs.
27 and 28; P <0.05). In two out of three experiments, small M. bicolor shelled more snails than larger
specimens did (Fig. 27). For H. xenognathus this only applied for one series of experiments with 5
snails per class (Fig. 28). The "oral-shelling" species selected smaller snails and did not crush snails as
large as H. ishmaeli did.
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Fig. 27: Macropleurodus bicolor. As Fig. 25. A triangle indicates fish that orally shell fewer
snails at higher snail densities (Spearman rank correlation P<(.05). A dot indicates a series of

experiments (horizontal row) in which smaller fish shelled significantly more snails than did

larger ones (Spearman rank correlation, P<0.05)

Haplochromis xenognathus
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Fig. 28: Haplochromis xenognathus. As Figs. 25 and 27.
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Discussion

Comparison of prey-size selection and snail dry mass obtained per second handling shows that
the oral shellers display a behaviour similar to that of the pharyngeal crusher H. ishmaeli. Thirteen out
of fifteen tested fishes significantly selected snails according to the reward in dry mass per second
handling. The prey size class eaten mostly by M. bicolor and H. xenognathus is somewhat larger than
predicted. In the original version of this paper it is argued that the encounter rate might not be the
same for all size-classes of snails. According to the foraging model, this can influence the prey choice
of the fish. In additional experiments that were published in the original version (Slootweg, 1987),
encounter rates were actually counted and its was shown that the conclusion above remained valid; the
fishes indeed select prey items with highest yield per second handling time, and the fish can be
considered to forage optimally in this experimental set-up.

The observed prey choice of the molluscivorous cichlid species is remarkable in several ways.
In contrast with the results of Stein et al. (1984), who did not find size selection among snails of the
same genus for the sunfish Lepomis microlophus, the cichlids showed a size selection towards
maximal gain in biomass per second handling-time. The wild-caught fishes had hardly ever been able
to feed on Biomphalaria or Bulinus snails before they were brought into the laboratory. Although
species of Biomphalaria and Bulinus are found on the shores of Lake Victoria, densities are very low
compared to the common prosobranch snail species. Stomach contents of wild-caught fishes (Katunzi
1983; Witte and Hooger-houd, unpublished work.) suggest that the oral shelling species never crush a
snail pharyngeally in Lake Victoria, because the common snail species there are too hard. The fish
possibly have a genetically determined foraging behaviour, combined with rapid learning of
profitability of unknown snail species.

Mittelbach (1981) demonstrated the feasibility of developing a foraging model that predicts
the diet composition of different sizes of bluegill sunfish (Lepomis macrochirus; Centrarchidae)
foraging in three aquatic habitats. If the intake maximization premise also holds for other food items
for the snail-eating cichlids, it may also be possible to predict the diet composition of these fishes in
more natural habitats. This knowledge can be of great help in experiments to control snail intermediate
hosts of schistosomiasis with snail-eating fish.
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6.2 Proposed introduction of Astatoreochromis alluaudi, an East African mollusc crushing
cichlid, as a means of snail control

R. Slootweg (1989). Musee Royal de l'Afriqgue Centrale, Sciences Zoologiques 257: 61-64
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The first record of schistosomiasis, a hieroglyph in the Kalum papyrus, dates back to 1900 B.C. in
ancient Egypt. It lasted until 1851 before the responsible trematode worms were discovered by
Theodor Bilharz and another 50 years passed before the life cycle of the parasitical worms was
discovered by Manson in 1902, and Castellani in 1903. The sexual generation of adult schistosomes
live in the definitive vertebrate host; the asexual stage lives in the intermediate host, freshwater snails.
In the appropriate snail species, numerous free swimming cercariae are produced which are infective
to the vertebrate host. Approximately 250 million people are affected by the disease worldwide.

Schistosomiasis control

Control is based on the interruption of the parasite's life cycle and was in the past mainly
confined to snail control. Recently safe and reliable antischistosomal drugs have been developed, but
medication only is often unreliable due to the rapid reinfection of treated people in endemic areas.
Consequently snail control still forms an important part of schistosomiasis control strategies.

Several methods of snail control can be distinguished:

A: Environmental management. By changing the habitat it may become unsuitable for snails. This
method can be applied in artificial water bodies (e.g. irrigation systems) where vegetation clearing,
concrete canal lining, and high water velocities may reduce snail populations.

B: Mollusciciding, the most commonly used practice. Snails can be successfully eradicated for a
relatively short period (months). Application of molluscicides is therefore repetitive and hence
expensive. It seriously affects other aquatic organisms and can even be lethal to fish. Experiments
have been carried out with molluscicides derived from plants.

C: Biological control. In spite of several successful trials in the past, this control method has received
little attention. Most commonly used are predatory fishes and competitive snail species. In the next
section I shall discuss the possible introduction of the mollusc crushing cichlid Astatoreochromis
alluaudi, into artificial and semi-natural water bodies in the North of Cameroon.

Possible introduction sites

In the Benue river, a tributary of the Niger, a dam has been constructed near Garoua for the
generation of hydroelectricity and for large-scale irrigation works on the former flood plains
downstream of the dam. It is expected that with the formation of a permanent lake and the
development of irrigation schemes the proliferation of intermediate hosts of parasitic diseases will
increase.

Near the dam a fish culture station has been constructed where fry of a tilapia (Oreochromis
niloticus) is produced. This fry will be introduced into rainfed permanent pools on the former flood
plain. Since the yearly flooding and hence restocking with fish has stopped, these pools lost their
fisheries potential for local inhabitants. Restocking of these pools will restore this local
autoconsumption fishery. Experiments will be started on the combination of fish and rice culture in the
irrigation system. Together with this fish culture program an experimental program of biological snail
control will be carried out by introducing A. alluaudi together with O. niloticus. It is thought that with
the combined stimulus of economic gain (fish production) and decreased infection risk, the local
population is more motivated to cooperate.

10
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Proposed introduction of an exotic fish species

Literature studies did not reveal any suitable specialised snail eating fish species endemic to
the Benue/Niger river system (Slootweg, 1987). Many species do include snails in their diet but forage
in an omnivorous way. Before having reduced snail populations to a significantly lower level such
omnivorous fishes will already have switched to other food items. Therefore the introduction of a
specialised snail eater from Lake Victoria (and surrounding waters), already successfully used in field
trials, was proposed. The following reasons favour the proposed species:

1: Astatoreochromis alluaudi is a well investigated species, taxonomically unequivocally
distinguishable from the other Lake Victoria haplochromines (cf. Verheyen, 1989).

2: It has already been introduced in Cameroon (Bard & Mvogo, 1963), Kenya (McMahon et al, 1977),
and Ruanda (Snoecks, pers. comm.) as a means of snail control, in the first two cases with some
success. Adverse ecological impacts have never been recorded.

3: The fish inhabits shallow waters, especially those overgrown by reeds and papyrus. This is the
habitat of pulmonate snail species, intermediate host of schistosomiasis. The fish can survive under
low oxygen conditions in these swamp-like habitats, which is confirmed by laboratory experiments
(See, pers. com.).

4: Morphologically the fish can be classified as a pharyngeal crushing snail eater. With its enlarged
pharyngeal jaws the fish can crush shells of considerable resistance. Stomach contents of Lake
Victoria specimens showed that the fish feeds mainly on snails, when available. However, the fish is
able to survive on other food items (Hoogerhoud, 1986).

5: Pond experiments already showed that A. alluaudi (and other snail eating cichlids) can be
successfully reproduced in combination with several tilapia species, cultured for consumption (Mvogo
& Bard ,1964).

6: Last but not least; like many cichlid species, A. alluaudi is easy to handle and to breed. It is strong,
has a high temperature tolerance, and outbreaks of diseases hardly ever occur in captivity.

However, since the introductions of exotic species have already caused great ecological
disasters, every possible risk should be assessed in advance. Therefore the proposed introduction of A4.
alluaudi is evaluated with the help of a protocol described by Kohler & Stanley (1984) (Fig. 29).

Evaluation of the protocol

Box I: The hazards of schistosomiasis infection are well known and the absence of suitable local fish
species makes the introduction valid (1). A. alluaudi is not endangered in its native habitat (2). (In
Lake Victoria the fish lives in a habitat less threatened by the Nile perch, and it can also be found in
other areas in East Africa.) The fish are laboratory bred and selected before transportation, giving
safeguards against disease introduction (3). Although initially the experiments will be carried out in
ponds, the chance of escape can never be excluded (flooding, unintentional release). The answer here
is thus unclear (4).

Box II: The ability of the fish to survive under the riverain conditions in the Benue system can be
doubted. The conditions of this flowing water habitat differ widely from the lacustrine conditions in its
native habitat. Its reproductive strategy may not be suitable for this environment (cf. Goldschmidt
1989).

Box III: As mentioned before the earlier introductions in reservoirs and fish culture stations never had
adverse ecological impacts. The fish are anatomically best fitted to eat snails, although they

11
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occasionally also include insect larvae in their diet. No adverse ecological impacts are expected (1),
and I can not think of any hazard to man (2). The introduction of the fish can therefore be approved,
although safeguards will be taken to prevent the fish from escaping from the initial pond experiments.
A possible unforeseen ecological risk can be assessed through these experiments.

l Proposal for exotic species introduction ' DECISION BOX I
1. Are reasons for introduction valid?
- v [ [z

2. Is the exotic species endangered, threatened,

LEVEL OF REVIEW 1 or rare in its native range?
- NO YES | REJECTI
;' g::::ﬁ::: ;:'L?;:¥°:°'b'";'°d“c§'°"- 3. Would adequate safeguards be taken to guard
. P abundance in native against Introduction of disease and parasites?

range and current level of exploitation.
3. Determine potential for inadvertant in- - YES No REJE

troduction of diseases and parasites

s 4. Would the exotic species be maintained in a

4. Characterize site of proposed introduction. closed system with little chance for escapement?

NO OR UNCLEAR - YES

u APPROVE
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t 1. Based on all avallable information, do the benefits
of the exotic fish introduction out-weigh the risks?
UNCLEAR T
- ves o
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Fig. 29: Review and decission model for evaluating proposed exotic introductions (Kohler &
Stanley, 1984)

Conclusion

If the choice in snail control can only be out of two evils, namely using biocides or introducing
exotic biocontrol species, it is hard to speak of making the right choice. Compared to mollusciciding
the use of fish has some disadvantages, such as the limited number of habitats which can possibly be
controlled, and the lack of experience with this method. Advantageous are the reduced need of foreign
currency and the simplicity of the method which allows the involvement of the local inhabitants.
Taking into account the disastrous ecological impact of molluscicides, the use of fish deserves to be
explored as a helpful tool in the integrated control of schistosomiasis.
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6.3

The effects of molluscivorous fish, water quality and pond management on the
development of snail intermediate hosts of schistosomiasis in aquaculture ponds in North
Cameroon

R. Slootweg, P.A. Vroeg & S.J. Wiersma (1993). Aquaculture and Fisheries Management, 24:
123-128

The original version of this paper has been published as a short communication in Aquaculture
& Fisheries Management. The section on collection and elaboration of data appeared to be
difficult to follow, so the material & methods section of a more extended earlier version of the
manuscript was inserted.
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One of the possible negative side-effects of aquaculture in tropical areas is the spread of water-

related diseases, in particular schistosomiasis. Fish ponds can provide breeding sites for freshwater
snails transmitting schistosomiasis (Berrie, 1966). Scientific attention has long been concentrated on
the use of molluscicides as the most effective means of snail and schistosomiasis control. However,
molluscicides have limited use in aquaculture as they are expensive, hazardous to many other forms of
aquatic life including fish, and have to be applied regularly because of the rapid recolonization by
snails. This paper describes a study made on snail populations in an aquaculture station in Northern
Cameroon and their possible relation with water quality, pond management and cultured fish species.
Together with production experiments, the development of snail populations in the fish ponds has
been monitored during two years, and the biological control potentiality of two fish species has been
tested. The experiments are part of a larger programme on the integrated control of schistosomiasis in
the upper Benue valley of northern Cameroon (Slootweg, 1991).

Three species of fish were used in the pond experiments. The tilapia Oreochromis niloticus
(L.) was used for production experiments under different nutritional regimes. To control the excessive
reproduction by O. niloticus, the African catfish, Clarias gariepinus Burch., was introduced in several
experiments. C. gariepinus is also known to eat snails; based on stomach contents analyses of fish
caught in an irrigation scheme in Sudan, Coates (1984) suggested to use C. gariepinus in the control of
snail hosts of schistosomiasis. As a third species, the East African cichlid fish Astatoreochromis
alluaudi Pellegrin was introduced solely to test its capability to control molluscs (Slootweg, 1989). In
the literature A. alluaudi has often been recommended as a means of biological snail control, but the
number of actual field trials is very limited. One experiment in Kenya showed a significant reduction
in snail populations over a long period (McMahon, 1960; McMahon, Highton & Marshall, 1977),
although contradictory evidence is given by recent research (Kat & Kibberenge, 1990). One successful
experiment has been described from an aquaculture station near Yaoundé in Cameroon (Bard &
Mvogo, 1963; Mvogo & Bard 1964), but has never been repeated afterwards.

Material and methods

The aquaculture station of Gounougou (North Province, Cameroon) consists of 12 small ponds
(25 x 10 x 0.9m: 250 m? floor surface) used for production of fingerlings and storage, and 12 larger
ponds (35 x 15 x Im: 525 m?) for production experiments. Water supply to every pond can be
regulated separately by means of a supply-pipe and a concrete drainage monk. Pond experiments
lasted from 8 to 45 weeks. Between experimental cycles the ponds were routinely drained and dried
for at least one week to stimulate the decomposition of benthic deposits. The station is managed
intensively; all vegetation in and around ponds is cleared regularly and unauthorized visitors (except
cormorants and kingfishers) are kept outside by an iron fence. Snail sampling was carried out on a
monthly routine basis. Each pond was sampled for ten minutes by one person using a small net. In this
paper only the two most frequently occurring snail species are considered: Bulinus forskalii
(Ehrenberg) and Bulinus truncatus (Audouin).

Water quality: during the pond cycles the quantities of feed and fertilizer were adjusted according to
the growth rate of the fish. Therefore we distinguished only between presence or absence of the three
products used: brewery waste (used 46 times in 65 experiments), cotton seed cake (40/65), and cow-
manure (8/65). During the experiments the visibility and temperature were weekly measured at 8.00
am in every pond. Visibility, measured with a secchi-disc, is related to the quantity of suspended
particles and to the state of fertilization of a pond. In fish ponds a high turbidity is often caused by
algal bloom due to a high nutritional level.

Stocking density of fish: stocking densities of fish usually varied between 0.5/m? (adults) to 5/m?
(juveniles) for tilapia, and 0,1 - 2/m? for A. alluaudi and catfish. As tilapia production was the first
objective of the station these fish were always introduced in experiments. A. alluaudi and catfish were
introduced according to the experimental design. A. alluaudi was introduced 11 times and the catfish
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33 times in 71 experiments. Due to stocking losses (mortality and predation) it is very hard to give
exact estimates of the actual stock density at a given moment. Therefore initial stocking density, and
the presence or absence of a species in an experiment were used as a variable. As tilapia were always
present in the experiments, a distinction was made between the presence of adults (26 experiments) or
juveniles (39 experiments).

Ponds 1 - 12

120 snails per man-hour temperature (°C)
100 25
80 - o K - 20
60— : -1156
40— | ' -10
M )
T IR [P AIPMAN I X 1A
m89j j a s o n dj90f m a m j j a s o n dj91f m

I B. forskali [ IB. truncatus —<— temperature 8 h. am

Ponds 13 - 24

snails per man-hour temperature (°C)
30
100 25
80 20
60 16
40 10
20 5
0
m89j j a s o n djj90f m a m j j a s o n dj91f m

Fig. 30: total numbers of snails collected in ponds 1 to 12 (reproduction and storage) and
ponds 13 - 24 (production exper-iments) at the aquaculture station of Gounougou from March
1989 until March 1991, and the monthly average water temperature at 8.00 h in the morning.
Snail collections are expressed as the number collected per man-hour search-time.
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Elaboration of data. Since the size and management of the small ponds (1 to 12) and the large ponds
(13 to 24) differ considerably, the data were split up according to the pond-size used for the
experiment. The basic unit for statistical testing is one experiment per pond. Data on 79 experiments
were collected between May 1989 and March 1991. Complete sets of data on all variables are
available on 62 experiments; in 17 experiments one or more variables had to be treated as missing
values.

Every experiment has 8 numerical (1-8) and 6 binary variables (9-14):
Mean number of B. forskali.

Mean number of B. truncatus.

Visibility of secchi disc; mean over the experimental period.
Mean temperature at 8.00 h over the experimental period.
Length of the experiment (number of weeks).

Initial stocking density of tilapia (number/m?).

id. catfish

id. A. alluaudi

Presence (1) or absence (0) of adult tilapia.

10: Presence or absence of catfish.

11: id. A. alluaudi

12: Use of brewery waste as feed/fertilizer.

13: Use of cotton seed cake.

14: Use of cow manure.

WRNIN B

To test whether the numbers of snails were significantly correlated to the other numerical variables,
the Spearman rank correlation test was applied (table 8). Variables 9 - 14 were tested with the
binomial test, as explained in table 9 (Siegel & Castellan, 1988).

Table 8: Spearman rankcorrelation test on numerical variables (Ponds 1-12: number of
experiment is 36; ponds 13-24: number of experiments is 43).

B. secchi ~ Temp. duration  stocking stocking stocking
truncatus  disk 8.00 am density density density
0. C. A.
niloticus gariepinus  alluadi
B. forskalii r=0.24 =0.17 r=0.04 r=0.11 r=-.65 r=-.16 r=0.07
Ponds1-12  p=0.14 p=0.31 p=0.79 p=0.49 p=0.70 p=0.35 p=0.67
B. truncatus =0.07 r=0.12 r=0.12 r=41 r=-.15 r=0.16
Ponds 1 -12 p=0.68  p=0.45 p=0.45 p=0.02 p=0.35 p=0.33
B. forskalii r=0.51 r=-.14 =04 r=-.05 r=0.17 =11 r=0.27
Ponds 13-24  p=0.0004 p=032 p=0.81 p=0.78 p=0.29 p=0.48 p=0.07
B. truncatus r=-26 r=-21 r=0.03 r=0.41 r=0.07 r=-.07
Ponds 13 - 24 p=0.07 p=0.15 p=0.82 p=0.01 p=0.65 p=0.64

r = correlation coefficient; p = significance level; significance levels under 10% in bold italics.
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Results

The development of snail population throughout the experimental period are summarized in
figure 30. The results in the experiments show hardly any significant correlation between snail
densities and one of the variables concerning water quality, pond management and fish species (table 8
for numerical variables; table 9 for binary variables).

Water quality: B. forskalii does not relate to any of the environmental factors water turbidity, water
temperature, or type of pond fertilizer. Apparently, for this pioneering species the pond habitat is
suited to its establishment. B. fruncatus shows a little more dependency on water turbidity and type of
pond fertilizer. In ponds 13-24 B. truncatus is found more often in turbid water (table 8). We suppose
that nutrient level is the determinant factor for turbidity in fish ponds. The use of manure reduces the
number of B. truncatus in ponds 1-12 (table 9), but only 3 experiments in 30 included manure so this
result is not considered conclusive.

Presence of: A. alluaudi Clarias adult brewery cotton manure
Oreochromis waste seed cake

B. forskalii 38 36 36 30 30 30

Ponds 1-12 + 044 | - 049 | + 0.60 | - 0.59 | + 0.62 | - 0.52
B. truncatus 38 36 36 30 30 30

Ponds 1-12 + 025 | - 023 | + 0.60 | - 0.59 | + 0.13 | - 0.06
B. forskalii 48 42 40 36 36 36

Ponds 13-24 | + 0.16 | - 035 | - 040 [+ 022 | + 0.18 | - 0.22
B. truncatus 48 42 40 36 36 36

Ponds 13-24 | - 0.51 | + 040 | - 0.08 | - 043 | + 049 | + 043

Table 9: Binomial test; probability levels for binary sets of data. The binary variables were
sorted according to descending order of the snail density (numerical variable) shown in the left
column. The frequency of occurrence in the first half of the sorted array, was tested to the
expected frequency (i.e. the frequency in all trials).

Ho: the frequency in the first half of the array does not differ from the overall frequency.
Upper left: number of trials. Lower left: frequency higher (+) resp. lower (-) than predicted.
Lower right: probability

Pond management: Surprising is the absence of any relation between snail numbers and the length of
the experiment. One would expect that snails need some time to get established in a pond after it has
been drained and dried, but apparently this is not true. The most probable presence of aestivating snail
specimens in the mud can explain the rapid recolonization of the ponds after the start of a new fish
production cycle.

Fish species: No significant reductions in snail populations have been found with the introduction of
the specialized snail eating cichlid A. alluaudi, nor with C. gariepinus. The idea that A. alluaudi can
control snail populations is quite dramatically contradicted by the significant positive correlation
between B. forskalii snails and A. alluaudi in ponds 13-24 (table 8). Obviously A. alluaudi is able to
live on a diet different to its natural habitat, and apparently even prefers this diet to eating snails. The
lack of effect of C. gariepinus on snails can be explained by its habits. The fish is known to be an
opportunistic bottom feeder. In its natural habitat the fish randomly finds prosobranch snails on the
bottom. Pulmonate snails (all African snail hosts of schistosomiasis are pulmonate) usually are surface
dwellers, not descending further than 25 cm. The fish simply does not meet the snails. Unfortunately
Coates (1984) did not mention the species of snails found in the stomachs of C. gariepinus caught in
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irrigation systems in Sudan. Remarkably the only influence on snails by fish could be shown with
adult O. niloticus on B. truncatus, although it must be stressed that sufficient numbers of snails are
remaining to allow schistosomiasis transmission. In ponds 1-12 we found a negative correlation
between B. truncatus snails and density of O. niloticus (table 9). In ponds 13-24 higher stocking
density correlates significantly to a higher snail density, which at first sight is in contradiction with the
aforementioned reduction. An explanation for this phenomenon can be found in the experimental set-
up. In production ponds (13-24) adult fish are always stocked in lower densities than juveniles,
whereas in the storage ponds (1-12) adults can be found in higher densities. Hence, only the adults
have a reducing effect on B. truncatus populations. This observation corresponds to the significant
reduction in B. truncatus snails in presence of adult tilapia in ponds 13-24 (table 9).

Conclusions

In the aquaculture station of Gounougou in North Cameroon it appeared to be very difficult to
prevent the establishment of snails in fish ponds. Even in ponds with hardly any vegetation, high
stocking densities of fish, regular drainage and drying, and in the presence of known snail-eating
fishes, snails establish themselves without being significantly affected. To be able to show some
relationship with factors that might influence snail populations, we raised the level of significance to
10%. This is not considered to be very convincing. Briefly, the reasons for failure of the mollusc
crushing cichlid Astatoreochromis alluaudi can be found in the spatial distribution of snails, and in the
foraging behaviour and anatomy of the fish. Competition in its original habitat, Lake Victoria, forces
the fish to forage on hard-shelled prosobranch snails; compared to wild caught fish, the aquaculture
specimens showed a reduction in size of the pharyngeal jaws and in strength of the pharyngeal jaw
muscles (used to crush the snails shells). The foraging efficiency and prey choice will consequently be
irreversibly altered (e.g. Slootweg, 1987; chapter 6.4 of this book).

It looks as if the presence of snails is inevitable in fishculture ponds. In view of this
assumption it is interesting to speculate on the relation between B. truncatus (the most important host
of urinary schistosomiasis) and water turbidity. If we consider water turbidity under pond conditions
as an indicator of the nutritional level of a pond, turbid water having more food available for the fish,
then snail control is incompatible with fishculture under optimal conditions. In other words, the risk of
having snails in ponds increases when quality of nutrition and fish production levels are increased.
This is in accordance with the literature where there seems to be consensus that food availability is one
of the crucial factors determining population densities of snails (Brown, 1980: ch.11).

Taking these considerations into account, evidently one should strongly oppose to the
introduction of communal village fish ponds in schistosomiasis prone areas, unless measures are taken
to fence the ponds from the villagers (especially children!). It is recommended to include a health
assessment in the planning phase of an aquaculture development project, because with proper
measures centred around the prevention of snails becoming infected and reduction of water contacts,
the risk of schistosomiasis transmission can be minimized.
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6.4 The biological control of snail intermediate hosts of schistosomiasis by fish

R. Slootweg, E.A. Malek & F.S. McCullough (1993). Reviews in Fish Biology and Fisheries
4: 67-90.
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An estimated 200 million people are infected world-wide by the five known species of human

schistosomes, trematode worm parasites which are transmitted by freshwater snails of the genera
Bulinus (Schistosoma haematobium in Africa and the Middle East, and S. intercalatum in Central
Africa), Biomphalaria (S. mansoni in Africa, Caribbean region and South America), Oncomelania (S.
Jjaponicum in the Far East) and Tricula (S. mekongi in South East Asia) (Jordan & Webbe,1982). The
resulting disease, schistosomiasis (or bilharzia), causes significant morbidity to man. Several other
snail-transmitted trematode parasites (e.g. Fasciola spp.) infect domestic animals and can cause
economic loss.

Efforts to reduce the morbidity and adverse economic impact caused by the parasites are
presently centred around the health care facilities where the use of effective single-dose medicines can
contribute significantly to the control of schistosomiasis. However, the rapid reinfection that often
occurs after treatment and the high cost of repeated medication has tempered expectations of the
efficacy of medication campaigns on longer term. Actions to reduce the risk of transmission by
controlling the intermediate hosts often remain necessary. Snail control can be realised by means of
(1) application of molluscicides, (2) habitat modification (e.g. removal of vegetation, concrete lining
of irrigation canals, etc.), and (3) biological control. Molluscicides have the disadvantage of being
expensive and unspecific (e.g. Corbet et al., 1973); they also kill fish and other useful organisms such
as competitors of snails (Hairston et al., 1975), and therefore cannot be used in aquaculture ponds
(Slootweg et al., 1993) or places where fish are introduced to control mosquitoes. Habitat modification
is of limited applicability, usually only in man-made environments. Against this background, the
present paper focuses on the biological control of freshwater snails.

The influence of fish on the invertebrate fauna, snails in particular, cannot be denied. Louda et
al. (1985) and McKaye et al. (1986) have shown that predation by molluscivorous cichlids is a
significant factor in the distribution of Lake Malawi gastropods. Brown & DeVries (1985) state that
fish predators can dramatically alter the population dynamics of a single snail species, although in
their research, predation pressure never reached levels where snails were completely eradicated from
their environment. Palmer (1979) and Vermeij & Covich (1978) give evidence that the evolution of
snails with elaborate shell sculpture is largely induced by fish predation.

Michelson (1957), Malek (1958), Berg (1973), Ferguson (1978) Hairston et al. (1975), and
McCullough (1981a) have reviewed and discussed methods of biological snail control, but there does
not exist as yet a critical review of the empirical material available from actual field and/or laboratory
trials on the use of fish as a biological control agent. In this paper we will review the role of fish in
snail control. Special attention will be paid to one particular species that has often been mentioned in
the literature as a possible candidate for biological control. Several well documented field studies with
varying degrees of success exist which will be discussed extensively. Furthermore, new
ecomorphological data on the pharyngeal jaw apparatus of the fish will be presented. The reasons for
failure of this fish in snail control will be discussed from an ecological and morphological viewpoint.
Finally we will summarize the remaining possibilities and research questions in snail control by fish
that need to be addressed in future.

A review of the use of fish in snail control

Table 10 summarizes research on snail-eating fish since 1945. It must be noted that the table is
not exhaustive with respect to stomach contents research (field observations category), since we
limited our literature search to the relation between fish and snail populations. This also explains the
bias towards literature dealing with Africa. Most publications deal either with laboratory or with
limited field studies. Fish species which eat snails in laboratory aquaria, or wild-caught fish which
stomachs contain snails, are not automatically suitable candidates for snail control. Many species
mentioned in Table 10 are opportunistic feeders; within the limits of their mechanical feeding
capacities they will eat anything available and do not necessarily specialize on snails. Fish species
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which tend to specialize on snails are: Protopterus annectens (the lungfish, Lepidosirenidae),
Mylopharyngedon piceus (the black carp, Cyprinidae), some species of the families Mochokidae and
Tetraodontidae, Lepomis microlophus (the shellcracker sunfish, Centrarchidae), and the cichlids
(Cichlidae) Astatoreochromis alluaudi, Serranochromis mellandi, some 20 species of the genus
Haplochromis from Lake Victoria, and Trematocranus placodon and several other species of cichlids
from Lake Malawi.

Ten field trials were reported to be successful in reducing snail populations (DeBondt &
DeBondt Hers, 1952; Andrade, 1959, 1962, 1968; Bard & Mvogo, 1963; Carothers & Allison, 1986;
Motta & Gouvea, 1971; McMabhon et al., 1977; Gilbert in: McCullough, 1981b; Leventer, 1981;
Daffalla et al., 1985; Chiotha et al., 1991 a). Four of these field trials (Bard & Mvogo, 1963; Mvogo &
Bard, 1964; Gamet et al., 1964; Carothers & Allison, 1968; Daffalla et al., 1985; Chiotha et al, 1991a)
were preceded by laboratory observations, as proposed in the World Health Organization's scheme for
screening and evaluating the efficacy and safety of biological agents for control of disease vectors
(WHO, 1975 in: McCullough 1981a). The results of noteworthy trials are briefly described below.

1. Cyprinidae: Mylopharyngodon piceus, Israel

An example of successful integrated biological control in water reservoirs in Israel is given by
Leventer (1981), who introduced several cyprinid fish species to control all biological components
simultaneously; e.g. silver carp (Hypophtalmichtys molitrix) vs. phytoplankton, grass carp
(Ctenopharyngodon idella) vs. submerged plants, black carp (M. piceus) vs. snails, common carp
(Cyprinus carpio) vs. insect larvae. With regard to two of these targets, submerged plants and snails,
"the biological treatment achieved optimum results". Much knowledge of this type of fish polyculture
exists in China, where aquaculture occupies a significant role in the country's overall food production
strategy (Zweig, 1985). Also in other Asian countries the combined culture of rice and fish is wide-
spread. Rice yields may increase from 5% to 100% through fish, making plant nutrients available to
the rice crop. Blom (1983) suggested using molluscivorous fish in combination with rice-culture to
control schistosomiasis vector snails, analogue to the successfully introduced mosquito fish, Gambusia

affinis.
2. Centrarchidae: Lepomis microlophus, Puerto Rico

The food preference of the shellcracker sunfish, Lepomis microlophus has been tested in the
laboratory by Carothers & Allison (1968). This species highly preferred snails above other food items
such as mosquito larvae and dragonfly nymphs. Their voracious snail-eating habits was demonstrated
in artificial ponds where within a single day the fish could almost eradicate populations of Physa sp.
and Lymnaea sp. Possible evasive behaviour of the snails after the introduction of the fish was not
taken into account; according to the authors remaining snails could sometimes be seen on floating
vegetation.

Fingerlings of the fish were introduced in aquaculture ponds near Aibonito, Puerto Rico.
There were no B. glabrata snails in the pond, and when these snails were introduced twice weekly (in
unknown quantities) for 32 months they were unable to establish themselves, indicating that the snails
were continuously consumed by the fish (Ferguson, 1978). These results are weakened by the lack of
control experiments to prove that the snails were able to survive and reproduce in the ponds in absence
of the sunfish.

Since 1959, L. microlophus has been introduced into about 50 Puerto Rico farm ponds and
five lakes. According to the authors the sunfish was an effective predator of snails, and bred well in
lakes Guajataka and Garzas, but was apparently decimated by species of Tilapia in lakes Loiza,
Caonillas and Dos Bocas. In lake Guajataka the sunfish contributed to the control of Biomphalaria,
but apparently did not harm well-established colonies of other snails such as Marisa cornuarietis and
Thiaria granifera (Ferguson, 1978). Another factor favouring the use of L. microlophus is that it is a
much appreciated game and food fish (Erdman, 1984). Observations by Osenberg (1989) puts doubts
on the efficacy of L. microlophus; he states that in the fishes' natural habitat in Michigan, snail
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production is more limited by the availability of food for snails than by the predation pressure of L.
microlophus.

3. Cichlidae: Serranochromis mellandi, Zaire

DeBondt and DeBondt Hers (1952, 1955, 1956) and DeBondt (1956a, 1956b) reported great
success with the local Serranochromis mellandi (Cichlidae) (identified in 1952 as Serranochromis
macrocephala, in later publications named Haplochromis mellandi and ultimately named S. mellandi,
for an update on the nomenclature of African cichlids see Daget et al., 1991) in fish ponds in Southern
Zaire. This fish is also considered to be good for consumption. Several types of water bodies were
stocked with fish in experiments that started in 1949 and lasted at least until 1956.

1) A pond of about 400m?, densely populated with Bulinus (Physopsis) and Biomphalaria snails,
was stocked with S. mellandi. After one month 87% of a fish sample had eaten snails. After
two months this percentage decreased to 44%. Thereafter the fish switched to other food items
and reproduced successfully. After this initial experiment more Tilapia production ponds were
stocked with S. mellandi keeping the ponds free of snails.

i) Rice-cultures stocked with S. mellandi were "seemingly free of molluscs", while control fields
contained many snails (DeBondt, 1955).

1i1) In irrigation canals, overgrown with Potamogeton and with dense snail populations, snails
disappeared after introduction of the fish. If one fish was released at every meter, the canals
were free of snails within eight days; one fish at every 10 meters made the snails disappear
within a fortnight.

iv) Introduction of snail-eating fish can also be beneficial to the fish culture itself. A Tilapia
culture infected with Diplostomum was freed of this trematode fish parasite after the
introduction of S. mellandi; the intermediate snail host was eradicated, and fish production
came back to normal levels (DeBondt, 1956a).

The experiments with this snail-eating species were part of a fish culture program; no detailed
studies on the population dynamics of the snail hosts were carried out. Nevertheless the reduction of
snail populations by the fish cannot be doubted, considering the difference between the introduction
and the control experiments.

4. Cichlidae: Trematocranus placodon and other molluscivores from Lake Malawi

In Lake Malawi some 20 endemic species of snail eating cichlids can be found, some of which
have been tested in recent laboratory and field trials (Chiotha & McKaye, 1986; McKaye et al., 1986;
Chiotha et al., 1991ab). In experiments in the lake, McKaye et al. (1986) showed that in open sand
habitat where cages prohibited predation by fish, the density of snails increased 40-60% within a
week. However, when the molluscivorous cichlid 7. placodon (earlier described as Cyrtocara
placodon) was placed in the cage, snail densities equalled the controls outside the cage. Stomach
contents revealed that 7. placodon consumed disproportionally more snails of the genus Bulinus
relative to those of the more heavily armoured genus Melanoides. Open shore areas of Lake Malawi
may be relatively free of schistosomiasis because molluscivorous cichlids prevent the snail vector
from invading these areas.

Experiments in cement ponds with two molluscivorous species (Chiotha et al., 1991a) showed
that after four weeks in presence of 7. placodon (1 individual per 3 m2) the numbers of snails (Bulinus
spp. and Lymnaea spp.) dropped significantly, although in 10 out of 14 ponds snails remained present;
there was no significant difference, however, between the number of snails in ponds treated with
Maravichromis anaphyrmis as the molluscivore, and the number of snails in the untreated ponds. In 3
earthen ponds, snail numbers dropped dramatically over a five month period after the introduction of
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Trematocranus placodon. The authors do not indicate if the molluscivorpus fish were wild-caught or
pond-reared and if the results could be maintained over a longer period. It is not clear if the fish can be
reproduced under pond conditions.

5. Cichlidae: haplochromines from Lake Victoria

Another area where specialized snail eating fishes can be found is Lake Victoria. Surveys by
Greenwood (1974, 1981) and Witte & van Oijen (1990) showed that some 21 species of specialized
snail-eating haplochromine cichlids live in the lake, all having different niche-requirements.
Differences among species can be found in the way of feeding (pharyngeal-crushing vs. oral-shelling),
depth range (shallow vs. deep-water species) and substrate type (sand, mud, rocks) (Witte, 1981). In
the mid-eighties the number of cichlids in Lake Victoria has dramatically been reduced by the
introduction of the predatory Nile perch (Lates niloticus), therefore it is not sure how many species
(originally ca. 300) have survived (Witte et al., 1992). Several of these molluscivorous species have
been studied under laboratory conditions by Hoogerhoud, (1986a&b; 1987; 1989) and by Slootweg
(1987) with the explicit intention of finding a suitable candidate for snail control purposes.

The studies presented in this chapter and in Table 10 give the impression of being registrations
of secondary results of research having a different primary goal, such as water supply, fish production,
and ecological studies. Although there is general agreement that fish can affect snail populations
directly or indirectly, especially the unsystematic character of the experiments on control of snails by
fish has precluded the growth of a consistent body of knowledge. This is reflected in the scientific
literature where researchers are repeatedly urged to perform systematical research into this matter (e.g:
Blom, 1973; Hairston et al., 1975; McCullough, 1981b; Roberts & Sampson, 1987). One species has
been extensively investigated in field trials on three occasions in two different countries (Cameroon
and Kenya), i.e. the East African haplochromine cichlid Astatoreochromis alluaudi. These trials will
be discussed in greater detail below. Welcomme (1988) gives 4 other countries (C.A.R., Zaire, Congo,
Zambia) where A4. alluaudi has been introduced, but no written accounts are available in scientific
literature.

Biology of Astatoreochromis alluaudi

This fish is common to Lakes Victoria, Kioga, Nabugabo, Edward, George, Kachira and
Nakavali and to adjoining rivers (Greenwood, 1959; Fryer & Iles, 1972; p.102). Like other
haplochromines, A. alluaudi is a substratum spawning and mouth-brooding species; large adult
females (100mm SL) on average produce 170 eggs (Goldschmidt, 1989), which after spawning are
taken into the buccal cavity until several weeks after hatching. 4. alluaudi does not appear to have a
breeding season; in Lake Victoria this species is predominantly found in the littoral zone (Witte, 1981)
and feeds mainly on the thick-shelled mollusc Melanoides tuberculata by crushing the shells with its
pharyngeal mill (Greenwood, 1981; Hoogerhoud, 1986a). The pharyngeal jaw is thick and armed with
stout, flat crowned teeth. The muscles used for crushing shells are well developed. Field observations
on A. alluaudi in Lake Victoria and surrounding smaller lakes showed that specimens caught in areas
without M. tuberculata snails had less developed pharyngeal jaws (Greenwood, 1965, Hoogerhoud,
1986b). The degree of hypertrophy of the pharyngeal jaw apparatus depends on inclusion of M.
tuberculata in its diet (Greenwood, 1965; Hoogerhoud, 1989; Witte et al., 1990). Based on these
results Barel et al. (1991) and Hoogerhoud (1986b, 1989) postulate the hypotheses that 4. alluaudi in
competition with an anatomically better adapted insectivorous fish species would be forced in early
ontogeny to feed on less profitable items, i.e. snails. The resulting hypertrophy of the pharyngeals
would make it progressively less efficient to feed on insects. Laboratory experiments with the snail
crushing cichlids Haplochromis ishmaeli and A. alluaudi raised on Biomphalaria glabrata snails show
that fish feeding throughout their ontogeny on this thin shelled schistosomiasis host only develop
slightly hypertrophied jaws compared to fish raised on soft minced meat, but compared to Lake
Victoria specimens the jaws are of the reduced type (Overbeek, 1986). So not only eating of snails but
also the hardness of the shell determines the level of hypertrophy of the pharyngeal jaws.
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Field trials on snail control with A. alluaudi
Yaoundé, Cameroon

Some well described field experiments were performed in the South of Cameroon, in Kenya,
and recently in the North of Cameroon. Wild caught A. alluaudi have been taken from Uganda to the
South of Cameroon where pond trials near the capital of Yaoundé¢ have been carried out which showed
that snails were effectively controlled, and that 4. alluaudi could be successfully cultured together
with Oreochromis niloticus (=Tilapia nilotica) (Bard & Mvogo, 1963; Mvogo & Bard, 1964; Gamet,
Brottes & Mvogo, 1964). Two basins (85 m?) were stocked with about 1600 O. niloticus; one basin
was additionally stocked with 4. alluaudi. At the moment of stocking the sides of both basins were
covered with snails (Biomphalaria camerunensis and Lymnaea africana). After three months both
basins were emptied. The one with 4. alluaudi did not contain any snail whereas the other was still full
of snails. 4. alluaudi had reproduced successfully among O. niloticus and stomach content analyses
revealed that A. alluaudi was able to live on other food items. The experiments described cover only
one fish production cycle; it is not known if the technique was used for a longer period and if this
successful snail control was repeated more often. In 1987, A. alluaudi could not be found anymore in
aquaculture stations in Cameroon (Hamling, pers. comm.).

Nyanza Province, Kenya

McMabhon (1960) and McMahon et al. (1977) conducted an experiment in water impounded
by earth dams for local water supply in Nyanza Province, Western Kenya. Control of the snail hosts of
schistosomiasis was attempted in 1955 by introduction of 4. alluaudi. Other species were introduced
to control weed growth (Tilapia zillii and Oreochromis leucostictus, both Cichlidae). One reservoir
was left as a comparison reservoir without any introduction of fish. Assessment of snail density was
carried out both before and after introduction of fish, over a total period of 15 years. The data
indicated that 4. alluaudi did reduce the numbers of some species of snails, particularly Biomphalaria
pfeifferi and, to a lesser extent and with less certainty, Bulinus spp. The other two introduced fish
species, Tilapia zilli and O. leucostictus, were not associated with reduction in snail numbers, and no
information is given about their influence on aquatic vegetation. According to the authors, there can be
no doubt that in this study Biomphalaria pfeifferi formed the principal diet of A. alluaudi, although
they do not give any data on stomach contents. The data given by the authors are not very conclusive,
but this experiment is especially valuable as it is the first example of a quantitative approach with a
detailed study on snail populations over a longer period of time. Unfortunately no information is given
by the authors on stocking densities or on survival and reproduction rates of the fish.

In 1986/87, Kat & Kibberenge (1990) have revisited eight of these dam sites in order to see
whether A. alluaudi was still present and to assess the effect on snail populations. In five sites the fish
was recaptured; in one case it was the most abundant species. Nevertheless, Biomphalaria as well as
Bulinus snails were found in similar numbers in test sites as compared to control sites without A4.
alluaudi. From every dam site several fish were collected in order to study the dentition of the
pharyngeal jaw apparatus. All specimens showed the reduced type of pharyngeal jaws, described by
Greenwood (1965) for aquarium raised fish. This reduction is of course quite important for the long-
term applicability of the fish for snail control; it will be discussed more fully later on.

North Cameroon

A second field trial with 4. alluaudi in Cameroon started in 1988. The possible risks of
introducing this exotic species in Cameroon was assessed according to the protocol for exotic species
introduction by Kohler & Stanley (1984) (Slootweg, 1989a); no foreseeable risk was determined. In
1988, 500 laboratory-raised fish were transported to a fish-culture station in Gounougou, situated in
the Benue valley of the Northern province of Cameroon, in order to perform field experiments
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(Slootweg, 1989ab; 1991ab; Slootweg et al., 1993). To be able to effectively control snails two criteria
were used to evaluate the field trials:

1) The fish have to be readily available for stocking of snail infested water bodies, implying
that reproduction in the breeding ponds should be rapid, preferably throughout the year. Furthermore,
the fish must reproduce in the target habitats if these are of a permanent nature.

2) In order to stop schistosomiasis transmission, snail populations must at least be decimated,
if not entirely eradicated. One of the difficulties in interpreting the possible reduction in snail
populations, is that until now we do not know the threshold of the snail population below which
transmission of schistosomiasis is interrupted. Therefore, a certain species of fish may drastically
reduce the snail numbers, however, transmission of the disease is still possible. To our knowledge, no
study has attempted tackling this question in great detail.

Results on pond trials in the aquaculture station of Gounougou with 4. a/luaudi in
combination with Clarias gariepinus and Oreochromis niloticus showed that neither C. gariepinus nor
A. alluaudi had any influence on resident snail populations in ponds (Slootweg et al., 1993). In fact,
only a minor but significant reduction in snail numbers could be shown in presence of adult O.
niloticus, an omnivorous fish. The authors concluded that fish culture under good nutritional regimes
enhances growth and reproduction of snails. Because of a lack of competition for food even the so-
called molluscivorous fish prefer to eat "easier" food items, readily available in fish ponds.

A second observation from the pond experiments was that the rate of reproduction of 4.
alluaudi was very low and cannibalism probably caused high mortality among juveniles. Over a 14
month period, 95 adult specimens (about half being female) produced only 1195 juveniles. Mortality
among juveniles in stocking ponds could reach 72% over a seven month period.

Three field trials gave additional evidence that the fish was not capable of controlling snails
(Slootweg 1989b). (1) After the introduction of 50 adult 4. alluaudi in an enclosed section of a
drainage canal, weekly snail sampling did not reveal significant differences between numbers of snails
in the enclosed section and the adjacent section without fish. (2) In a rainfed pool with large numbers
of Lymnaea natalensis and Bulinus globosus snails, 200 juvenile 4. alluaudi were introduced. Snails
were sampled weekly before and after introduction, but no noticeable effect was measured over a four
month period. 3) In an experiment on combined rice/fish-culture 240 A. alluaudi were introduced
together with 1200 O. niloticus on a 0.25 ha rice-field just after the replanting of rice-seedlings. The
rice-field was surrounded by refuge trenches 100 cm wide and 50 cm deep. After three months, 98 4.
alluaudi were recaptured. Also 3 juveniles were found indicating that reproduction had taken place.
From an aquacultural point of view this introduction was a reasonable success since farmers were
pleased with the amount of tilapia produced (53 kg). During the experiment a population of B.
forskalii snails developed, following a pattern similar to other rice fields.

A number of 4. alluaudi, born and raised in the aquaculture station of Gounougou, were
preserved in formaldehyde and shipped to the Netherlands, where the pharyngeal jaws and muscles
were studied and compared to laboratory-raised and wild-caught individuals. These results have not
yet been published and will be presented in this paper. The main skeletal element of the pharyngeal
jaw apparatus is the lower pharyngeal element (LPE). Hoogerhoud (1986b) found that the horn width
of the LPE is a good measure to differentiate between animals with a hypertrophied and a reduced
LPE. The muscle complex attached to the LPE, the musculus levator externis 4 and the musculus
levator posterior (mLE4/LP), were removed, dried and weighed (muscular and skeletal names
according to Anker, 1978, and Barel et al., 1976).

In figure 31 the lower pharyngeal element and the muscle complex mLE4/LP are drawn for
two typical A. alluaudi of the same neurocranial length, a wild-caught Lake Victoria specimen and a
laboratory-reared specimen, to illustrate to what extent the pharyngeal apparatus can be reduced. For
the hornwidth of the lower pharyngeal element, the aquaculture specimens from Cameroon fall within
the range of least hypertrophied animals from the mollusc-free lakes (figure 32). Data on the
dryweight of the muscle complex that operates the lower pharyngeal element show a similar reduction
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in muscle size. The morphological measurements from the aquaculture specimens reveal that the
pharyngeal jaw apparatus is not adapted to processing snails, suggesting that the fish do not eat snails
in the Cameroonian experiments.

LPE dorsal view LPE ventral view LPE lateral view mLE4/mLP complex

Lake Victoria specimen
{NL=16.4 mm)

5mm

Tank reared“specimen
(NL=16.5mm)

Fig. 31: Lower pharyngeal element (LPE) and muscle complex operating on the LPE of a
wild-caught Lake Victoria specimen and a laboratory reared specimen of Astatoreochromis
alluaudi (Overbeek, 1986). (All drawings to the same scale; abbreviations: NL = neurocranial
length; mLE4 = musculus levator externis 4; mLP = musculus levator posterior; E4 =
epibranchial 4; hw = hornwidth). Compared to the Lake Victoria specimen, the "tank-reared"
specimen shows (1) a reduction in the size of the pharyngeal teeth (LPE dorsal view), (2) a
more straightened central suture (LPE ventral view), (3) a more slender outer shape of the jaw,
(4) the hornwidth of the LPE is reduced (dorsal, ventral and lateral view), and (5) the volume
of muscles attached to the horn of the LPE (mLE4/mLP complex) is reduced.

Reasons for failure of Astatoreochromis alluaudi
1. Reproduction

Tilapiine cichlids, such as the mouthbrooding Oreochromis niloticus, are well known in fish-
culture as species which reproduce easily in ponds. Usually the reproduction is so excessive that
special measures have to be taken to prevent fish from breeding. Therefore it is surprising that the
mouthbrooding haplochromine cichlid 4. a/luaudi performs so badly in ponds. It is true that the
numbers of eggs carried by Oreochromis females can be four to twenty times higher than by 4.
alluaudi (Trewavas, 1983, reports 3700 eggs in a 57cm SL female of O. niloticus, compared to 170 for
A. alluaudi as reported by Goldschmidt, 1989), but this does not fully explain the low numbers of
offspring in the latter. An O. niloticus can produce a brood every two months; our laboratory
observations indicate that A. alluaudi only produces between two and three broods per year. In his
field experiments DeBondt (1956a) had separated couples of the mouthbrooding riverine cichlid
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Serranochromis mellandi. The number of eggs carried by females varied from 110 to 366. After 10
months on average 297 juveniles were produced per couple. If each of the £50 female A. alluaudi that
were introduced in the aquaculture station in North Cameroon would have produced one brood, the
number of juveniles would be 8500, which is seven times higher than the number actually recorded
over a 14 months period. Cannibalism and predation by birds may have contributed to a reduced
number of juvenile fish. Summarizing the results one may conclude that 4. alluaudi is not a suitable
candidate for large scale biological control activities where large numbers of fish have to be produced
and introduced into water reservoirs. Especially where repeated introductions are necessary, such as in
temporary reservoirs, the low reproductive success is a constraint.
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Fig. 32: Reduction of the pharyngeal jaw apparatus in Astatoreochromis alluaudi, reared in
the aquaculture station of Gounougou, North Cameroon. Data on hornwidth and regression
lines of animals from Lake Victoria and Lakes without snails are taken from Hoogerhoud
(1986a); muscle weight data of Lake Victoria specimen were provided by J.D. Smits of the
Department of Ecological Morphology of Leiden University (N.B: measurements on
hornwidth and dryweight are taken from different specimen).

2. Foraging behaviour and prey choice

Using a foraging model, the prey choice of a wide range of animal species searching for food
has been explained and could with a certain reliability even be predicted. (For a review on foraging
models see Stephens & Krebs, 1986.) In the most simple foraging model the parameters energetic prey
content (E), handling time (=searching time plus processing time = Ht) and encounter rate (1) have to
be known. When offered a choice of different prey types, these preys can be classified according to
their profitability, defined as energetic yield per unit of handling time: E/Ht. According to the average-
rate maximizing model, a forager will, upon encounter, always accept the type of prey with highest
profitability (type 1). The prey type rating second in energy yield will only be accepted if the total
energy yield when foraging on both prey types is larger than the yield when only type 1 prey is
chosen. Mathematically this can be described as in inequality 1:
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Written differently it shows that the encounter rate with the highest yielding prey must be lower than a
threshold before prey type 2 will be included:
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1 2

In other words, the acceptation of a lower-ranked prey type is not influenced by its own
density but by the density of the higher ranking prey type only. Laboratory experiments with various
species of snail-crushing cichlids indicate that these fish behave according to the average-rate
maximizing model preferring the prey type with highest profitability when offered a range of different
sizes of snails (Slootweg, 1987). For other snail eating fish this model has also been applied with
partial success (Stein et al., 1984; Mittelbach, 1984). Furthermore, when offered a combination of
insect larvae and snails in a situation where density is no constraint (excess of preys), insect larvae
have a higher E/Ht ratio, and hence are the most profitable prey type (Zoetemeyer, unpublished data).
Snails will thus only be eaten when the encounter-rate with insects is below the threshold defined in
inequality 2. For field conditions this implies that the willingness of the snail crushing fish to actually
eat snails does not depend on the amount of available snails but on the amount of other, more
profitable food items. Especially in aquaculture situations the amount of food will not be a limiting
factor, because fish have to be produced at the highest possible growth rate and "easy" food (i.e. of the
most profitable type) is provided in abundance. If fish forage optimally, they will in this case never
switch to eating snails. This observation corroborates with the hypothesis cited above that in Lake
Victoria the fish only specialize on snails under the pressure of heavy competition with other species
of cichlids that are specialized in handling other food items.

From prey selection experiments where a molluscivorous cichlid, Trematocranus placodon,
chose thin-shelled Bulinus intermediate host snails of schistosomiasis over hardshelled Melanoides
snails, McKaye et al. (1986) draw the conclusion that this species would be a selective feeder on
disease transmitting snails, and thus a suitable candidate for biological vector control. Following the
logic of the foraging model this prey choice is understandable since the hardshelled Melanoides has a
longer handling time and consequently a lower yield per second handling time compared to Bulinus
snails. This does not imply however, that the fish will choose Bulinus when other more profitable prey
items are available.

3. Phenotypic plasticity of the pharyngeal jaw apparatus

The absence of hypertrophy in the pharyngeal jaw apparatus of the fish reduces their
capability to crush snails. This does not imply that they are not able to eat snails but that handling
times for the crushing of snails will increase, especially for larger snails (Slootweg, pers. obs.).
Following the foraging model, the encounter rate with more profitable prey types must decrease even
further before snails are included in the fishes' diet.

The combination of optimal foraging theory and functional morphology of the pharyngeal jaw
apparatus makes us understand the initial partial success of A. alluaudi in Kenya where later
observations showed that the fish had no influence at all on snail densities, even in reservoirs where
fish were still abundant. The introduced fish were wild-caught animals from Lake Victoria with almost
certainly hypertrophied pharyngeal jaws. The initial reduction in snail numbers was caused by this
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wild-caught generation. In due course this generation has been replaced by next generations with less
developed jaws. Competition for food in the artificial reservoirs might be low compared to Lake
Victoria because they lack an endemic fish fauna. The hardshelled Melanoides tuberculata or similar
snails do not occur in these reservoirs, thus the necessary conditions to develop a hypertrophied jaw
apparatus are absent. The resulting omnivorous fish is capable of eating snails, but does not specialize
on snails and consequently also does not search for them. Similar differences in prey choice between
animals with hypertrophied and reduced pharyngeals were observed in other polymorphic cichlid
species. Meyer (1989), studying the trophically polymorphic cichlid Cichlasoma citrinellum, observed
that the molariform morphs (with stout pharyngeal teeth) was able to crack snails that were twice as
hard as those cracked by the papiliform morph (reduced type). Liem & Kaufman (1984) studied the
prey preference of two morphs of C. minkleyi in competition, one having reduced and the other
hypertrophied pharyngeal jaws. In an abundant food situation the fish were omnivorous whereas a
lowered food availability polarized the feeding behaviour in accordance with their pharyngeal jaw
phenotype; the hypertrophied fish specialized on snails.

Probably the phenomenon described above also affected experiments in the Yaounde
(Cameroon) fish-culture station where one successful trial was described (Bard & Mvogo, 1963). For
this trial also wild-caught 4. a/luaudi were imported from Lake Victoria. After the initial success, the
fish was never heard of again.

4. Snail ecology

Other factors reducing the efficacy of snail-eating fish are the spatial distribution of snails and
the snails' reproductive capacity. Except for the Oriental intermediate hosts of S. japonicum, all other
schistosomiasis snail hosts are pulmonate snails, dependent of oxygen-rich water near the surface.
Usually they are found at the fringes of a water reservoir or on floating vegetation. Although 4.
alluaudi and some other molluscivorous cichlids are shallow water animals, behavioural studies and
the high detritus content of their stomachs indicate that they are bottom feeders (Katunzi, 1983; Kat &
Kibberenge, 1990). McKaye et al. (1986) suggest that open shore areas of Lake Malawi are relatively
free of schistosomiasis because the bottom dwelling intermediate host snails are selectively controlled
by molluscivorous fish. Snails hidden in vegetation near the surface can easily escape this kind of
predation, so less open shore areas with aquatic vegetation can be potential sites of schistosomiasis
transmission.

The reproductive capacity of snails is enormous; research suggest that the number of
offspring is not a limiting factor in the colonization of habitats. Eisenberg (1966) changed densities of
a pond snail, Lymnaea elodes, to 1/5 and 5 times the initial density. In the next generation, the
numbers of snails in the three treatments were equal, regardless of the number of snails in the parental
generation, indicating that the numbers of snails very rapidly reach the carrying capacity of the habitat
and that reproduction is not a limiting factor. After addition of food, the numbers of snails increased
immediately, indicating that food is the limiting factor. Thus, even if a predator is capable of eating
large numbers of snails, the population levels may not be lowered to any significant degree.

5. Transmission dynamics of schistosomiasis

For the Sahelian and part of the Soudanian region of Africa another important factor limits the
possible use of fish as a biological control agent against schistosomiasis host snails. The most
important intermediate hosts of vesical schistosomiasis in this semi-arid region are Bulinus
senegalensis and B. globosus, two species being capable of aestivating in humid mud and surviving
periods of drought. When the rainy season starts, surviving snails rapidly recolonize water reservoirs
that serve as transmission sites for the following weeks or months. Clearly it is difficult and
economically unfeasible to stock all of these seasonal reservoirs with fish.
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Prospects of the use of fish in snail control

In the preceding section reasons for the failure of Astatoreochromis alluaudi in snail control
are given. Other species of molluscivorous haplochromines will also fail to control molluscs for the
same reasons. Many examples of intraspecific variability within the family of Cichlidae are known
(Witte et al.(1990) for Lake Victoria haplochromines; Kornfield & Taylor (1983), Liem & Kaufman
(1984) and Meyer (1987; 1989) for Southamerican cichlids; Cataldi et al. (1988) and Kornfield (1991)
for Oreochromis species, etc.), Therefore it is likely that the reduction of the pharyngeal jaw apparatus
is not limited to 4. alluaudi only. Overbeek (1986) has already shown a similar reduction in the
pharyngeal jaw apparatus of the mollusc crushing cichlid Haplochromis ishmaeli. Problems related to
reproduction and foraging behaviour will probably not differ much among the other lacustrine
molluscivorous cichlids from Lake Victoria. Therefore, it is does not seem advisable to invest further
research efforts in this group from Lake Victoria. Molluscivorous cichlids from other African Lakes
and/or rivers that may seem suitable candidates for biological snail control should be carefully studied
with respect to reproduction and phenotypic plasticity.

Other species of possible snail-controlling fish from Table 10 are unsuitable as well, either
because of their omnivorous foraging behaviour or because they are bottom feeders. They appear to be
effective against snails in tank experiments, but under field conditions they prefer to forage on other
prey items, as explained by the foraging model. However, several examples of snail control by fish
from the literature cannot be neglected. The shellcracker sunfish, Lepomis microlophus, successfully
controlled snails in Puerto Rico, but from the available data it is not clear whether schistosomiasis
transmission was interrupted. A renewed visit to the lakes where this species has been introduced,
such as has been done in Kenya, can give valuable additional information. Caution must be taken
when revisiting these Puerto Rican reservoirs because on this island the competitive snail Marisa
cornuarietis has successfully been introduced in the biological control against Biomphalaria glabrata
(Jobin & Laracuente, 1979; also see Pointier & McCullough, 1989 and Gomez Perez et al., 1991).

The black carp, Mylopharyngodon piceus, was effective in controlling nuisance snails,
obstructing water meters and irrigation equipment in artificial reservoirs in Israel (Leventer, 1981).
The method of fish culture and integrated control as applied in Israel is restricted to a limited number
of environments and requires an advanced level of knowledge on aquaculture and limnology.
Especially on the African continent where aquaculture is not wide-spread, such knowledge is often not
available. However, more research on the reproduction methods and usefulness of this species in snail
control seems justified, especially in relation to aquaculture.

Most convincing field evidence comes from Zaire where the riverine cichlid Serranochromis
mellandi was successful in controlling molluscs in fish ponds, irrigation canals and rice fields. The
fish successfully reproduced in fish ponds, although numbers of offspring were relatively low. The
level of reduction in snail population was such that transmission of schistosomiasis was seriously
hampered. Unfortunately no recent information is available on this species; the latest publication dates
back to 1956. The author of the early publications on S. mellandi still is convinced that this species has
much potential in the biological control of snails (DeBondt, pers. com.). The renewed attention for
aquaculture in Africa can hopefully stimulate further research into this species which can be found in
Lakes Bangweulu (Zambia) and Mweru (Zaire) and certain rivers in South Central and South West
Africa (Fryer & lles, 1972).

The more recent experiments that were performed in Malawi with the cichlid fish
Trematocranus placodon gave some encouraging results. However, as the authors already indicated, it
is difficult to assess wether the reduction in snail population is sufficient to reduce schistosomiasis
transmission. We suggest that additional pond experiments with different stocking densities, changes
in feeding regimes, and clearing of vegetation might lead to higher reductions in snail density. It is
also necessary that questions pertaining to the reproduction of fish and phenotypic plasticity will be
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answered. Keeping the high risk of schistosomiasis transmission in aquaculture in Africa in mind, we
hope the authors will be able to continue the valuable experiments on 7. placodon.

From the available evidence it has become clear that if fish are to be used in snail control, it
should be limited to permanent habitats and in combination with other control measures. The role of
fish must be seen as part of an integrated approach where habitat alterations and appropriate water
management can reduce snail breeding and refuge sites, and where natural or introduced competitors
and predators put further pressure on snail populations. Studies on the population dynamics of snails
have shown that the availability of food is often the major constraint (Eisenberg, 1966; Brown, 1980;
Thomas et al., 1983). Schayck (1986) has shown that the introduction of the Chinese grass carp,
Ctenopharyngodon idella in irrigation canals in Egypt had a significant effect on the reduction of snail
populations. Clearing of aquatic weeds reduces the amount of food and also exposes snails to
predators that might be naturally present (e.g. McKaye et al., 1986). Even if these predators are
omnivorous their contribution in the reduction of snail populations might be considerable if the
environment is made more hostile to snails. Future research activities should concentrate on this area
of integrated research, rather than hoping to find a fish predator of snails that will fully eradicate
intermediate hosts of schistosomiasis in all potential transmission sites.

Acknowledgements

Jan Smits of the department of Ecological Morphology provided the measurements on the
pharyngeal jaws and muscles of the aquaculture fish. Marlene van Overbeek made the drawings in
figure 31. Dr Wouter de Groot and Dr Frans Witte critically reviewed the manuscript. Mr A. Liman,
director of MEAVSB, and Mr Hamahadji Kombo, chef of the Gounougou Fishculture Centre, are
acknowledged for their support in Cameroon. The field study was financed by the Dutch Directorate
General for International Cooperation and realized under the responsibility of the MEAVSB (Mission
d'Etude et d'Aménagement de la Vallée Supérieure de la Bénoué) in Garoua, Cameroon.

References

Andrade, R.M. (1959). The problem of schistosomiasis mansoni in the artificial lake of Pampulha,
Belo Horizonte, Minas Gerais, Brasil. Revista Brasileira de Malariologia e Doencas
Tropicais, 11, 653-674.

Andrade, R.M. (1962). Ecology of Australorbis glabratus in the artificial lake of Santa Lucia, Belo
Horizonte. Spontaneous disappearance. Revista Brasileira de Malariologia e Doengas
Tropicais, 14, 29-62.

Andrade, R.M. (1968). Nota ecologica sobre o Lago da Pampulha (Belo Horizonte, MG), com especial
referencia aos planorbideos (Pulmonata, Planorbidae). Revista Brasileira de Malariologia e
Doencgas Tropicais, 21, 59-116.

Andrade, R.M. & Antunes, C.M.F. (1969). Combate biologico: Tilapia melanopleura Dumerill versus
Biomphalaria glabrata (Say) em condi¢des de laboratorio. Revista Brasileira de Malariologia
e Doencas Tropicais, 21, 49-58.

Anker, G. Ch. (1978). The morphology of the head-muscles of a generalized Haplochromis species: H.
elegans Trewavas 1933 (Pisces, Cichlidae). Neth. J. Zool., 28, 234-271.

Bard, J. & Mvogo, L. (1963). Note d'information sur '4Astatoreochromis alluaudi poisson
molluscophage utilisable dans la prophylaxie de la bilharziose. Bull. Soc. Path. Exot., 56, 119-
124.

Barel, C.D.N., Witte, F.W. & van Oijen, M.J.P. (1976). The shape of skeletal elements in the head of a
generalized Haplochromis species: H. elegans Trewavas 1933 (Pisces, Cichlidae). Neth. J.
Zool., 26, 163-265.

Barel, C.D.N., Ligtvoet, W., Goldschmidt, P.T., Witte, F. & Goudswaard, P.C. (1991). The
Haplochromine cichlids in Lake Victoria: an assessment of biological and fisheries interest.

33



A Multidisciplinary Approach to Schistosomiasis Control in Northern Cameroon

In: M.H.A. Keenleyside (ed.). Cichlid fishes, behaviour, ecology and evolution. London/New
York: Chapman & Hall. Chapter 13: pp 258-279.
Berg, C.D. (1973). Biological control of snail-borne diseases: a review. Exp. Parasit., 33, 318-330.
Blache, J. (1964). Les poissons du bassin du Tchad et du bassin du Mayo Kebbi. Memoires ORSTOM,
4, 483 pp.
Blom, P.S. (1983). Rice land fisheries in the tropics. Abstracts on Tropical Agriculture, 9, 9-19.
Bowmaker, A.P. (1968). Some upper Congo fish which offer a means of biological control of the snail
vectors of bilharziasis. Proceedings and Transactions of the Rhodesia Scientific Association,

52, 28-37.
Brown, D.S. (1980). Freshwater snails and their medical importance. London: Taylor & Francis. 350
pp.

Brown, K.M. & DeVries, D.R. (1985). Predation and the distribution and abundance of a pulmonate
snail. Oecologia, 66, 93-99.

Carothers, J.L. & Allison, R. (1968). Control of snails by the redear (shellcracker) sunfish. In:
Proceedings of the FAO World Symposium on Warm Water Pond Fish Culture (ed. by T.V.
Pillay). FAO Fisheries Reports, 44, 399-406.

Cataldi, E., Crosetti, D., Conte, G., D'Oridio, D. & Cataudella, S. (1988). Morphological changes in
the oesophageal epithelium during adaptation to salinities in Oreochromis mossambicus, O.
niloticus and their hybrid. J. Fish Biol., 32, 191-196.

Chiotha, S.S. & McKaye, K.R. (1986). Possible biological control of schistosomiasis (Bilharzia) by
Lake Malawi molluscivores. Luso: J. Sci. Tech. (Malawi), 7, 11-24.

Chiotha, S.S., McKaye, K.R. & Stauffer Jr., J.R. (1991a). Use of indigenous fishes to control
schistosome snail vectors in Malawi, Afrca. Biological Control, 1,316-319.

Chiotha, S.S., McKaye, K.R. & Stauffer Jr., J.R. (1991b). Prey handling in Trematocranus placodon, a
snail-eating cichlid fish from Malawi. Ichtyol. Explor. Freshwaters, 2, 203-208.

Coates, D. (1984). A survey of the fish fauna of Sudanese irrigation systems with reference to the use
of fishes in the management of ecological problems (the control of aquatic weeds, malaria and
infective schistosomiasis). Fisheries Management, 15, 81-95.

Corbet, P.S. (1961). The food of non-cichlid fish in the Lake Victoria basin, with remarks on their
evolution and adaptation to lacustrine conditions. Proc. Zool. Soc. Lond., 136, 1-101.

Corbet, S.A., Green, J. & Betney, E. (1973). A study of a small tropical lake treated with the
molluscicide Frescon. Environmental Pollution, 4, 193-206.

Daffalla, A.A., Elias, E.E. & Amin, M.A. (1985). The lungfish Protopterus annectans (Owen) as a
biocontrol agent against schistosomiasis vector snails. J. Trop. Med. Hyg., 88, 131-143.

Daget, J. (1954). Les poissons du Niger Supérieur. Mémoires de l'Institut Frangais d'Afrique Noire,
36, 391 pp.

Daget, J. Gosse, J.-P., Teugels, G.G. & Thys van den Oudenaerde, D.F.E. (1991). Checklist of
freshwater fishes of Africa (CLOFFA). Volume IV. Bruxelles: ISBN, Tervuren: MRAC,
Paris: ORSTOM.

DeBondt, A.F. (1955). Premiers essais de rizipisciculture a la station de recherches piscicoles
(Katanga). Bulletin Agricole du Congo Belge, 46, 1550-1553.

DeBondt, A.F. (1956a). Controle biologique des mollusques d'eau douce et des maladies qu'ils
transmettent. Ann. Soc. Belge Med. Trop., 36, 667.

DeBondt, A.F. (1956b). Lutte contre les mollusques dans les eaux africaines. Bulletin Agricole du
Congo Belge, 47, 337-380.

DeBondt, A.F. & DeBondt Hers, M.J. (1952). Mollusc control and fish farming in Central Africa.
Nature, 170, 323-324.

DeBondt, A.F. & DeBondt Hers, M.J. (1956). Haplochromis mellandi Blgr. poisson malacophage
(Fam. Cichlidae). Revue de Zoologie et de Botanique Africaines, 53, 370-376.

Eisenberg, R.M. (1966). The regulation of density in natural populations of the pond snail, Lymnaea
elodes. Ecology, 47, 889-906.

Erdman, D.S. (1984). Exotic fishes in Puerto Rico. In: Distribution, biology and management of exotic
fishes (ed. by W.R. Courtenay Jr & J.R. Stauffer Jr), pp. 162-176. Baltimore/London: John
Hopkins University Press.

34



Roel Slootweg

Ferguson, F.F. (1978). The role of biological control agents in the control of schistosome-bearing
snails. Atlanta G.A: U.S. DHEW Public Health Service, Center for Disease Control. 107pp.

Fryer, G. & lles, T.D. (1972). The cichlid fishes of the great lakes of Africa. Their Biology and
Evolution. Edinburgh: Oliver & Boyd. 641 pp.

Gamet, A., Brottes, H. & Mvogo, L. (1964). Premiers essais de lutte contre les vecteurs des
bilharzioses dans les étangs d'une station de pisciculture au Cameroun. Bull. Soc. Path. Exot.,
67, 118-120.

Goldschmidt, P.T. (1989). An ecological and morphological fieldstudy on the haplochromine cichlid
fishes (Pisces, Cichlidae) of Lake Victoria. Thesis, Leiden University. 170 pp.

Gomez Perez, J., Vargas, M. & Malek, E.A. (1991). Displacement of Biomphalaria glabrata by
Thiaria granifera under natural conditions in the Dominican Republic. Mem. Inst. Oswaldo
Cruz, Rio de Janeiro, 86, 341-347.

Graber, M. Euzeby, J.A. & Gevrey, J.P. (1981). Lutte biologique contre les mollusques vecteurs de
bilharziose. Action prédatrice de Tilapia rendalli Boulenger et Sarotherodon mossambicus
Peters a I'égard de Biomphalaria glabrata Say. Hydrobiologia, 78, 253-258.

Greenwood, P.H. (1959). The monotypic genera of cichlid fishes in Lake Victoria. Part I1. Bull. Br.
Mus. (Nat. Hist.), 5, 7-177.

Greenwood, P.H. (1965). Environemental effects on the pharyngeal mill of a cichlid fish,
Astatoreochromis alluaudi, and their taxonomic implications. Proc. Linn. Soc. Lond., 176, 1-
10.

Greenwood, P.H. (1974). The cichlid fishes of Lake Victoria, East Africa: the biology and evolution of
a species flock. Bull. Br. Mus. (Nat. hist.), Zool. Suppl., 6, 134 pp.

Greenwood, P.H. (1981). The Haplochromine fishes of the East African lakes: collected papers on
their taxonomy, biology and evolution (with an introduction and species index). Miinchen:
Kraus International Publications. 839 pp.

Hairston, N.G., Wurzinger, K.-H. & Burch, J.B. (1975). Non-chemical methods of snails control.
WHO/VBC/75.573, Geneva: World Health Organization. 29 pp.

Holden, M.J. (1970). The feeding habits of Alestes baremose and Hydrosynus forskali in Lake Albert,
East Africa. J. Zool. (Lond.), 161, 137-144.

Hoogerhoud, R.J.C. (1986a). Ecological morphology of some cichlid fishes. Thesis, Leiden University,
the Netherlands. 133 pp.

Hoogerhoud, R.J.C. (1986b). The ecological and taxonomic aspects of morphological plasticity. Ann.
Mus. Roy. Afr. Centr. Sc. Zool., 251, 131-134.

Hoogerhoud, R.J.C. (1987). The adverse effects of shell ingestion for molluscivorous cichlids,a
constructional morphological approach. Neth. J. Zool., 37, 277-300.

Hoogerhoud, R.J.C. (1989). Prey processing and predator morphology in molluscivorous fishes.
Progress in Zoology, 35, 19-21.

Hora, S.L. (1952). Control of molluscan fauna through the culture of Pangasius pangasius (Hamilton).
Curr. Sci., 6, 164-165.

Jobin, W.R. & Laracuente, A. (1979). Biological control of schistosome transmission in flowing water
habitats. Am. J. Trop. Med. Hyg., 28, 916-917.

Jordan, P. & Webbe, G. (1982). Schistosomiasis. Epidemiology, treatment and control. London:
Heinemann Medical Books. 361 pp.

Kat, P. & Kibberenge, M. (1990). An evaluation of biological control of snail intermediate hosts of
schistosomiasis by the molluscivorous fish Astatoreochromis alluaudi. Utafiti, 3, 6-12.

Katunzi, E.F.B. (1983). Seasonal variation in the food of a molluscivorous cichlid Haplochromis
sauvagei Pfeffer 1896. Neth. J. Zool., 33, 337-341.

Kohler, Ch.C. & Stanley, J.G. (1984). A suggested protocol for evaluating proposed exotic fish
introductions in the United States. In: Distribution, biology and management of exotic fishes
(ed. by W.R. Courtenay Jr & J.R. Stauffer Jr), pp. 387-406. Baltimore/London: John Hopkins
University Press.

Kornfield, I. (1991). Genetics. In: In: M.H.A. Keenleyside (ed.). Cichlid fishes, behaviour, ecology
and evolution. London/New York: Chapman & Hall. pp. 103-128.

Kornfield, I. & Taylor, J.N. (1983). A new species of polymorphic fish, Cichlasoma minckleyi, from
Cuatro Cienegas, Mexico (Teleostei: Cichlidae) Proc. Biol. Soc. Wash., 92, 253-269.

35



A Multidisciplinary Approach to Schistosomiasis Control in Northern Cameroon

Lagrange, E. (1953). La lutte contre les planorbes. Ann. Soc. Belge Med. Trop., 33, 227-236.

Lagrange, E. (1964). Le cyprin doré (Carassius auratus) mangeur de Australorbis glabratus. Rivista
Parassitologia, 25, 244-251.

Lauzanne, L. (1972). Régimes allimentaires des principales espéces de poissons de I'archipel oriental
du Lac Tchad. Verh. int. Verein. Limnol., 18, 636-646.

Leitar, J. (1956). Biologie et écologie des mollusques vecteurs de bilharziose a Jadotville. Ann. Soc.
Belge Med. Trop., 36, 921-1036.

Leventer, H. (1981). Biological control of reservoirs by fish. Bulletin of Fish Culture in Israel, March
1981, 3-23.

Liem, K.F. & Kaufman, L.S. (1984). Intraspecific macroevolution: functional biology of the
polymorphic cichlid species Cichlasoma minckleyi. In: Echelle, A.A. & Kornfield, I. (eds.).
Evolution of fish species flocks. Orono Ma: Univ. Maine Orono Press, pp. 203-215.

Louda, S.M., Gray, W.N., McKaye, K.R. & Mhone, J.M. (1985). Distribution of gastropod genera
over a vertical gradient at Cape McLear, Lake Malawi. The Veliger, 25, 387-391.

McCullough F.S. (1981a). Biological control of the snail intermediate hosts of human Schistosoma
spp.: a review of its present status and future prospects. Acta Tropica, 38, 5-13.

McCullough, F.S. (1981b). Appraisal of the potential of the use of fish for control of disease vectors
other than mosquitos. TDR/BCV/IC.81.2/WP.22. Geneva: World Health Organization. 9 pp.

McKaye, K.R., Stauffer, J.R. & Louda, S.M. (1986). Fish predation as a factor in the distribution of
Lake Malawi gastropods. Exp. Biol., 45, 279-289.

McMabhon, J.P. (1960). Preliminary observations on the control by fish of snails and mosquitos in
dams. Annual Report for 1959 of the East African Fisheries Organisation. Jinja, Uganda.
Appendix K, 41-46.

McMabhon, J.P., Highton, R.B. & Marshall, T.F. (1977). Studies on biological control of intermediate
hosts of schistosomiasis in Western Kenya. Env. Cons., 4, 285-289.

Mahdi, M.A. & Amin, M.A. (1966). An attempt to control bilharziasis by fish. Hydrobiologia, 28, 66-
72.

Malek, E.A. (1958). Factors conditioning the habitat of bilharziosis intermediate hosts of the family
Planorbidae. Bull. Wrld. Hith. Org., 18, 785-818.

Meyer, A. (1987). Phenotypic plasticity and heterochrony in Cichlasom manguense (Pisces, Cichlidae)
and their implications for speciation in cichlid fishes. Evolution, 4, 1357-1369.

Meyer, A. (1989). Cost of morphological specialization: feeding performance of the two morphs in the
trophically polymorphic cichlid fish, Cichlasoma citrinellum. Oecologia, 80, 431-436.
Michelson, E.H. (1957). Studies on the biological control of schistosome bearing snails. Predators and
parasites of freshwater molluscs: A review of the literature. Parasitology, 47, 413-426.
Mittelbach, G. (1984). Predation and resource partitioning in two sunfishes (Centrarchidae). Ecology,

65, 499-513.

Miyashita, M. Tanaka, H. & Shirasaka, A. (1977). Studies on the biological control of an intermediate
host of Trematoda by tropical fishes. Japanese Journal of Sanitary Zoology, 28, 291-300.

Motta, J.G. & Gouvea, J.A.G. (1971). Utilizagad de Astronotus ocellatus (peixe) no controle biologico
da Biomphalaria glabrata. Gazette de Médicina da Bahia, 71, 55-58.

Mozley, A. (1953). A background for the prevention of bilharzia. London: H.K. Lewis and Co., Ltd.
77 pp.

Mvogo, L. & Bard, J. (1964). Seconde note d'information sur 1'Astatoreochromis alluaudi poisson
malacophage utilisable dans la prophylaxie de la bilharziose. Bull. Soc. Path. Exot., 57, 21-23.

Oliver-Gonzalez, J. (1946). The possible role of the guppy, Lebistes reticulatus on the biological
control of schistosomiasis mansoni. Science, 104, 605.

Osenberg, C.W. (1989). Resource limitation, competition and the influence of life history in a
freshwater snail community. Oecologia, 79, 512-519.

Overbeek, M. van (1986). Vormplasticiteit van het pharyngeale kaakapparaat van twee molluscivore
cichlidensoorten, Astatoreochromis alluaudi en Haplochromis ishmaeli, onder invloed van een
voedselfactor. Department of Ecological Morphology, P.O.Box 9516, 2300 RA Leiden, the
Netherlands. 31 pp.

Palmer, A.R. (1979). Fish predation and the evolution of gastropod shell sculpture: experimental and
geographic evidence. Evolution, 33, 697-713.

36



Roel Slootweg

Pointier, J.-P. & McCullough F.S. (1989). Biological control of the snail hosts of Schistosoma
mansoni in the Caribbean area using Thiaria spp. Acta Tropica, 46, 147-155.

Roberts, R.J. & Sampson, D.R.T (1987). Data sheet on biological control agents: Tilapiine fish.
WHO/VBC/87.945 Geneva: World Health Organization. 14 pp.

Schayck, C.P. van (1985). Laboratory studies on the relation between aquatic vegetation and the
presence of two bilharzia-bearing snail species. Journal of Aquatic Plant Management, 23, 87-
91.

Schayck, C.P. van (1986). The effect of several methods of aquatic plant control on two bilharzia-
bearing snail species. Aquatic Botany, 24, 303-309.

Slootweg, R. (1987). Prey selection by molluscivorous cichlids, foraging on a schistosomiasis vector
snail, Biomphalaria glabrata. Oecologia (Berlin), 74, 193-202.

Slootweg, R. (1989a). Proposed introduction of Astatoreochromis alluaudi, an East African mollusc
crushing cichlid, as a means of snail control. Ann. Mus. Roy. Afr. Centr., Sc. Zool., 257, 61-64.

Slootweg, R. (1989b). Lutte expérimentale contre la schistosomiase. Compte-rendu des activités de
recherche pendant la période d'avril 1988 au mois d'avril 1989. Rapports du Projet
Pisciculture, 19, MEAVSB, B.P. 17, Garoua, Cameroon.

Slootweg, R. (1991a). Water resources management and health: general remarks and a case study from
Cameroon. Landscape and Urban Planning, 20, 111-114.

Slootweg, R. (1991b). Rappport final du volet santé. Controle integré de la schistosomiase a
Gounougou: réussites et échecs. Rapports du Projet Pisciculture, 46, MEAVSB, B.P. 17,
Garoua, Cameroon.

Slootweg, R., Vroeg, P.A. & Wiersma, S. (1993). The effects of molluscivorous fish, water quality
and pond management on the development of schistosomiasis vector snails in aquaculture
ponds in North Cameroon. Aquaculture and Fisheries Management, 24, 123-128.

Stein, R.A., Gosse Goodman, C. & Marshall, E.A. (1984). Using time and energetic measures of cost
in estimating prey value for fish predators. Ecology, 65, 702-715.

Stephens, D.W. & Krebs, J.R. (1986). Foraging theory. Princeton NJ: Princeton University Press. 247
pp-

Thomas, J.D., Grealy, B. & Fennell, C.F. (1983). The effects of varying the quantity and quality of
various plants on feeding and growth of Biomphalaria glabrata. Oikos 41, 77-90.

,Trewavas, E. (1983). Tilapiine fishes of the genera Sarotherodon, Oreochromis and Danakilia.
London: British Museum (Natural History). 583 pp.

Vermeij, G.J. & Covich, A.P. (1978). Coevolution of freshwater gastropods and their predators.
American Naturalist, 112, 833-843.

Welcomme, R.L. (1988). International introductions of inland aquatic species. FAO Fisheries
Technical Papers, 294. 318 pp.

Witte, F. (1981). Initial results of the ecological survey of the Haplochromine cichlid fishes from the
Mwanza Gulf of Lake Victoria (Tanzania): breeding patterns, trophic and species distribution.
Neth. J. Zool., 31, 175-202.

Witte, F.W., Barel, C.D.N. & Hoogerhoud, R.J.C. (1990). Phenotypic plasticity of anatomical
structures and its ecomorphological significance. Neth. J. Zool., 40, 278-298.

Witte, F.W. & van Oijen, M.J.P. (1990). Taxonomy, ecology and fishery of Lake Victoria
haplochromine trophic groups. Zoologische Verhandelingen, 262, 3-47.

Witte, F., Goldschmidt, T., Wanink, J., van Oijen, M., Goudswaard, K., Witte-Maas, E., & Bouton, N.
(1992). The destruction of an endemic species flock: quantitative data on the decline of the
haplochromine cichlids of Lake Victoria. Environmental Biology of Fishes, 34: 1-28.

Zakaria, H. (1963). Heteropneustes fossilis (Bloch), a possible agent for the biological control of the
snail host of schistosomes. Ann. Trop. Med. Parasit., 30, 157-160.

Zweig, R.D. (1985). Freshwater aquaculture in China: ecosystem management for survival. Ambio, 14,
66-74.

37



‘abed j}xau uo panunuo)

8¢

(9761 “ZO[RZUOD-IAI|() 09Ty S19)0d PIVINOLA.L

031an) SIIOAISSAI Ul S[1eUS pin.gp)3 g Jo souereaddesip yum paprouroo sarddng jo souereaddy  of 9 (s2151q2T=) DIj12204
SBPIId30]

‘(€661 “@8ueideT) xafign] pue viuydp( s193o1d nq ‘spiqioued [[ews sjeq O] [ (Ae3] o) vovw3Ad viquip)
SBpLIqUIf)

(1861 “IOJUSADT) [QBIS] UI SIOAIOSAI (‘yory)

o31e[ ur syuerd praSrowgns pue suonendod [reus paonpar dies Jo so109ds SnOLIBA JO UONONPONU] 4O B snaoid uopodulivydojdpy

(1961 129I0)) :BLIOIA 9XB) POOJ UTEW 9} AIB SOSN[[OW SWN[OA A O B 103us[nog sypuvyp snqivg

‘(#1861 ‘s910)) :uEpng) (Paysnio) sjreus usjes Apuanbaiy pey suownoads 10818 0 e [yessio 1uudq snqing

‘(%961 ‘@8ueide) syuey ut [reus piqioueid syeqy  of [0 1 SNIDAND SNISSDAD))
oeprundA)

(061 ‘UPIOH
:10q[y 9Ye]) [erarews jueld pue oeATe] 309sul ‘Uopjue[dooz AJUo syed ‘s9)e0)) M UOIOIPEIU0d U] 0
‘($861 ‘s91e0)) UBPNS) SWOJI POOJ ISYJO OS[E INq S[IeUs A[ulew sjey O B (stuueof op) azowia.nq sajsa]y

oepIoeIey)

(uni3aqed vpnvornuay o[ =)
"($961 ‘dyor[g :pey) eT) Yorwo)s ul sjreug  of ! Pypuny SypIUapIIs0 q'H
(7861 ‘sdre0)
:uepng) s[reus yym Jureap ypim sjsisse Ajqeqold yorym yoewols Jefnosnua Suons ul S[reus Auejy 0 B
‘(ZL61 ‘ouuezneT :pey)) 9eT) YOBWO)S Ul S[Teus AJUIB]N] O
‘(1961 ‘oyor[d :pey) e ) snoroawy  of [ (opadooeT) 2gaq snsido.odApy
OBPLIAULIOIA]

(1961
40q100) :BLIOIOIA O¥e]) Jueuropald 210m SOSN[[OW 9,9¢ UI ‘sosnjjow uayed pey ojduwres € Jo 9,66  0f 3
(6861 “Te 10 B[[elje( :uepns) pordd JIUOW { B JOAO POUIBIUIBW 046 Aq
suonendod [reus 9onpax pinod ysiy 9y} spuod Ul {S[reus 10J 20u0IfoId oWOoS YIM USIJ SNOIOATUW()  9J/0] B [9309H snordoryian g
(9961 Uy 2 1pyeA) sennuenb enbo

Ul U9JBd 9I0M SULIOMU}IED JNg ‘pattrequn 1Jof sem AIj vidpyi] ‘syue) UL S[IBUS JO SPUBSNOY) S1ed YsI,] O] e (uomQ) suagoouup sn123dojog
oepudojord
(s101pne) ssprewal eroadg apoD s2102dg ‘ATuue,|

Us1j Sunea-[reus uo YoIedsal p[olj pue A10je10qe] JO AleWwnS :7 jagnJ



abed )xau uo panunuo)

6¢

‘(1S61 198e( 1oAY 10TIN Iodd) yoewoss ur sjreus 0 e uL3aqed

(€561 “o3ueideT) spreus o3re[ syes 13jeo[IRUS POO3 AIoA B st odoing ul euenbe woyy umouy] 0] e 1U2PIINOYIS UOPOD.LID |
9BpHUOPORNIO ],

‘(1961 99910D) BLIOJIA 93E]) SIOISUI Pue SOSN[[OW dIe SWY POO UIR[  Of e Io8ugrnog avriopia °§

‘($861 ‘s91e0)) UBpNS) S[reus I0J 9ouaIdyaId yIm Ysy snoIoAuw() O B (xoprouyog o0[g) 77vYos °§

‘(ZL61 ‘ouuezneT :pey)) oye]) S[Ieus A[urewt sjeq  0J IOUIUNL) X208 °§

‘($861 ‘s91e0)) UBpNg) S[reus I0J d0udIdyId yIMm Ysy snoJoAluw()  Of e 1 SVLIDJO G

<

(#1961 ‘oyoelg :peyD 3e]) SNOIOAIISN[[OW IANIS[AS  Of oyoe|q Ssuo.fiyp] s1sua1quind g

($961 “OYoe[d PRy SET) YOBWO)S W S[IeUS  0f  ©

‘($961 ‘Quoerd :pey)d 1) Pt {(HS61 198e( :10ARy 10T1N 10dd) snoFeydooe[ew SAISN[OX 0O uLI3o[[od Ha3no Syuopouls
SEPB{OYI0N

‘($861 ‘s9180)) UEpNS) YSIJ SNOIOAIUW() O e "1 snpsdut 2q1y08
SBPId][IYOS

‘(€961 ‘elredez :beiy) sjeued uoneSLLI UI [013UO0D J0J JUdFe

K103epaId pownsaid ¢s191em Pajsoyul Ul SuIpem WO UBW JOJOP JYSIW yorym Suns (nyured € S)oIJu]  0J/0] © (yoorq) siissof sajsnoudo.jafy
oepysnoudoisioy

(7L61 ‘@uuezneT :pey) ) "S[IEUS UO A[Ulew Spa9] 0 SI0qUOIYH $10110]J1U SHOAIIE]
9BpISSO[30SO

‘(ZS61 ‘e10y :e1pu]) puny Aue Jo sosnjjow jo sannuenb adre| paysasur ysi,{ 0 e uojrwey snispduvd snispSung
Jepusedued

(€661 “Te 10 3om100[S :uooIowWe))) spuod YSIJ UI S[IEUS JO SIqUINU UI UOLONPAION
‘(€561 ‘ASJZOIN) S u®) UI S[TRUS S}eq O] e

‘($861 ‘S9180)) [UBPNS) 9AND[OS 9q 0} PAIOPISUOD J0U Inq s[reus Jo sannuenb afre[ sjeg 0 B snuidarin3 svLv] )=

(1961 ‘@uoelg :pey) 9e]) Ysy SNOIoATUW()  Of [ TeA 10 "AND) D.12ZD] SVLID])
SEPILIE[D

0J e
(8961 “I3ewmodq :10ARY 2are7 12dd) yoewols ur syreus IoSuornog
(ZS61 ‘sIoH Ipuoge( 2 Ipuogo( :o1rez)  0J B 1sngout SAypyo1sL4y)
J0BI} QATISOTIP UT UONOIQUN UTBWIAI S[[AYS ‘SId1em juoueuriod d3Ie[ Ul [0NU09 [TeUS JOJ [BRUAOJ
‘($961 ‘Quoerg :pey) oyeT ‘4561 103e( 10Ary 181N 1odd)) snoSeydooe[ew pue SNOIOAIOSI  OF 1 (11edny) sdaonny sa30.407)

oepusegq




‘abed j}xau uo panunuo)

ov

SISUaqLLY
(€561 “@3uerideT) Sulysnio 20191 Joye (W Z-) s[reus prqioued [[ews A19A AJuo sje O] [ o stuoayoouga g
‘(‘woo 's1od ‘e[eAy :[izeiq ‘erqeq) s[reus Surjonuod
Ul 9AT}OQJJR JOU SeM USTY 941 ae & U] “(q[86] YSNO[NDOIA UI Hq[ID) :[1ZeIg) ()OS 0} Suowrodds o
pasnpoxnur (g woy sioquinu ur Juisealout J[asyt ‘puod wr G/ e ul s[reus vj1ydoSpua) g payeurwi[y  of 1 SMIDINODUALG STUIOAYITUD L]
(1L61 ‘BoAN0D 79 BHO (101A0D)
Nize1q) s1e9A ¢ Ise9 je 10y suonendod viv.gop3 g PoONPAI A[qRISPISUOD d)e[ © Ul uononponu] 9 SNIDJJ220 "0 SNIOUOISY
‘(LL6T “Te 19 BIYSBATIA)) SyUB) UL S[TRUS S O] 1 IOWIUND) WnInIdSfo431U *)
(€561
‘o8uerdeT) wuw ()¢ Jo s[reus pigroue[d Surysnio Jo o[qeded sem uowroads wo § L1oysniod [eaSukreyqd  Of e WnInj1a001q DUOSD]YI1)
‘(6861 SpoAeyos) spreus arow syed ysiy syueld onenbe Jo ooussqe u]  of 1 (sreAron) ypiz .
(1861 “Te 19 1oqelin) %06 Yim syuey ul suone[ndod [reus paonpay O] [
‘(€561 “@8uri3eT) 9010Ud POOJ SI UL JA)OJ[S JOU SLYSL] O] [ (1ypppua.t - =)
(6961 ‘seumuy
29 OPRIPUY 8961 7961 6561 OpeIpUy :[1zelq) e[ € ul [0nuod 10J juade A10jepard pownsary O  ©/° [Hown pnajdouvjoud *f
(€661 “Te 12 Som100[S
:U00IdUWIR))) YSIJ JNPE JO 20uasaid Ul S[TeUS JO SIOQUINU JO UOT}ONPAI JUBDYTUSIS Inq JOUTN 9 e SNO1OJIU SIULOAYI0.4()
(9561 “1eno] (1sdayo vrdvpif =)
10IIRY7) DIP[NI42GN] DLIDIY ] PI[[AYS-PIey oy jou Inq ds (s1sdosdyg) snuyng [rews pue a31e] )y 0 e (sAy1) pquiadn s1uo.1yy202.4()
SBPIILD
(861 ‘uewp1y)
ysyy pooj pue swes pajeroaidde (8961 UOSIY 29 SIOYIOIRD) V'S ‘8.6] UOSNTID :000y opong)
spuod wwrey ut sreus vrwppyduiorg pa[[onuod ‘spuod pue A103eI0qe] UL S[TRUS I0J 90USIJI  49J/0] © Ioquno) snydojo.otu stuioda|
QBPIYOIBNUR))
(861 ‘sare0)) :uepns) snouosiod uajjo st
A[rurey sIy3 Jo ysa[. “S[reus g0 [ I9A0 paureiuod (3 of¢) uowroads auo ‘snoFeydooerewr A[QAISN[OXY  0OF e (nouudg)
‘(1961 “ayoerg :pey) ae]) snoFeydoor[ews pue SNOIOAINSI O e (snso3143s) vyvyvf [




"JX9) Q) UI [Te}oP IOW UI PAQLIISIP Ik Jey) SJUSWILIddXd 9JedIpul

(S1U2IUOD YOBWIOIS) UOIIBRAIISQO P[L) 0
yuowLadxd poy :9f

uoneAIdSqo A1038I10qR] :0[

BJBp JO 92IN0S

sossewr 839 19

ATuo spreus oqruoAn( :[
s[reus 9[ruaAn( pue jjnpe :e
douarojaid pooq

:9po)

(€661 “Te 12 $om100[S :uooIoWe)) 0} pajIodsuer) ‘pareal A10JeI0qe] “BLI0JIA

*] woyj pajodun ‘uoorawe)) WIAYRION) spuod ysi Ul s[reus Jo SI9qUINU Ul Uoponpal JUBdIUSIS ON
(0661 “@8ua1aqqry] 29 183]) SUoneIoUI3

Suimorjoy ur smel jeaSureyd jo uononpay (LL61 T8 12 UOURINDIA 0961 ‘UOYBIAOIA BLIOIIA

"] woyy pajodull ‘eAuay|) SIBIA [BIDADS IO JSO] SBM S[IBUS JO SIIQUINU UI UONONPAI [RHIUL Uy
(961 “Te 19 10WeD ‘$961 ‘Pieg 29 0SOAN €961 ‘0S0AIN % pieg epuedn

‘BLI0JOTA ] woy payoduwl ‘uooiowe))) AJnyssadons paonpoidar pue spuod ysig ur s[reus pajjonuo))
(L861 “3om100]S) [opowr Surziurxew A319u9 ue Aq paure[dxa 9q ued 901040 Ao1d

ey Surmoys douarsyaid ALaxd pue (qeggg| ‘pnoyro3ooy) Surpuey £ao1d Uo sUONBAIISqO A10j8I0qR]
(0661 SO 29 NI ‘€861 “TZUME (TS “ONIM FL6T ‘POOMUIID) [BLIOWIA “T)

Syelqey JUQIQJIP Ul SI9)Ed-[TeUS POZI[erodds se paqrIosap aIe spIjyoro sunolyoojdey jo saroads |7
(qe1661 “Te 12 BIOIYD

1Me[e]A) spuod Ysij USY}Ied pue JUSWAO Ul UOIONPONUI JaYE S[Teus Jo s1oqunu ul doip onewelq
(9861 “T8 12 ABIOIN ‘G861 T8 19 BpNOT :IMB[RIN ]) AABIY SI SARIUNUIIOD

podonses uo aimsaid uonepalq “S[reUS SaPIOUD]IP| JIAO S[TRUS J0JIIA SISO0YD UopoIvd )

(99561 “89G61 ‘SS61 PUOHIT ‘9561 “TS6T “SIOH 1puoda(
2 1puogo(] :ol1ez) spuod ysij pue sjeued uoneSLLI ‘SP[oL) 90LI Ul S[reus Sul[JO1IU0D Ul 9AOH

x0J ®
) ®
x9J/0] ®©
O ®©
%0} B
) ®
) ®
x9J/0J ®©

uLIga[[e  1pnvnyio
STUL0.1YD02.10IDIS

“dds snuo.ayoojdopy

(uopoovyd v.4v203.40)=)
uopoovyd snup.1201puid.L]
(ipupjjau S1uo4y20]dDEy =
pppydado.ovul g =)
1pUD]I2U STULOAYIOUDLIDS







