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I. Executive Summary 

Schistosaniasis is a widespread, debilitating parasitic disease of
hums and domestic animals in sub-Saharan Africa. Children are particularly
likely to suffer from the effects of schistosome infection. Schistosomiasis is
difficult to control, and new strategies are required for eliminating the
freshwater pulmnate snails that serve as obligatory hosts for the larval 
stages of these parasites. The purpose of this project is to explore the
potential of using corpetitor/predator gastropods in a program of biological
control of schistosomiasis and other significant snail-transmitted parasites in
Kenya. Biological control offers several potential advantages to developing
countries including relatively low cost, avoidance of toxic chemicals, and
sustainability. The project involves a combination of field and laboratory
studies undertaken jointly by scientists at the Kenya Medical Research
Institute in Nairobi, and the Department of Biology, University of New Mexico. 

One of the important goals was to determine if exotic species of
gastropods already introduced by others into East Africa have potentiaL in the 
biological control. of disease-transmitting pulmonates. Two such species were 
considered, the ampullariid Marisa cornuarietis and the pulmonate Helisoma 
dryj- An extensive study of freshwater snail distributions in Kenya revealed
that neither exotic species occupies natural habitats in Kenya. We conclude
that M. cornuarietis is not deserving of additional consideration because its 
use in biological control programs has produced mixed results in other parts of
Africa; also, our laboratory studies indicate that indigenous arpullariids such 
as Pila ovata are just as efficacious as M. cornuarietis in achieving control
of pulmonates. Regarding H. dur , although this species was found in several 
locations in Kenya in cement-lined artificial habitats, it seems to be
incapable of colonizing natural habitats and therefore has little potential to 
achieve meaningful snail control in the field. 

We also considered the biological control potential of gastropods
indigenous to Kenya, including Melanoides tuberculata, 2. ovata, and lanistes 
carinatus. Other workers have reported that M. tuberculata excludes disease­
transmitting pulmonate snails from freshwater habitats in the Caribbean 
islands. Our studies of snail distribution in Kenya have revealed that M.
tuberculata frequently coexists with pulmonates and that such coexistence is 
relatively stable. However, M. tuberculata typically remains numerically
dominant over pulnonates, suggesting that this species deserves additional 
study. Also deserving of additional study is P. ovata which was shown to be an
effective predator of pulmonate egg masses; this species also effectively
limits pulmonate populations in laboratory studies and was observed to be
negatively associated with some medically important pulmonates in natural 
habitats. The related ampullariid L. carinatt's is not considered to be a
promising control agent because it was less efficacious in our laboratory
studies in controlling pulmnnates than P. ovata. Additional field studies to 
assess the biological control potential of indigenous African gastropods are
still underway. Further details regarding our activities are provided in the 
attached appendices.

Finally, we noticed that the presence of decapod crustaceans,
particularly the introduced crayfish Procambarus clarkii, seemed to exclude
pulmnate snails from natural habitats. Our current efforts are now focused 
primarily on P. clarkii. 

In the course of our studies, we have had the opportunity to work side­
by-side with several Kenyan scientists at both KEMRI and the Division of Vector 
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Borne Diseases, Ministry of Health. Some of these individuals are now
initiating their own investigations of the potential of various biological
control agents in Kenya. 

II. Research Objectives 

A. The Problem Posed by Snail-Transmitted Parasites in Kenya 

Snail-transmitted parasites of medical and veterinary significance are
abundant in Kenya (Table 1) and inflict an unacceptable burden of suffering and
diminished productivity on both humans and domestic animals. 

Table 1: Trematodes of medical and veterinary significance in Kenya and their
 
snail intermediate hosts.
 

Schistosoma nsoni
 
Bionphalaria pfeifferi, _B.sudanica
B. choarnmhala 

Schistosoma haematobium 
Bulinus (Physopsis) species group

Schistosoma bovis and S. mattheei 
several Bulinus species

Fasciola Qigantica
 
Lymna natalensis
 

Paramphistomatids - several species
Bulinus, Biormphalaria, Lymna 

It has been estimated that at least 15,000 km2 of Kenya are suitable
for traLmission of the human blood fluke Schistosoma mansoni, and 13,000 km 
for S. haematobium (Brown et al., 1981). 
 About 42% of Kenya's rapidly-growing

population of over 22 million live in areas where transmission of S. mansoni or

S. haemiatobium is possible (Diesfeld and Hecklau, 1978; Iarotski and Davis,

1981). As documented in older reviews by Webbe and Jordan (1966) and in

detailed cross-sectional studies of particular communities (e.g. Arap Siongok
et al., 1976), East African strains of these parasites are capable of 
inflicting serious pathological damage, particularly in children which
typically hea- much of thn brunt of infection (Wilkins, 1987).

In addition to the human-infecting schistosomes, at least two ruminant 
schistoscaes are found in Kenya, S. bovis and S. mattheei. Both parasites are
 
capable of causing significant loss of condition and death in cattle, sheep,

and goats (Dinnik and Dirmik, 1965). Another significant parasite of domestic
animals in Kenya is the liver fluke Fasciola gicantica. Lynmae natalensis,
the snail host of this parasite, frequently inhabits the same waterbodies as 
Biomhalaria pfeifferi, the intermediate host of S. mansoni (van Someren,
1946). Still other significant parasites of domestic ruminants in Kenya are F. 
hepgatica (e.g. Brown, 1980), and several species of paramrhistcme flukes such­
as Calicophoron microbothrium (Dinnik, 1964; Malek, 1980; Southgate et al.,
 
1989). 
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B. Control of Snail--Tranmitted Parasites 

Regarding the control of snail-transmitted parasites such as tno 
sc st:oscnes, there is no panacea. Me use of relatively new chemothei. eutic 
agents such as metrifonate, oxamniquine and praziquantel offers consid+raole
hope in ccmbatting schistoscmiasis in Kenya and will seive as the cornerstone
for future nation-wide control programs, but excessive reliance on the use of
drugs to control this problem is short-sighted. The available drugs are
expensive, they are not 100% effective (Marshall, 1987), and it is not
realistic to expect that all infected individuals or reservoir hosts will be
treated. Therefore, it is unlikely that chemotherapy alone will break the
cycle of transmission; prevalence rates are likely to revert to pre-control

levels follmring cessation of chemotherapeutic control (e.g. Stu -oxck et al.,

1987). Furthermore, if are
drugs given continually to control transmission,
the chances of selectir for drig resistant parasites is increased enormously.
Coles et al. (1987) have already provided disturbing evidence for oxamniquine
tolerance in Kenyan S. mansoni. A far better strategy is to use other methods
of control to interrupt transmission, and to reserve the use of currently
effective drugs for treating individuals who are clinically ill with 
schistosomiasis. 

The long-standing goal of much of the research on schistosomiasis has
been to develop an effective vaccine (reviwed by Capron et al., 1987; Hagan,
1987; Sher et al., 1989). A vaccine would in theory alleviate many of the
problems associated with reliance on chemotherapy, and should remain a priority
for work in this area. However, it is our opinion that a field-worthy
schistosome vaccine is not likely to be deployed on a large scale in Kenya for 
many years. Indeed, none of the current vaccine immunogens induce levels of
resistance sufficient to significantly reduce human infection or subsequent
developmant of disease (Sher et al., 1989). Also, a vaccine will pose
distributional problems and its expense may prove to be prohibitive; it also
 
seems likely that booster injections will be necessary to sustain protective

levels of immunity to such a complex helminth parasite. These sobering
considerations emphasize the continual need to develop alternative and 
complementary approaches to schistosomiasis control. 

One such approach is to reduce or eliminate populations of snail
intermediate hosts. The role of snails in transmission is of paramount
importance because the parasite has enormous iultiplicative potential within
this host, and because snails produce the infective stage in the life cycle for
mammals, namely th!e cercaria (Jourdane and Theron, 1987). Traditional methods
of snail control based on the use of naturally-occurring or S-ynthetic chemical
molluscicides have many potential drawbacks (see reviews by Andrews et al.,
1983; Combes and Cheng, 1986; Klumpp and Chu, 1987). Molluscicides are broad­
spectrum toxins that can kill valuable non-target species such as fish which 
may naturally prey on snails. Molluscicides provide another example of
expensive, imported technology that developing countries can not afford over
the extended periods of time needed to achieve control. useEven focal of
molluscicides often requires repeated applications and heroic efforts on the 
part of local control personnel. Indeed, it can be argued that freshwater
snails are highly adapted to repopulate habitats following disturbance which is 
a pervasive feature of freshwater habitats. Molluscicides represent just
another example of temporary habitat disturbance. Also, use of molluscidices,
just as with chemotherapeutic agents, may encourage the development of
resistance in the target organisms (discussed by Duncan and Brown, 1988). 
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C. The Option of Biological Control of Snails 

Regarding snail control, an alternative method that is philosophically 
and financially compatible with conditions in developing countries is 
biological control. This approach, vtich has enjoyed considerable success in 
controlling insect and weed pests (e.g. Waage and Greathead, 1988) offers 
several advantages including relatively low cost, use of indigenous resources 
that are potentially self-renewing and long-lasting in tneir effect, simplicity 
of application, avoidance of dependence on imported technology, and avoidance 
of the use of toxic chemicals (Huffaker and Messerer, 1976). Also, some of 
the organisms considered as potential biological control agents, such as 
crustaceans or fish, can serve as human food sources, and propagation of such 
organisms could provide financial inccne and added incentive for maintenance of 
control efforts. 

It is also imperative to realize that there are certain risks inherent 
in the application of biological control, particularly if exotics are used as 
the controlling species, and these must be weighed relative to the benefits. 
For example, introduction of exotic species could create new problems if they 
were capabie of transmitting parasites of medical or veterinary significance, 
or if they consumed food plants. It is for this reason that the specific 
research we have undertaken has not emphasized exotic species. We also wish to 
stress that our proposal to investigate the biocontrol potential of indigenous
species does not constitute an endorsement for their immediate use in large­
scale contrul operations. Indeed, the focus of our work is to determine, under 
controlled conditions, if these putative biological control agents do, in fact, 
effectively control snails. If this is found to be the case, further study
would then be warranted to determine if their use in control programs should be 
implemented. 

Several different putative biological control agents have been 
suggested for use against freshwater snails of medical or veterinary 
significance (Michelson, ?957; Berg, 1973; Hairston et al., 1975; Jordan et 
al., 1980; McCullough, 1981; Ccabes and Cieng, 1986; Pointier and McCullough, 
1989; Madsen, 1990). In our opinion, the most promising control agents for 
freshwater snails are multitrophic organisms that can 1) directly or indirectly 
compete for resources such as food or oviposition sites, and 2) function as 
facultative predators of snails. Such control agents, because of their 
generalist properties, are able to establish relatively stable populations, 
even if the target species undergoes temporary reductions in number. 
Potentially unstable cycles of abundance of target and control species are 
thereby avoided and the possibility of sustained, long-term control is created 
(Murdoch et al., 1985). It is important that the control agent can inhabit a 
variety of habitats including temporary waterbodies, and that they can rapidly 
re-colonize habitats following cessation of unfavorable conditions. 
Specificity of action of the control agent for the target species is also 
highly desirable. 

D. Studies With Putative Biological Control Agents in Kenya 

Described below are various invertebrates contemplated for use in 
biological control programs in Kenya, including several with at least some of 
the favorable characteristics described above. Unfortunately, no microbial 
pathogens known to be specific for freshwater snails are currently available 
for use in field trials. Also, certain groups of vertebrate control agents 
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such as molluscivorous fishes have been considered as possible biological
control agents in Kenya (e.g. McMahon et al., 1977), but are not coisidered 
further at this time, primarily because so little is known about them. 

I. Predator/Competitor Snails 

Such snails can negatively affect target snails and associated
 
trematodes by preying upon eggs, juveniles and adults of the target species, 
 by
competing for food or oviposition sites, by producing noxious secretions that
interfere with growth and/or reproduction, and by serving as "decoys" or 
"sponges" of the miracidia of trematode parasites (Frandsen and Madsen, 1979).
Predator/ccmpetitor snails that might be suitable for use in Kenya include 
Helisoma duryi, MVarisa cornuarietis, Thiara ani and species indigenous
to Kenya including Melanoides tuberculata and the apullariid snails Pila ovata
and Lanistes carinatus. Some of the salient features of each of these species 
are presented below:
 

Helisoma cyi - 'Thisspecies, which is native to southern North 
America, has been widely introduced into Africa, irluding Kenya (e.g. Brown,
1980). Its potential for controlling trematode-transmitting snails has been
thoroughly discussed by F.andsen and Madsen (1979) and Jordan et al. (1980).
We were particularly interested in determining if this snail has been 
successful in colonizing ratural habitats in Kenya since the time of its first 
introduction there ii, approximately 1970.Thiara ganifera and Melanoides tuberculata - These two related snails
 
are both cosmopolitan (Pace, 1973), and both have been considered as potential

biological control agents (reviewed by Pointie. and McCullough, 1989). Both

species have beccmi very common on some Caribbean islands and in other areas in 
the Neotropics, and have been implicated in the competitive displacement of
Biophalaria glabrata in several locations, including Puerto Rico, St. Lucia,
ard Guadeloupe (Butlers et al., 1980; Prentice, 1983; Pointier and McCullough,
19r$9). Because of lingering doubts regarding the role of thiarids in 
transmitting humai luig- or liver-fluKes, possibly in Africa (e.g. Bayssade-
Dufour et al., 1982), and because T. granifera does not presently occur in East 
Africa, we can not condone the introduction of this species for use in 
biological control studies in Kenya.

In contrast, M. tube:.uiata is a natural component of the snail fauna 
of Kenya (Brown, 1980), and is the most commonly collected prosobranch snail in 
the country (see Appendix 1). Further studies regarding the possible role of 
this species in control in cental Kenya are warranted, particularly in view of 
recent reports from the Caribbean (Pointier et al., 1984; Pointier and 
McCullough, 1989) implicating this species as an effective control agent. Some
of our observations regarding M. tuberculata are surarized in Appendix 2. 

Marisa cornuarietis - This large ampullariid snail originates in
northern South America, and has already been introduced into several countries 
because of its effectiveness as a biological control agent of pulmonate snails. 
Its successful use in control has been discussed by several authors (e.g.
Ferguson 1977; WHO/VBC/82.837, 1982). It has been introduced in the Sudan to 
the north of Kenya (Haridi et al., 1985) and in Tanzania to the scuth where it 
successfully displaced several pulmonate species in a single pond (Nguma et 
al., 1982).

Native Kenyan Ampullariid Snails - In Kenya, the most counon 
ampullariids are Pila ovata, Lanistes carinatus and various subspecies of L. 
ovum (Appendix 1). Because other ampullariids such as Marisa and Ampullaria
have properties favorable for use in biological control (e.g. Pointier et al., 
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1988), indigenous African amrpullariids deserve consideration in this context. 

II. Freshwater Decapods 

Based on both field and laboratory studies of Kenyan material, we have 
became convinced that freshwater decapods deserve careful consideration as 
biological control agents. In particular, the louisiana red swamp crayfish,
Procambarus clarkii, which was introduced into Kenya several year ago, is 
deserving of additional study. However, for the funding period of the present 
grant, we have chosen to emphasize the study of ccmpetitor/predator gastropods. 

E. Innovative Aspects 

This proposal is innovative in emphasizing a relatively novel type of 
schistosamiasis control, one that deemphasizes reliance on imported technology

and potentially toxic and expensive chemicals. Biological control also offers 
the hope of sustainability of action, a component that is frequently lacking in 
infectious isease control programs in developing countries. 

Another innovative aspect of this proposal is that it deliberately
focuses attention on indigenous organisms that may have unrealized potential as 
biological control agents. Also, we propose to investigate the biocontrol 
potential of certain exotic organisms that have already be n introduced by
others into African freshwater habitats. 

III. Methods and Results 
A. Introduction 

Several appendices have been provided below that outline the methods 
used and results obtained for this proposal. The results are also extensively
discussed in these appendices. Most of these appendices represent manuscripts
that have been prepared for publication. 

B. Conclusions and Recamendations 

In the original proposal, we stated that we wished to formulate 
recamnendations regarding several issues pertaining to biological control 
considered during the three-year tenure of the grant. These recomedations 
are as follows: 

1. We remain convinced that biological control of schistosomes and 
other snail-borne parasites is a viable option, and definitely deserves 
additional consideration. Our work indicates that the indigenous ampullariid
Pila ovata is the predator/competitor gastropod species most deserving of 
future consideration in the context of snail control in Kenya.

2. We conclude that if competitor/predator gastropod species are to be 
used as control agents in Kenya, that native species such as P. ovata or 
perhaps Melanoides tuberculata should be used rather than exotics such as 
Marisa cornuarietis or Helisoma uy . 

3. It is unlikely that P. ovata plays any significant role in 
transmission of parasites of medical or veterinary significance in Kenya. If
used in a program of biological control, M. tuberculata should receive further 
study with respect to its role as a host of trematodes of public health 
significance. It is very unlikely, however, that this species could transmit 
Paraqonimius westermani in Kenya. 

4. Since our proposal was submitted, other studies have shown that 
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introduction of exotic ampullariids can create problems for rice cultivation 
(Amnullari glau in Japan, for example). As Marisa has been shown to eat 
rice seedlings, such a problem could conceivably occur in Kenya as well. 
Especially given that other efficacious ampullariids are already present in 
Kenya, Marisa should not be introduced into Kena. 

5. If P. ovata is to be used in biological control in Kenya, it is able 
to resist habitat drying and should be appropriate for use in ephemeral
habitats. It is also able to survive in permaneit habitats, including large
lakes such as Lake Victoria. It should not be deliberately introduced near
 
rice-growing schemes in Kenya such as Ahero or Mwea. However, our
 
conversations with rice cultivators in Ahero, an area is
where P. ovata 
naturally abundant, did not indicate that this species caused any problems for 
rice cultivation. If introductions of gastropods for biological control are 
ever contemplated for rice-growing areas, M. tuberculata would probably be the 
species of choice. 

6. Future priorities for biological control work in Kenya, and sub-

Saharan Africa in general, are as follows: a) further explore the potcntial of

P. ovata and M. tuberculata to displace medically-important pulmonates in
 
natural habitats. Habitats already containing these gastropods as well 
as 
habitats into which they are introduced should be studied; b) our survey work 
of gastropod habitats suggested that the presence of the introduced North 
American crayfish, Procambarus clarkii, in natural habitats was often 
correlated with a lack of pulmonate snails. Additional field and laboratory
observations of the impact of this species on pul.monates are required. 

IV. Impact, Relevance, ard Technology Transfer 

The findings of this study will be useful to Kenya in providing
essential background information which may someday be used to facilitate 
planning of a national schistosomiasis control program. Results of the present
proposal, in conjunction with results from ongoing studies, will help to 
provide alternative methods of snail control which are very much needed if 
broad-scale control programs are to be implemented. As the cost of 
mollusciciding for large scale programs of snail control is prohibitive,
biological control offers virtually the only viable alternative method of snail 
control. We believe our ongoing work has pointed out at least two viable 
control agents that am already widespread in Kenya, and that can be used in a 
cost-effective manner in select habitats without causing any substantial 
environmental problems. 

All of our work has been undertaken with the full cooperation and 
advice of both KERI and the Division of Vector-Borne Disease (DVBD) of the 
Ministry of Health. Dr. John Ouma, head of schistosomiasis operations at the 
DVBD, has been invaluable as a consultant for this project. One of Dr. Ouma's 
long-term goals is to develop a national schistosomiasis control program and he 
has indicated his strong interest in using biclogical control as part of this 
program. Unfortunately, such a program awaits further commitment of funds from 
both government and extramural sources. 

In our opinion, larger scale trials further testing our ideas should 
not be undertaken until our small-scale trials and experiments (and possible
additional work by Kenyan scientists) have been completed. As some of these 
experiments are uidertaken under field conditions, it may take until the mid­
1990s to complete them. At that time, and before biological control is applied 
on a large scale under more operational conditions, this whole topic should be 
the subject of an interdisciplinary meeting in which experts from disciplimes 
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other than parasitology and vector biology are involved. 
Formal training of Kenyan students was not included as part of the 

original proposal. However, several Kenyan parasitologists and mlacologists
have worked side-by--side with American participants in the field, and have 
gained first-hand knowledge of medical and veterinary malacology as a result. 
They have also been made aware of the potential of biological control to serve 
as an alternative to exisiting methods, and have learned about same oz the more 
likely putative control agents. ',hey have also been made aware of same of the 
limitations and potential problems that may exist. A partial list of some of 
the Kenyan scientists who have worked with us on this project are: Dr. John 
Ouma, Dr. Gerald Mkoj i, Mr. Benson Mungai, Mr. Francis Mungai, Mr. Curtis 
Kariuki, and Mr. Jimmy Kihara. All of these individuals remain professionally
active as parasitologists or infectious disease control specialists in Kenya. 

V. Project Activities/Outputs 

Owing to the long-term nature of sane of the experiments, to unexpected
findings that we uncovered, and to inherent logistical constraints of field and 
laboratory work involving personnel in both the U.S. and Kenya, we have not 
been as prompt as we would have hoped for in disciminating all the results of 
our work. However, we are highly motivated to do so, and as the appendices
indicate, there has been a great deal written up and readied for publication.
Our major task is now to submit the remaining manuscripts for publication.

Appendix 3, has been accepted for publication and is in press in Acta 
Tropica. Two others, 1 and 4, will soon be submitted for publication.
Appendix 2 presents information relating to experiments that are ongoing and 
that have not undergone final analysis; the nature of these experiments
requires long-term observations that extend beyond the granting period. 
Appendix 5 requires revision before submission. Appendix 6 is a manuscript
that is in press in the Journal of Molluscan Studies and, aJ.though it does riot 
bear directly on the goals stated above, this study could not have been 
undertaken without the support of this project. 

Some. of the results have also been presented at regional and national 
parasitology meetings, as follows: 

Hofkin, B.Vo, Koech, D.K. and Loker, E.S. 1988. Distributional patterns of 
freshwater snails and associated trematodes in Kenya. Presented at the 21st 
Annual Meeting of the Southwestern kqsociation of Parasitologists, Lake 
Texca, Oklahoma, 14-16 April 1988.
 

Stryker, G.A., Dominguez, C.A., Koech, D.K., and Loker, E.S. 1988. Consumption
 
of eggs and juveniles of Biomihalaria by African ampullariid snails and by

Thiara rnife: a laboratory study. Presented at the 21st Annual Meeting of 
the Southwestern Association of Parasitologists, lake Texoa, Oklahoma, 14-16 
April 1988.
 

Bandoni, S.M., Mulvey, M., Koech, D.K. and Loker, E.S. 1988. Electrophoretic
 
and morphological variation in Kenyan populations of Biomhalaria pfeifferi
(Krause, 1848), Dunker, 1894 and Biomphalaria sudanica (Martens, 1870)

Pfeiffer, 1870-76. Presented at the 21st Annual Meeting of the Southwestern 
Association of Parasitologists, lake Texama, Oklahoma, 14-16 April 1988.
 

Loker, E.S., Koech, D.K., and Hofkin, B.V. 1988, Distributional patterns of 

freshwater snails and associated trematodes in Kenya. Presented at the 63rd 
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Annual Meeting of the American Society of Parasitologists, Winston-Salem, 
North Carolina, 31 July - 4 August 1988. 

VI. Project Productivity 

When the U.S. PI originally wrote this proposal, he had not had the 
opportunity to visit Kenya to make certain first-hand observations relevant to 
the proposal. Consequently, the original proposal is naive in certain ways.
For example, the proposal emphasizes study of the exotic snail Helisoma ggnyj
which we subsequently discovered does not exist in natural habitats in Kenya.
This discovery rendered some of our proposed experiments impossible and others 
irrelevant given the apparent inability of this species to exist in natural 
habitats in Kenya (see original objectives 1-3 of our revised proposal). One 
of our goals was also to investigate natural patterns of co-occurrence of 
pulmonate snails with the putative biological control agent Melanoides
 
tuberculata. As our field observations suggested that this species coexisted
 
in stable patterns with pulmonates, we switched the emphasis of our studies
 
from M. tuberculata to indigenous ampullariid species such as Lanistes
 
carinatus and Pila ovata. This meant that specific objective #5 in our revised 
proposal was not specifically met. Thus, to a large extent, we shifted 
priorities as we accumulated information; to do otherwise would have been 
totally wasteful of time and money. Consequently, the final results depart
from experiments described in the original proposal but in the long run,
provide information on control agents more likely to be employed successfully. 

VII. Future Work 

This project has definitely lead to additional work, which is being
undertaken with the support of a PSTC-funded proposal entitled "The Role of 
Biotic and Abiotic Factors in Controlling Disease-Transmitting Snails in Kenya:
An Experimental Study", (9.413). The primary thrust of the work described is 
to further explore the poteitial of indigenous decapods and especially the 
introduced crayfish p. clarkii to achieve control of pulmonate snails in small,
man-made impoundments in Kenya. We also hope to apply innovative methods such 
as Geographical Information Systems (GIS) to the study of the distribution and 
abundance of snails and snail-transmitted parasites in Kenya. 

VIII. Literature Cited 

Andrews, P., Thyssen, J., and Lorke, D. 1983. The biology and toxicolcgy of 
molluscicides, Bayluscide. Pharmac. Ther. 19: 245-295.
 

Arap 	Siongok, T.K., Mahmoud, A.A.F., Ouma, J.H., Warren, K.S., Muller, A.S.,
Handa, A.K., and Houser, H.B. 1976. Morbidity in schistosomiasis mansoni 
in relation to intensity of infection: study of a community in Machalos, 
Kenya. Amer. J. Trop. Med. Hyg. 25: 273-284. 

Bayssade-Dufour, C., Albaret, J-L., and Kim, D.C. 1982. Cercarial chaetotoaxy
of a Korean strain of Clonorchis sinensis: probable presence of this 
trematode in Africa. Ann. Parasitol. Hum. Comp. 57: 361-366. 

Berg, C.O. 1973. Biological control of snail-borne diseases: a review. Exp. 
Parasit. 33: 318-330. 

Brown, D.S. 1980. Freshwater snails of Africa and their medical importance. 
Taylor and Francis Ltd. London. 487 p. 

9 



Brown, D.S., Jelnes, J.E., Kinoti, G.K., and Cuma, J. 1981. Distribution in
Kenya of intermediate hosts for Schistosoma. Trop. Geogr. Med. 33: 95-103.

Butlers, J.M., Ferguson, F.F. Palmer, J.R., and Jobin, W.R. 1980. Displacement
of a colony of Biomphalaria qlabrata by an invading population of Tarebia
grani in a small stream in Puerto Rico. Carribean Journal of Science 
16: 73-79.
 

Capron, A., J.P., M., Ouma, J.H.,Dessaint, Capron, and Butterworth, A.E. 1987. 
Imiminity to schistosomes: progress toward vaccine. Science 238: 1065-1072.


Coles, G.C., Muthahi, W.T., Kinoti, G.K., Bruce, J.I., and Katz, N. 1987.
tolerance of Kenyan Schistosoma mansoni to oxamniquine. Trans. Roy. Soc. 
Trop. Med. Hyg. 81: 782-785.
 

Canbes, C. and Cbeng, T.C. 1986. Control of bicmedically important molluscs.
 
Arch. Inst. Pasteur Algerie 55: 153-193.
 

Diesfeld, H.J. and Hecklau, H.K. 1978. Kenya, a geomedical monograph. Springer-

Verlag, Berlin. 

Dinnik, J.A. 1964. Intestinal paramphistomasis and P. microbothrium Fischoeder 
in Africa. Bull. Epizoot. Dis. Afr. 12: 439-454.

Dinnik, J.A. and Dinnik, N.N. 1965. The schistosomes of domestic ruminants in 
eastern Africa. Bull. Epizoot. Dis. Africa 13: 341-359. 

Duncan, J. and Br-wn, N. 1988. Molluscicide resistance and a field test kit. 
Trop. Med. Parasit. 39: 59-61. 

Ferguson, F.F. 1977. The role of biological agents in the control of

schistoscme-bearing snails. Atlanta, Georgia: U.S. Dept. of Health, Ed.
 
and Welfare. 

Frandsen, F. and Madsen, H. 1979. A review of Helisoma duy in biological
control. Acta Tropica 36: 67-84.
 

Hagan, P. 1987. The human 
 immIne response to schistoscme infection In D. 
Rollinson and A.J.G. Simpson, eds. The biology of schistosomes, Academic
 
Press, London, pp. 295-320.
 

Hairston, N.G., Wurzinger, K.H., Burch, J.B. 1975. Non-chemical methods of
 
snail control. World Health Org. WHO/SCHIST/75.40, 30 p.


Haridi, A.A.M., El Safi, S.H., Jobin, W.R. 1985. Survival, groth and
 
reproduction of the imported ampullarid snail Marisa cornuarietis in
 
central Sudan. J. Trop. Med. Hyg. 88: 135-144.
 

Huffaker, C.B. and Messenger, P.S. 1976. Theory and practice of biological
control. Academic Press N.Y. 788 p.

Iarotski, L.S. and Davis, A. 1981. The schistosomiasis problem in the world: 
results of a WHO questionnaire survey. Bull. W.H.O. 59: 115-127.

Jordan, P., Christie, J.D., and Unrau, G.O. 1980. Schistosomiasis transmission

with particular reference to possible ecological and biological methods of 
control. Acta Tropica 37: 95-135. 

Jourdane, J. and Theron, A. 1987. Larval development: eggs to cercariae In D.
Rollinson and A.J.G. Simpson, eds. The biology of schistosomes, Acadmic 
Press, London, pp. 83-113. 

Klumpp, R.K. and Chu, K.Y. 1987. Focal mollusciciding: an effective way to 
augment chemotherapy of schistosomiasis. Parasitology Today 3: 74-76. 

Madsen, H. 1990. Biological methods for the control of freshwater snails. 
Parasitology Today 6: 237-241. 

Malek, E.A. 1980. Snail-transmitted parasitic diseases. Vols. I and II., CRC 
Press, Inc. Boca Raton, Florida. 334 and 324 p.

Marshall, I. 1987. Experimental chenotherapy In D. Rollinson and A.J.G.
 
Simpson, eds. The biology of schistosomes, Academic Press, London, pp.

399-430.
 

10
 

http:WHO/SCHIST/75.40


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

McMahon, J.P., Highton, R.B., and de C. Marshall, T.F. 1977. Studies on
 
biological control of intermediate hosts of schistosomiasis in western
 
Kenya. Environmental Conservation 4: 285-289.
 

Michelson, E.H. 1957. Studies on the biological control of schistosome-bearing
snails. Predators and parasites of fresh-water Mollusca: a review of the 
literature. Parasitology 47: 413-426. 

Murdoch, W.W., Chesson, J. and Chesson, P.L. 1985. Biological control in theory
and practice. Americaii Naturalist 125: 344-366. 

Nguma, J.F.M., McCullough, F.S., and Masha, E. 1982. Elimination of
 
Biomphalaria pfeifferi, linus tropi 
 and Lymna natalensis by the 
ampullarid snail Marisa cornuarietis, in a man-made dam in northern 
Tanzania. Acta Tropica 39: 85-90. 

Pace, G.L. 1973. The freshwater snails of Taiwan (Formosa). Malacological 
Review Supplement 1. 118 p.

Pointier, J.P. and McCullouoh, F. 1989. Biological control of the snail hosts
of Scbistosoma mansoni in the Caribbean using TIhiara spp. Acta Tropica 46: 
147-155. 

Pointiei, J.P., Guyard, A., Theron, A., and Dumoutier, A. 1984. Le 
fonctionnement d'un site de transmission a Schistosoma mansoni en 
Martinique (Antilles francaises). Annales de Parasitologie 59: 589-595. 

Pointier, J.P., Theron, A., and Imbert-Establet, D. 1988. Decline of a sylvatic
focus of Schistosoma mnsoni in Guadeloupe (French West Irdes) following
the competitive displacement of the snail host Biomphalaria qlabrata by
Anullaria glauca. Oecologia 75: 38-43. 

Prentice, M.A. 1983. Displacement of Biomphalaria qlabrata by the snail Thiara 
Qranifera in field habitats in St. Lucia, West Indes. Anns. Trop. Med. 
Parasit. 77: 51-59.
 

Sher, A., James, S.L., Correa-Oliveira, R., Hieny, .. , and Pearce, E. 1989.
 
Schistosome vaccines: current progress and future prospects. Parasitology
 
98: S61-S68.
 

Southgate, V.R., Brown, D.S., Warlow, A., Knowles, R.J., and Jones, A. 1989. 
The influence of Calicophoron microbothrium on the susceptibility of 
Bulinus tropi to Schistosoma bovis. Parasitology Research 75: 381-391. 

Sturrock, R.F., Bensted-Smith, R., Butterworth, A.E., Dalton, P.R., Kariuki,
H.C., Koech, D., Mugambi, M., Ouma, J.H., Arap Siongok, T.K. 1987. 
Immunity after treatment of human schistosomiasis mansoni. III. Long-term
effects of treatment and retreatment. Trans. Roy. Soc. Trop. Med. Hyg. 81: 
303-314. 

van Someren, V.D. 1946. The habitats and tolerance ranges of Lymna (Radix)
caillaudi, the intermediate snail host of liver fluke in East Africa. J. 
Animal Ecol. 15: 170-197. 

Webbe, G and Jordan, P. 1966. Recent advances in knowledge of schistosomiasis 
in East Africa. Trans. Roy. Soc Trop. Med. hyg. 60: 279-306. 

Wilkins, H.A. 1987. The epidemiology of schistosome infections in In D.man. 
Rollinson and A.J.G. Simpson, eds. The biology of schistosomes, Academic 
Press, London, og 379-397. 

Waage, J.K. and Greathead, D.J. 1988. Biological control: challenges and 
opportunities. Phil. Trans. R. Soc. London B. 318: 111-128. 

WHO data sheet on the biological control agent Marisa cornuarietis, 
WHO/VBC/82.837, llp. 

11
 



IX. Appendices 

12 



APPENDIX 1
 

OBSERVATIONS ON THE DISIRIB)rION OF FRESf qA= SNAILS IN SOUIHERN KENYA 

WITH IMPLICATIONS FOR THE BIOIDGICAL CONTROL OF SCMLSTOSMIASIS 

AND OTHER SNAIL-TRANSMITI=D PARASITES 

BY 

Eric S. Loker I , Bruce3 V. Hofkin, Benson2Mrngai 2
 
James Kihara and Davy K. Koech
 

1 Department of Biology 
University of New Mexico
 

Albuquerque, New Mexico 87171
 
U.S.A.
 

2 Kenya Medical Research Institute 

P. 0. Box 54840
 
Nairobi, Kenya 

3 Division of Vector-Borne Diseases 
Ministry of Health' 
P. 0. Box 20750
 
Nairobi, Kenya 



ABSTRACT
 

From 1987 through 1989, freshwater snails were collected from 195
natural and eight artificial habitats in the southern half of Kenya. These 
collections covered a broad geographic scale to allow assessment of the major
distributional patterns ot gastropods in titis region. From these habitats a
conservative total of 34 gastropod taxa were recognized, including 19 pulmonate
and 15 prosobranch taxa. Of all habitats, 68.0% contained snails capable of
transmitting human schistosomiasis or fascioliasis. The distributions of most
prominent snail taxa were confined to characteristic altitudinal ranges in
Kenya, suggesting that temperature plays an important direct or indirect role
in controlling distributions. Overall, it was noted that prosobranch taxa
dominated habitats below 300m whereas habitats above this elevation cortained 
more pulmonate taxa. With respect to freshwater gastropods, a total of five
faunal regions were recognized, including 1) the Coastal Lowland Fauna
dominated by prosobranch taxa; 2) the Upland Fauna characterized by abundant
representation of pulmonates, including several of medical and veterinary
significance; 3) the Highland Fauna, containing simplified assemblages of
snails consisting of only pulmonates; 4) the Nyanza Low Plateau Fauna, which is
somewhat intermediate in composition between the Upland Fauna and the lake
Victoria Fauna; and 5) the lake Victoria Fauna characterized by a relatively
diverse mixture of both pulmonate and prosobranch taxa, including some strictly
lacustrine species. With a few exceptions, most taxa collected xcupic) a
diversity of different habitat types, suggesting most. of these srails are not
strict habitat specialists. Apart from Lake Victoria which supports a
relatively diverse fauna, typical freshwater habitats in this region contained
between two and four gastropod species. Within faunal regions, coefficients of
association were calculated for pairs of taxa, most of which were not
significant. Of particular interest were species considered to have some
potential as biological control agents of pulmonate hosts of trematode 
parasites. Included among such putative control agents in Kenya are helisoma 
sp., Melanoides tuberculata, Pila ovata, Ianistes carinatus, and L. ovum. 
Helisoma sp. was found only in artificial habitats, suggesting it does not
establish well in natural habitats. M. tuberculata had no significant negative
associations with parasite-transmitting pulmonates and was observed to co-.*xist
in some habitats with such snails over the three year period of study, yet
typically remained numerically dominant to pulmnates. With respect to 
indigenous ampullariid species, L. ovum had no significant negative
associations with pulmnates whereas both L. carinatus and P. ovata did.
Although caution is required in interpretation of this result, this and other
considerations suggest the latter two ampullariids deserves additional study as
possible natural biological control agents in Kenya. Also, decapod
crustaceans, both indigenous freshwater crabs and the introduced North American
crayfish Procambarus clarkii, deserve consideration as possible biological
control agents in southern Kenya. 



INTRODUCTON
 

In recent years, there have been several reports advocating further
study of biological methods for controlling the freshwater snails involved in
the transmission of human and rminant schistoscmiasis and other snail-borne
parasites (e.g. McCullough, 1981; Thcmas and Tait, 1984; Cambes and CQeng,
1986; Pointier et al., 1988). Among the putative control agents frequently
mentioned are species of freshwater snails that may prey upon, or compete with,
the snails transmitting schistosomiasis (MCllough, 1981; Pointier, 1983;
Pointier and McCullough, 1989). 

Kenya, in common with many African nations, is plagued by several
freshwater snail-I ansmitted trematodes that compromise human health (most
notably Schistosn mansoni and S. haematobium) or that infe.t doistic
livestock (especially S. bovis, S. mattheei and Fasciola crigmtica (Diesfeld
and Hecklau, 1978; Brown, 1980). The geographic distributions and habitat
preferences of the pulmonate snails that transmit these parasiLes in Kenya have
been relatively well-studied (e.g. Van Someren, 1946; Teesdale, 1962; Brown,
1980; Brown et al., 1981). 

Also presently found in Kenya are several species of gastropods
considered to have some potential as biological control agents. Included among
these are Helisoma dury , a North American pulmonate snail now present in
scattered locations in Africa (Appleton, 1977c; Madsen, 1979; Brown, 1980), and
Melanoides tuberculata, a prosobranch, which comprises part of the normal
freshwater snail fauna of Kenya (Brown, 1980). The latter snail, and its close
relative Thiara granifera, have in recent years been shown to have promise in
controlling schistosome-transmitting snails in freshwater habitats in the
Caribbean area (Prentice, 1983; Pointier et al., 1989; Pointier and McCullough,
1989). Also found in Kenya are representatives of the prosobranch family
Ampullariidae, including snails of the genera Pila and lanistes. Such snails
 
are ot relevance to the topic of biological control because several reports

have implicated the related apullariids Marisa cornuarietis and Am:ullaria

glauca as effective biological control agents of pulmonate snails (e.g.

Ferguson, 1977; Nguma 
 et al., 1982; Jobin et al., 1984; Pointier et al. 1988).
Efforts to develop feasible methods of biological control in Kenya are
currently hampered by the lack of information pertaining to putative control 
species which are poorly known with respect to current geographic
distributions, habitat preferences, and potential to coexist with vector 
species. 

From 1987 through early 1989, as part of a program to explore the
potential of developing biological methods of control of snail-transmitted 
parasites in Kenya, we surveyed freshwater gastropod habitats in southern
Kenya. In this paper, we first report general observations pertaining to the
distributional patterns of snails collected in over 200 habitats in this
region. We then report our observations pertaining to snail species considered 
to have potential in biological control, including recent distributional
information and patterns of co-oocurrence with parasite-transmitting snails of 
medical and veterinary significance. 



MATERIALS AND METHODS
 

Most of the snails collected in this survey were obtained in January of 
1987, 1988, and 1989 or in June and July of 1987 and 1988. A deliberate effort 
was made to search all types of waterbodies encountered during our survey 
tripz; the habitats fran which snails were recovered therefore represent a 
relatively unbiased selection of snail habitats in southern Kenya. To outline 
the major distributional patterns of snails in this region, our collection 
efforts emphasized obtaining an overview of representative regions of southern 
Kenya, rather than detailed collections on smaller scales. Snails were 
collected usin, standard wire mesh dip nets (mesh size of 5mmi), or were picked 
from vegetation or rocks pulled frcm the habitat. A minimum of one man-hour of 
collection time was expended in each locality. All snails encountered, 
regardless of species, were saved and were either preserved in 70% ethanol, 
frozen in liquid nitrogen for other studies, or were maintained alive and 
brought to the laboratory for further study. All snails were identified using 
keys and descriptions provided by the Danish Bilharziasis Laboratory (1973) or 
Brown (1980). All preserved snails will be deposited in the National Museum of 
Kenya in Nairobi.
 

The latitude and longitude of each collection locality was determined 
and recorded on a route map of Kenya (the SK 81 map, scale 1:1,000,000). Using 
the topographic information on this map (originally recorded in feet), each 
collection locality was assignea to one of the ten following altitudinal 
categories (in meters): 1 (0-152), 2 (153-305), 3 (306-610), 4 (611-915), 5 
(916-1220), 6 (1221-1524), 7 (1525-1829), 8 (1830-2134), 9 (2135-2439), and 10 
(2440-2743). For each collection location, the climatic regime was 
approximated by data collected by the nearest meteorological station (located 
by reference to the "Climatulogical Statistics for Kenya", issued by the Kenya 
Meterological Department, 1984). Each habitat in which snails were found was 
assigned to one of 15 recognized habitat categories; further information 
regarding habitats is provided in the attached list. 

It was of interest to determine if certain taxa of gastropods occur
 
together within the same natural habitat more or less often than would be 
predicted by chance alone. Therefore, for different pairs of gastropod taxa, 
we calculated a coefficient of association based on equation 19.44 provided by 
Zar (1984). This coefficient ranges from a value of +1 for complete co­
occurrence to -1 for a ccmplete lack of co-occurrence. The significance of the 
association was also assessed using the Fisher exact test (Zar, 1984). When 
calculating such coefficients, for each pair of taxa considered, we enumerated 
only habitats within a particular faunal region where both taxa were known to 
be present (see Figure 7). Coefficients could not be computed for some 
prominent pairs of taxa because they occupied different faunal regions. 
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RESULTS AND DISCJSSION
 

Comments on Identifications of Snails: As uncertainties persist
regarding the taxonomy and identification of sone groups of Kenyan freshwater 
gastropods, the following rationale is presented for the taxon designations
used in this study. We did not attempt to differentiate between species of 
bulinid snails of the Bulinus africanus group (snails in this group are also 
known as the subgenus or genus Physopsis). All such snails in our collections 
were desigrated as Bulinus (Physopsis) -p. Similarly, we did not attempt to 
differentiate among representatives of the Bulinus truncatus/trouicgs complex;
for convenience, they are referred to below as the Bulinus tropis complex.
Although the taxonomic scheme used may influence to a minor degree some of the 
statements made below, it is conservative and does not obscure the general
patterns. Many of the analyses were made at the generic or species group level 
and are therefore less subject to taxonomic bias. 

Observations on General Patterns of Freshwater Snail Distributions: 
The northern-most collections were made around Kitale and Maralal; logistical
constraints prevented collection in the relatively arid and remte regions of 
northern Kenya, including regions north and east of the Tana River. A total of 
195 natural and 8 artificial habitats containing snails were sampled; the 
locations of the sampling sites are indicated in Figure 1 and are detailed in 
the attached list. The distribution of the collection localities with respect
to altitude is indicated in Figure 2. Notice the relatively small numbers of 
collection sites located in altitude categories 3 and 4. These altitude ranges 
cover an extensive portion of eastern Kenya receiving less than 500 mm of rain 
per year (Ojany and Ogendo, 1973) and, despite extensive searching in this 
region, snail habitats were not abundant. Also, we collected in relatively few 
habitats above 2135 m because such habitats contain simplified and predictable
assemblages of snails of less relevance to public health. From the 195 natural 
habitats in which snails were found, a total of 33 gastropod taxa were 
recognized (Table 1), including 18 pulmonate and 15 prosobranch taxa. An 
additional pulmonate taxon, designated Helisoma sp. (probably Helisoma duty1) 
was recovered from the artificial habitats. The altitudinal range and the 
total number of habitats in which each taxon was found are also indicated in 
Table 1. 

One of the prominent patterns observed was the different overall 
distributions of prosobranchs and pulmonates, with the tormer group being more 
abundantly represented at lower aititudes and the latter at high altitudes. 
This pattern held true for both total number of taxa recovered (Figure 3) and 
the number of taxa per habitat (Figure 4). This pattern can not be attributed 
to differential representation of preferred prosobranch or pulmonate habitats 
at different altitiudes. For example, if a specified type of habitat is 
considered, the same trends hold true. Thus small dams in altitude categories
1 and 2 have significantly fewer pulmonates (t = 9.297, p < 0.001) and 
significantly more prosobranchs (t = 3.477, p = 0.001) than small dams in 
altitude categories 5 and 6. We did not find prosobranch snails at altitudes 
over 1800 m in this survey. For several prominent taxa of Kenyan snails, the 
proportion of habitats occupied, as a function of altitude, is indicated in 
Figure 5. 
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Not surprisingly, there is a strong inverse relationship between 
altitude and air temperature (Figure 6), over the range of altitudes examined 
in cur survey, implying that temperature (acting directly, or perhaps
indirectly on parameters such as dissolved oxygen concentration) plays a large
role in defining the major patterns of geographic distributions of Kenyan
freshwater snails. Brown (1980, p. 393) has noted that it is likely that 
temperature is of paramount importance in shaping gastropod distributions in 
southern Africa, and that the effect of temperature becomes particularly
obvious in areas where large climatic transitions occur (p. 361). Such is the 
case in a 200 km-wide zone in eastern Kenya where both dramatic climatic and 
faunal transitions co-occur. 

The important biogeographic role of temperature is further supported by
several studies of individual species of African freshwater snails, 
particularly those involved in transmission of schistoscmiasis (reviewed by
Appleton, 1978 and Brown, 1980). For example, Sturrock (1966) concluded that 
high temperatures are a major barrier to the colonization of the coastal plain
of Tanzania by Biomhalaria pfeifferi. Appleton (1977a,b) observed that 
absence of B. pfeifferi in shallow waterbodies on tle sub-tropical coastal 
plain of Natal and Mozambique was due to the adverse effects of high 
temperature on gametogenesis and development of the gonad (Appleton and 
Eriksson, 1984). Although comparably detailed .mperature data derived from 
snail habitats in coastal Kenya are not presently available, it is probable
that temperature regimes experienced in this region would normally prevent 
colonization by .B. pfeifferi. This view is supported by the work in coastal 
Kenya of O'Keefe (1985a,b) who noted a strong inverse relationship between the 
the intrinsic rate of natural increase ot Bulinus globosus and mean monthly
water temperature. Several of the monthly means reported by O'Keefe are above 
the 29 C maximum optimum for B. pfeifferi discussed by Appleton and Eriksson 
(1984). Distributions can also be limited by low environmental temperatures, 
as exemplified by studies with B. ql in southern Africa; this species
does not breed at higher altitudes during the cool season (Shiff, 1964b), and 
laboratory studies have shown that maturity is delayed and fecundity s1arply
reduced at low temperatures (Shiff, 1964a). Although it is generally
appreciated that cool temperatures are unfavorable to many genera of African 
prosobranchs (e.g. Brown, 1980, p. 391), there are no detailed studies to 
assess the effects of temperature on their distributions. 

It is important to consider that the role of temperature in shaping
geographic distributions may be less direct than envisioned above, and may
actually affect other parameters such as dissolved oxygen concentration. For 
example, van Someren (1946) expressed the opinion that temperature per se had 
little direct effect on L. natalensis, but that high temperatures may have 
reduced the oxygen :ension in the water to detrimental levels, particularly by
increasing rates of plant growth and organic decay. 

Temperature is certainly not the only factor involved in controlling
broad distributional patterns of gastropods in East Africa. One example of the 
potential complexities involved is provided by Lanistes carinatus, which in our 
survey was recovered only from the coastal lowlands. Although this 
distribution would imply a strict dependence on warm tropical conditions, 



Mandahl-Barth (1954) reports this species from Lake Kyoga and adjacent areas in 
Uganda, and it is abundant in the Nile drainage (Brown, 1980). We were able 
to establish self-perpetuating colonies of this species in concrete-lined 
outdoor aquaria on the grounds of the Division of Vector-Borne Diseases in 
Nairobi (unpublished observations). In this case, it would appear that the 
requirements for tropical conditions as experienced on the coast are not 
absolute. For large dioecious prosobranchs such as Lanistes and Pila, 
limitations in geographic range may well be imposed by relatively poor
dispersal ability, by the activity of biological factors such as predation, or 
of same as yet unappreciated combination of these factors acting in concert 
with temperature constraints (see Davis, 1982 for a general discussion of 
factors shaping biogeography of freshwater snails). 

MaoRegional Faunas Within Southern Kenya: While collecting snails 
across the broad geographic scale presented by southern Kenya, it became 
apparent that different regions possessed characteristic molluscan faunas, and, 
at least in same cases, sharp discontinuities could be identified between 
regions. Based on our collections which, as noted above, were intended to 
reveal large-scale patterns, we recognized five distinct regional freshwater 
gastropcd faunas within southein Kenya. Further in-depth collections in 
specific regions, such as those performed by Brown (1975) on the Kano Plains in 
western Kenya, may result in the recognition of additional characteristic 
assemblages, or may allow the boundaries of different faunal regions to be more 
precisely defined. Data pertaining to the relative abundance of different 
gastropod taxa in each fauna are presented in Figure 7, and were used to define 
the five groups described below: 

1) Coastal Lowland Fauna: This fauna is dominated by the prosobranch 
genera Lanistes and Cleopatra, and to a lesser extent by Bellamya, Pila and 
Melanoides. The single most abundant taxon, however, is the Bulinus 
(Physpsis) species group which is also the only common pulmonate taxon in this 
region. This fauna is confined to altitudes below approximately 300m (it
includes altitude categories 1 and 2). Biomphalaria is absent from the coastal 
fauna, and both Lymna and the Bulinus tropicus group are relatively uncommon. 

2) Upland Fauna: This fauna is separated from the coastal fauna by a 
relatively sharp transitional zone between 300 - 600 m (altitude category 3)
which is arid and contains relatively few snail habitats. Pila, Cleopatra and 
Bulinus (Physopsis) are found in the transitional zone; Biomphalaria may also 
extend down to altitudes of 300 m (Brown et al. 1981) although we did not 
observe this genus below 600 m in our survey. 

The upland fauna defined here is found at altitudes between 600 and 
1830 m (altitude categories 4-7) and is bounded approximately by Voi to the 
east, and the Nyanza Low Plateau to the west. Our collections do not permit us 
to define the northern limits of the upland fauna, although collections around 
Isiolo are typical of this faunal region. It extends to the Tanzanian border 
to the south. This fauna is characterized by relatively abundant 
representation of pulmonate genera including Biomphalaria (especially _.
pfeifferi), Lymnae, and Bulinus. Among the species groups of Bulinus, the 
tropicus group, forskali group, and the Physopsis group are all well­
represented. The prosoh ranch genera Bella , and Melanoides are represented
in this region, but are more rarely encountered than the most common 
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pulmonates. These two genera are absent in our upland collection sites lying
west of Nairobi. The introduced species s acuta appears in several natural 
habitats in this region, again especially in the ei. tern portion of the upland 
region. 

3) Highland Fauna: This faunal region is found at altitudes above 
1830m, an altitude range that is not well-represented in our collections. It 
is not sharply demarcated from the upland fauna defined above but is 
nonetheless distinguishable for the following reasons: 1) prosobranchs are 
lacking; 2) Bimphalaria is rare and Bulinus (hysopsis) is apparently absent,
meaning that human schistoscmiasis transmission in this region is rare; 3)
Lymnae and the Bulinus tropicus group are the dominant gastropods; 4) small 
pulmonates including Ceratophallus and Ferrissia sp. are relatively more common 
than in the previously mentioned faunal regions, and 5) the average number of 
taxa per habitat is relatively low (Figures 3 and 4). 

4) Nyanza Low Plateau Fauna: This region consists of areas ranging 
from the shore of Lake Victoria (altitude 1240 m) up to an altitude of 
approximately 1520 m, in western Kenya. Its boundary with the upland fauna is 
not sharp but it is considered distinct on the following grounds: 1) the 
anpillariid genus Pila is common in this region; 2) other prosobranchs
including Gabbiella humerosa and Cleopatra guillemei are cammon here but 
lacking in the upland fauna. To a lesser extent, Melanoides and Bellamya are 
also represented (our original collections do not include these latter two 
genera from this region but recent observations made near Makalders Mines west 
of Migori indicate they are present); 3) Bulina (Physopsis), Binus forskali,
Ceratophallus, and BioMph~alaria sudanica are relatively more abundant than in 
the upland fauna; and 4) the small pulmonate genus Secmentorbis is present in 
this region but rare or absent in the upland fauna. The fauna of the Nyanza
low plateau is clearly influenced by Lake Victoria but differs from the lake in 
several ways, including: 1) the absense of endemic lacustrine species such as 
Biomphalaria choanomphala; 2) the relative scarcity of the prosobranchs
(especially noticeable in this regard are Melanoides tuberculata and Bellaa 
sp., both of which are abundantly represented in the lake; and 3) lower overall 
numbers of taxa per collection site. 

5) Lake Victoria Fauna: The freshwater gastropod fauna of Lake Victoria 
has been relatively well-clmracterized (e.g. Mandahl-Barth, 1954; Brown, 1980)
and includes five prosobranch and nine pulmhnate genera. Relative to 
collecting sites in the other identified faunal regions of Kenya, the diversity
of species in our six collections from the Ken an shore of the lake is high
(Figure 4). Both pulmonates and prosobranchs contribute to this greater
diversity. Sinilarly, as ccmpared to other recognized habitat types, the shore 
of Lake Victoria supports a diverse fauna (Figure 8). Our mollections under­
represent the known diversity of the lake's gastropod fauna as they did not 

of times each taxon 

include limpets of the genus Burnupia, Lentorbis Junodi, or Cleo cridlandi 
(Brown, 1980). 

Observations on Habitat sOccupied Particular Taxa: The number 
was recovered from each of the 15 designated habitat types

is indicated in Table 2. The average number of taxa recovered from the 15 
different recognized habitat categories are indicated in Figure 8. As 
mentioned above, collection localities on the shores of Lake Victoria contained 
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the most diverse gastropod assemblages. Most other habitat types contained on 
average between 2 and 3 gastropod species. Ephemeral habitats (categories 8 
and 9) had lalatively low numbers of species. The three most frequently
represented habitat types in our survey were small dams, small flowing streams,
and small intermittent streams; the total number of different taxa collected in 
these three habitat types were 22, 20 and 18, res,-ectively. The potential for
involvement of these three habitat types in transmsision of human 
schistosaniasis or fascioliasis is emphasized in Figure 9. With a few obvious 
exceptions such as B. choanomphala which is endemic to Lake Victoria, most 
common taxa were collected in a variety of habitat types (Figure 10) and were 
commonly found in both impounded water and stream courses. For example, _.

forskali was found in 14 of the 15 recognized habitat types, in sites as 
diverse as the Lake Victoria shoreline and small, ephemeral pools. 

Within Habitat Associations Between Taxa: Coefficients of associations 
between the prominent taxa of gastropods relevant to our study are summarized 
in Table 3. First it should be noted that such coefficients have been 
calcuJtated separately for each faunal region (except for Lake Victoria). Such 
coefficients can not be calculated for some pairs of taxa simply because they 
occupy different regions. For example, the geographic ranges of Biomphalaria
and lanistes do not overlap in Kenya, so they do not co-occur within the same 
habitat. Among the coefficients calculated, relatively few significant
associations were noted, suggesting that even within a particular faunal 
region, the species composition within habitats is not highly predictable. 

There are some exceptions to this generalization. In the coastal 
lowlands, L. carinatus has a significant negative association with both Bulinus 
(Physopsis) and L. ovum In the upland fauna, B. pfeifferi has a significant
positivp association with both L. natalensis and the Bulinus tropi complex.
In the Nyanza low plateau fauna, snails of the Bulinus tropicus complex show 
significant negative associations with both B. pfeifferi and Bulinus 
Physopsis), and B. pfeifferi is negatively associated with P. ovata. Our 
resu:lIts regarding a significant positive association between L. natalensis and 
B. pfeifferi in the upland fauna are in essential agreement with those of 
van Someren (1946) who also noted strong positive associations in Kenya. This 
further implies that Kenyan habitats involved in transmission of Schistosoma 
mansoni are likely also to be involved in transmission of Fasciola gigantica as
 
well (see van Someren, 1946 for additional discussion). It should be noted 
however that L. natalensis has a broader altitudinal range in Kenya than B.
pfeifferi such that the presence of the former can not necessarily be used to 
predict the potential suitability of the habitat for the latter. 

In South Africa, van Eeden and Combrinck (1966) noted strong positive
associations between L. natalensis and Bulinus (Physopsis), and observed 
similar distributions of these two taxa with respect to altitude; for example,
both taxa showed peak abundance at approximately 3000 ft.- They concluded that 
in South Africa L. natalensis can be regarded as an indicator species of the 
suitability of a particular habitat for colonization by Bulinus (Physopsis).
In our study, these two taxa did not show significant positive associations,
and their altitudinal distributions were somewhat different with L. natalensis 
being proportionately more abundant at higher altitudes and Bulinus (.Dhysopsis) 
more abundant at lower altitudes. However, our results are are in essential 
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agreement with their conclusion that with increasing altitude, Bulinus 
(Physoysis) first drops out followed by Lymna and finally Blinus (van Eeden 
and Cambrinck, 1966). Other significant associations observed are discussed 
below. 

Observations on Specific Taxa of Potential Significance in Biological
 
Control:
 

Helisoma sp.: Snails of this North American genus, perhaps more than 
one species, have been present in scattered localities in Africa for at least 
22 years, and have been present in Kenya since at least 1974 (Brown, 1967;
Haller, 1974; Appleton, 1977c; Brown, 1980). Potential use of this snail in 
biological control of schistosome-transmitting snails in Africa has been 
discussed by several authors (Appleton, 1977c; Frandsen and Madsen, 1979;
Brown, 1980; Mari-en, 1983). Appleton (1977c) and Brown (1980) noted that the 
ability of Helisoma to persist in other than artificial or semi-artificial 
habitats in Africa can be doubted as it has not spread into natural habitats 
from such restricted fcci. Also, Karoum (1988) noted that Helisoma duryj
populations did not establish well in field breeding sites in the Sudan. 

Our recent collections support this conclusion. Helisoma was recovered 
only in habitats that were lined with concrete, typically in ornamental pools.
Populations of Helisoma were found in-Malindi, Mombasa, Nairobi, and near lake 
Naivasha. Natural habitats in the vicinity of such ornamental pools were 
searched but were consistently negative for this species. We did not find 
Helisoma in the Mazeras Botanical Garden where it has been previously reported
(Brown, 1980). We have not extensively surveyed artificial habitats such as 
ornamental pools in other locations in Kenya so we can not comient on its 
presence in locations to the west and north of Lake Naivasha. In Kenya,
Helisoma therefore differs from other exotic s'oecies such as Physa acuta or 
Lymna truncatula in being rare or absent fromi natural habitats. Although
hermaphroditic, African Helisoma are apparently obligatory out-crossers (Madsen 
et al., 1983). This property may limit its ability to indiscriminately spread
into new habitats nich can be interpreted as a favorable characteristic for a 
putative biological control candidate (e.g. Madsen, 1983). In our opinion,
this or other as yet unresolved factors significantly impair colonization by
Helisoma of natural habitats in Kenya, and consequently cast sericus doubt on 
its ability to function effectively in a biological control context. 

The potential difficulty for field workers in differentiating some 
specimens of Helisoma from Biomphalaria (e.g. Brown, 1980, p. 180) deserves
 
reiteration. In Bamburi, we found specimens that could be confirmed as 
Helisoma only after dissection and examination of the genitalia. Conversely,
in habitat #190 in western Kenya, specimens of B. pfeifferi \ith unusually high
whorls required dissection to avoid misdiagnosis as Helisoma. 

Melanoides tuberculata: Recent studies by Prentice (1983) and Pointier 
and co-workers in the Caribbean area indicate that this species, and the 
closely related Thiara ranifera, are capable of rapidly colonizing habitats 
and reducing and even eliminating populations of Biomphalaria (Pointier, 1983; 
Pointier et al., 1989; Pointier and McCullough, 1989). For example, in water­
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cress beds in Martinique, M. tuberculata established dense populations in less 
than one year, and apparently eliminated B. g1abrata within two years (Pointier 
et al., 1989). The exact mechanism whereby thiarids snails displace
Biomphalaria in the Neotropics is not known. 

In Kenya, M. tuberculata was the most commo n prosobranch snail overall 
in our collections. Its altitudinal range is relatively broad and it was found 
at a higher altitude (1100 m, near Kitui) than any other Kenyan prosobranch
except Bellamya unicolor. As indicated in Figure 1, this species is most 
commonly encountered in natural habitats in eastern Kenya. It is also 
frequently observed in ornamental pools. Its relative abundance in any
altitudinal category never approached that of the common pulmonates or low­
altitude prosobranchs (Figure 5). Although this species is coumon in Lake 
Victoria, it is relatively rare in small habitats adjacent to, but separate
from the lake. Mandabl-Barth (1954) found M. tuberculata to be abundant in 
large lakes and rivers in Uganda, but rare in smaller habitats throughout the 
country. We noted no significant patterns of association, either positive or 
negative, for this snail w;ith other gastropod taxa. In 24 of the 33 natural 
habitats where M. tuberculata was enccuntered, it coexisted with snails capable
of tran.smitting human schistosomiasis or fascioliasis (Table 4). In the Kitui 
region, we have made periodic observations of three habitats where both M. 
tuberculata and B. pfeifferi are present. The former species has remained much 
more abundant than the latter over a three year period of observation. 

The potential role of M. tuberculata in biological control in Africa in 
general, and Kenya in specific, remains enigmatic, and deserves additional 
study. Thomas and Tait (1984) indicated that this species may be useful in 
biological control in lotic environments based on their field and laboratory
studies in Nigeria, although the observed interactions of M. tuberculata with 
target species were much less dramatic than observed in the Caribbean area. 
Karoum (1988) noted no negative associations between M. tuberculata and B. 
pfeifferi in the Gezira, and one year noted a positive association. Pulmonates 
of medical significance apparently coexist with this species in stable 
associations in Kenya, but this dces not rule out the possibility that M. 
tuberculata exerts a negative effect under such circumstances. A more 
dramatic competitive effect, perhaps similar to results obtained in the 
Caribbean area, might be observed if Kenyan specimens of M. tuberculata were 
transplanted into habitats were they presently do not occur. Such 
introductions may favor a rapid and extensive proliferation capable of causing
elimination of target species. However, it must also be considered that 
African pulmonates have probably co-existed with M. 'nuberculata over long time 
intervals, and may have adjusted to any adverse effects of this species. Also,
snails recognized as M. tuberculata collectively have a huge geographic range
(Pace, 1973; Brown, 1980), and genetic studies are needed to determine if 
African specimens are, in fact, closely related to specimens from the Caribbean 
islands. 

East African specimens of M. tuberculata harbor trematode infections 
(e.g. Fain, 1953; Loker et al., 1981; Sommerville, 1982), a fact that must be 
borne in mind should these snails be considered for extensive use in a program
of biological control. Although this snail has been implicated as a possible
host of Paragonimus westermani and Clonorchis sinensis (Tucker-Abbott, 1952),
it is unlikely to be involved in transmsission of either parasite in East 
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Africa (Malek, 1980; Brown, 1980). Also, it is known to transmit the 
heterophyid trematode Haplorchis pumilio in Kenya, which utilizes fish such as 
Tilapia as a second intermediate host (Sommerville, 1982). Finally, should M. 
tuberculata prove to be an effective biological control agent, one distinct 
advantage it would enjoy over other proposed control agents such as 
ampullariids and crustaceans is that it is very unlikely tc damage rice or 
other aquatic crops (e.g. Pointier et al., 1989). 

Cleopat: Consideration of this thiarid genus in the context of 
biological control may be relevant considering that related snails seem to be 
successful control a7ents in the Neotropics. Furthermore, C. ferruginea and C. 
bulimoides are both abundant in the coastal lowlands and in many of the streams 
in this area are the dominant gastropod species. In some intermittent streams, 
such as the Rare River (#42), they virtually cover the substrate. At higher
altitudes, this genus is relatively rare; representatives were recovered in 
Lake Baringo (designated as C. bulimoides conene) and in the Nyanza low 
plateau (C. uillemei). 

Our distributional data indicate that thriving populations of Bulinus 
(Physopsis) often coexist with Cleopatra, even in locations where the latter 
genus is very abundant. In the coastal region, in 21 of 29 habitats where 
Cleopatra was found, Bulinus (hysosis) was also present. These two taxa 
occupy different microhabitats, the former being heavy-shelled snails confined 
to substrates while the latter is typically noted attached to vegetation or 
other objects higher in the water column, or along the margin of the habitat. 
Such microhabitat differences may prevent any effective form of competition 
from occurring. 

Pila ovata: Other apullariid species including Marisa cornuarietis 
and Ampullaria glauca have been implicated as effective biological control 
agents of pulmonate snails. For example, Nguma et al. (1982) introduced Marisa 
into a pond in northern Tanzania and noted the complete disappearance of B. 
pfeifferi, Bulinus tropicus, and L. natalensis in approximately 24 months. A 
relatively recent study by Pointier et al. (1988) in a small lake in Guadeloupe 
demonstrated the near coplete displacement of Biomphalaria qlabrata by 
Ampullaia glauca, an effect that was attributed to the voracious comsumption 
by the ampullariid of plants favorable to B. glabrata. In addition to 
destroying aquatic vegetation that may serve as food sources or oviposition
sites for pulmonates, ampullariids may also exert a control effect by acting as 
predators of egg masses, juveniles and even adult pulmonates (chernin et al., 
1956; Demian and Lutfy, 1965, 1966; Cedeno-Leon and Thomas, 1983). We have 
noted that native Kenyan ampullariids P. ovata and L. carinatus share with 
Marisa the ability to consume egg masses and juveniles of planorbid snails 
(unpublished data). Consequently itwas of interest to examine the patterns of 
association of these ampullariids with pumonates in Kenya. 
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The distribution of P. ovata in Kenalr is discontinuous (Figure 1).
This species is relatively common in collections from the coastal region of
Kenya, and is also cummon both in lake Victoria and in adjacent habitats in the
Nyanza low plateau. It was recovered in other scattered localities in eastern 
Kenya, typically in altitude categories 4 or below. Although we did not 
recover specimens that could unambiguously be classified as Pila wernei, this
species is known to exist in Kenya along the nothern coastal region (Brown,

1980) and is found in swamps on the north end of Lake Turkana, actually in
 
Ethiopia (Cohen, 1986).
 

In 18 of our 28 collection localities for P. ovata, pulmnate snailscapable of transmitting either human schistosomiasis or fascioliasis were found 
(Table 4). It was commonly found with Bulinus (Physopsis) and L. natalensis. 
P. ovata was noted to have a significant negative coefficient of association
 
with B. pfeifferi in the Nyanza low plateau, otherwise this species had no

significant asscciation with other gastropods in our collections. Although

this result suggests that P. ovata may exert some control influence over B.

pfeifferi, further collection data are required to substantiate this finding.

Also, other interpretations are possible and should be considered in future

studies. For example, the ability of P. ovata to exist in temporary habitats
is well known (Brown, 1980), and the negative association could simply reflect 
differences in habitat preferences, as B. pfeifferi is more confined to 
permanent water bodies. in several of the P.However, ovata habitats where B.
 
pfeifteri was absent, L. natalensis was present, suggesting that habitat
 
conditions existed that were generally favorable to B. pfeifferi. Finally, 
 the
negative association of P. ovata and B. pfeifferi may simply reflect 
differences in climatic preferences; over much of Kenya, the ranges of these 
two species do not coincide. 

Based on the present distributions of P. ovata and target pulmonate
species in Kenya, we conclude that any effect this species has as a control 
agent is subtle at best. For the future, long-term laboratory studies are 
needed to establish if P. ovata can exert a significant effect on populations
of target species. Such studies typically favor the control species and
enhance the chiance of observiNr a favorable effect. If such studies produce
negative results, it seems very doubtful that P. ovata could be effective under 
field conditions. Also, exp -rimental introductions of P. ovata into suitable
sites containing target species should also be undertaken, to determine if this 
species can establish outside its present range, and if can exert negativea
effect on populations of target species. Habitats chosen for such studies 
should be far removed from rice-growing areas. 

Lanistes carinatus: This apuilariid, in common with other members of
the genus, has a rest-icted distribution in Kenya, presently being found only
in coastal Kenya at altitudes below approximately 200 m. We found it only in
habitats to the north of Mombasa, particularly in the vicinity of Malindi.
This species was typically found in lentic habitats, often in association with 
the floating leaves of water lilies (Nymphae). We have noted that the stomach 
contents of L. carinatus consist largely of detritus, and thereby differ from
the stomach contents of P. ovata which consist primarily of macrophytes
(unpublished data). Karoum (1988) also noted that L. carinatus consumes
significantly fewer aquatic macrophytes than Marisa in the Gezira. Often it 
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could be predicted if a particular habitat contained this species by noting the 
presence of flocks of open-bill storks (Anastomus lamelligerus) in the 
vicinity. Such storks are conspicuous predators of this snail species in 
Kenya. 

This species has received some consideration as a potential control 
agent of pulmonates in the Gezira Agricultural Scheme in the Sudan where it 
occurs naturally (Karoum, 1988). It was noted that L. carinatus populations

became established in all three experimental canals where it was introduced, 
but it was found at low densities, and its introduction did not resl1.t in any
clear impact on the target species, Bicmphalaria pfeifferi and Bulinus 
truncatus. Although a gradual reduction in the density of B. pfeifferi was 
noted in canals containing L. carinatus, weed-clearing operations were underway 
at the saie time, rendering conclusions difficult (Karoum, 1988). Madsen et 
al. (in press) noted a positive correlation between L. carinatus and B. 
pfeifferi in the Gezira and Rahad irrigation schemes in the Sudan. 

In our studies it was found to have a significant negative coefficient 
of association with both ILanistes ovum (all subspecies considered together) and 
Blinus (Physopsis). Nonetheless, in 17 of the natural habitats where we found 
L. carinatus, it coexisted with Bulinus (Physopsis) in 6 (Table 4). Once 
again, even though this species can consume pulmonate egg masses and juvenilez
under laboratory conditions, and it may be a effective food competitor for 
schistosome-transmitting pulmonates, its ability to control natural populatiors
of target species below a level that wouid prohibit schistosomiasis 
transmission can be severely doubted. Other factors, including predation by
birds, and avoidance behavior by bulinid snails, may effectively nullify any
beneficial effect of this species in controlling Bulinus (Physopsis) in Keniya.
As previously noted, the distribution of this species in East Africa is 
peculiar and, at least in Kenya, it does not appear to overlap the distribution 
of Biomphalaria. Experimental introductions to determine if L. carinatus can 
displace existing populations of B. pfeifferi in Kenya should be attempted. 

lanistes ovum: The three recognized subspecies of L. ovum are confined 
in Kenya to altitudes less than 305 m. The possible role of these snails as 
biological control agents has received very little attention, although Teesdale 
(1962) observed that Lanistes olivaceous, a synonym for L. ovum (Brown, 1980),
is often found in coastal habitats in Kenya where Bulinus (Physopsis) is 
absent. He noted that it was more likely that this reflected different habitat 
preferences rather than competitive exclusion by the apullariid. 

In the majority of our collection localities for L. ovum, it was 
coexisting with Bulinus (Pyspgis) (Table 4), including locations wiiere both 
snail taxa were thriving. Many of the same considerations discussed above also 
apply to L. ovum and, in our present opinion, any control effect exerted by
this species must be subtle and at a level that would be unlikely to preclude 
successful transmission of schistosomiasis. 

Marisa cornuarietis: To our knowledge, this snail presently is not 
found in Kenya. It has been introduced in habitats near Moshi, Tanzania, at a 
distance of approximately 100 km from the Kenya border (Nguma et al., 1982).
Its establishment in a single dam there coincided with the disappearance of at 
least three pulmonate species of medical significance. For a variety of 
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reasons, it is un- ikely to spread extensively beyond its point of introduction 
in Tanzania (Nguma et a]., 1982). M. cornuarietis hcaf also been introduced in
the Sudan, and specimens have been introduced into the Gezira Agricultural
Scheme (Haridi et al., 1985; Karoum, 1988). Karoum (1988) experienced
difficulty in establishing dense populations in irrigation canals, but noticed 
that in sites where M. cornuarietis became established that submerged
macrophytes disappeared and that significant reductions in B. tnincatus 
populations were noted. A less obvious effect was noted for B. pfeifferi.
Because of the difficulty in establishing thriving populations, Karoum (1q88)
advised caution in interpretation of their results and suggested that further 
long-term study is needed. 

In our opinion, indilenous ampullariids are present in Kenya, and their
potential in biological control operation-, should be thoroughly explored before 
the option of introducing an exotic snail such as Marisa is exercised. Our
distributional studies provide some justification for further study of native 
species, particularly for the combinations of P. ovata and B. pfeifferi, and L.
carinatus and Bulinus (Physopsis). Also, other labcratory studies suggest that 
indigenous ampullariid species consume egg masses and juvenile snails at rates 
comparable to Marisa. Experimental introductions of native ampullariids should
be attempted and evaluated prior to use of Marisa. As rice is an important
food crop in Kenya, the decision to use any apullariid in biological control
should be considered carefully, and rice-growing areas should be avoided as 
introduction sites, at least until further information on the extent of the 
risk becomes available. Relevant points regarding the danger of Marisa and
other ampullariids to rice plants are summarized by Nguma et al. (1982) and
Karoum (1988). Our concern about further introductions of Marisa into tropical
Africa are heightened by recent reports from Japan regarding introductions 
there of the related South American snail Ampullaria glauc, which has become a
serious pest in rice fields (Nishimura et al., 1986). Finally, any program of 
biological control based on the use of Marisa or other indigenous ampullariids

should carefully consider the possibie implications with respect to
 
transmission of Aniostronqvlus cantonensis and related nematodes. A.

cantonensis is not presently known from East Africa, 
 but its geographic range
is expanding (Cross, 1987), and Lanistes carinatus snails in Egypt have been
found naturally infected (Yousif and Ibrahim, 1978). Although we have not 
found any such nematodes in over 400 ampullariids snails from Kenya, the
possibility may exist in the future for transmission of this parasite in East 
Africa. 

Other Biological Control Aents: In addition to competitor/predator
snails, a variety of other biological control agents for pulmonate snails have 
been proposed over the years (see reviews by M[ichelson.. 1957; McCullough, 1981;
Thomas and Tait, 1984; Combes and Cheng, 1986; Pointier et al., 1988. In 
Kenya, McMahon et al., (1977) have explored the potential for ushing fish in
snail control, and noted some potential for Astatoreochromis alluaudi to reduce 
populations of B. pfeifferi in earthen dams westernin Kenya. To our 
,"ncvledge, these initial studies have not been pursued by other workers. 

Another qroup of organisms deserving of additional study in a
biocontrol context in Kenya are both irdigenous and introduced decapod
crustaceans. While collecting snails from different parts of Kenya, becameit 
apparent that freshwater crabs were abundant in certain types of habitats, 
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particularly in streams in areas within 50 kmn of the coast or in western Kenya.
Such habitats often either did not contain snails or supported predominantly
populations of prosobranchs including Cleopatra, Bel, Melanoides and 
Lanistes. These four genera of snails all possess a tough operculum and a 
thickened shell that is difficult to crack even with pliers. In contrast, in 
most habitats sampled in upland an' highland Kenya, particularly in isolated 
impoundments, crabs and most pro-. Joranch genera are lacking, and relatively
thin-shelled pulmonates such as L. natalensis and B. pfeifferi predominate. 

Although we still believe that altitude and its effect on tr-npeature
play a major role in influencing gastropcd distributions in Kenya, a role for
predation by decapods has not been explicitly ruled out, and is compatible with 
the overall trends we have observed. Furthermore, we have noted that as yet
unidentified crabs from a stream near Mazeras in the coastal region readily eat 
pulmonate snails in the laboratory (see also Lagrange and Fain [1952] and 
Deschiens et al. [1955]). Caution is warranted, hc-,ever, as such crabs co-exist 
with Bulinus (Flysopsis). Another possible example of the impact of 
crustaceans on snail populations in Kenya is provided by Lake Naiv-sha where
snails such as B. sudanica that used to be present there (e.g. Brown, 1980)
have not recently been found. Such changes may be directly attributable to the 
presence of the North American crayfish Procanbarus clarkii which has thrived 
in the lake since its original introduction in about 1970 (Lowery and Mendes,
1977). We have also observed smaller impoundments in the uplands of Kenya
where crayfish are abundant and snails are virtually lacking, and have observed
that P. clarkii readily consumes snails in the laboratory. It is also known 
for its voracious consumption of macrophytes, including possibly rice plants
(Sommer and Goldman, 1983; Feminella and Resh, 1989). 
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Appendix 1: Listed for each habitat is a local name, habitat type (indicated
in parentheses with a number ranging from 1 to 15), and latitude and longitude.
The habitat typer were defined as follcs: 1) artificial habitat, 	mostly
concrete-lined ornamental pools; 2) Lake Victoria, collections made from shore; 
3) Other large lakes, including Lakes Naivasha, Baringo, and Jipe, collections 
made from shore; 4) large permanent dams or small lakes; 5) small 	dams that 
permanently hold water; 6) dams in small stream channels; 7) large natural 
swamps and marshes; 8) borrow pits or overflow areas, typicaly adjacent to 
roads; 9) shallow and ephemeral pans; 10) shallow seepage areas around natural 
springs; 11) margins and pools of small, flowing streams; 12) margins and pools
of large, flowing rivers; 13) pools in small, intermittent streams; 14)
irrigation canals and ditches with slowly flowing water; 15) small man-made 
trenches with non-flowing water. 

1. Matingani Stream (10 , 7 S6 37, 53 E;
 
2. Matingani Dam (9), 1 7,S, 37 53 

0 03. Muthamo Dam (5), 1 8.4 3' 38, 2.7 , 
4. Muthamo Spillway (11), 1 8,4 S, 88 2,7 E; 
5. Muthamo Seepage (1), 10 8.4,S, 38 2.7,E;
 
6. Migwani Seepage (II ,i°,4.8 S6 8°,2.1 E; 
7. bondoni Dam (4), 00 57 S, 38 g.4 E; 

1O O8. Kwakasoa Dar (9), 29.7 S, 3 9,5 E; 
9. Kangonde Dam (4), 10 2.1 S, 37 43 ; 
10. Kangonde Seepaqe (8), 1! 2,1 S, g7 43,E; 
11. Mwea East Pond (5), 0 4.0,S, 37 30.0,E; 
12. Mwea West Pond (5)6 00 4,0 S, 870 0.0 E; 
13. Nairobi Dam (4), 1 7.2 S, 36 82 E; , 
14. Grogan Canal (11?, 3 ?5.5 S6 37 44.5 E; 
15. Lake Jipe (3), 3 36.5 S, 37, 46.6 E; , 
16. Kwahcana Stream (11), 30 23,5 S 87O9394 E; 
17. Mtawa Stream (11)6 40 29.7 S, 39 2 .5 E; 
18. Muhaka Dam (4), 4 17.8 S, 39 30.2 E; , o 
19. Provincial Headquarters Pond (1), 40 3.9 S, 3980.7 E; 
20. Mazeras Botanical Garden P8nd (5), 30 87.7 S, 39 33.0 E; 
21. Mazeras Garden Pool (i1, 3 7.7 S6 39 3.0 E; 
22. Bamburi Pond #1 (1), 3 58.8,S, 39 43.1,E; 
23. Bamburi Pond #2 (1), 30 58.8,S, 390 43.1,E; 
24. Bamburi Pond #3 (1): 30 58.8,S, 390 43.4 E; 
25. Chem-iem Swamp (7), 30 12.3 S, 400 2,3 E; 0 
26. Stardust Ornamental Pool (s), 30,11.6 9, 40, 6.9 E; 
27. Eden Roc Hotel Pool pi), 3, 11.6 0 S, 40, 6.9 E; 
28. Asawo Stream (ii , 0 16.3 S 34 9.4 E; 
29. Ndori Dam (5), 0 1564 S,,34 59.5 E;,
 
30. Kisumu Ditch (14), 0 8.9 S, 34 86.3 E; 
31. Martin's Drain (1i), 0 5.9 , 34 46.3 ; 
32. Old Prison F-am (14), 00 6.5 , 340 44.5 
33. Dunga-L. Victoria 2), 9 5.0 S, 34, 44.2 E; 
34. Hippo Point (2), 0 7,4 S, 34 44,2 E; 
35. ADC Farm (15), 00 4.7 S, 34 44.5 E 0 

36. West Kano Irrigati8 n System (14), 0 .5.0 S, 34 49.3 E; 
37. Lake Jilori (7), 3 i .4 S, 390 53.2 E;
 
38. Dzimhwini-West (5), 3 9.1,S, 390 50.9,E; 
39. Dzibini-East (5), 30 9.1 , 39 50.9 ; 
40. Mbaratum Goshi (7), 30 1A.0 S, 3905.4 E;
 
41. L. Gulaiai Ng'onda 4), 3, 6.3 el' 39 45.5 E; 
42. 	Rare River (13), 3 31.1 S, 39 45.9 E; 
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43. Kachororoni Dam 6), 3, 29.0 S, 39, 	42.7 E; 
44. Ganze Dam (5), 3 34.1 S 39 41.1 E"
 
45. Ndizovuni Stream (13, 36 6.4 S6 3969.2 E; 
46. Mwachi River (13), 3 o57.9,, 39 31.4,E;
 
47. Mbandi Stream (13), 4 7.g S, ?9 2062 E; , 
48. Kiziamondo Stream g13),,4 7.9 S, 39 19.8 E; 
49. Kinarqo Dam (5), 8 7.9,S, 390 18.8,E; 
50. Bububu am (5), 8 14.4 S, 3g0 34. 	 E;
 
51. Shaimu Dam (7), 4 17.3 S6 39 ?0.4 E­
52. Mkurumuji Stream (11, 461.5 S6 396 ?6.9 E; 
53. Kambe Stream (13), 4 g6.4 S, 39 8.9 E;
 
54. Kiwegu Village 415), 4 37.8 S, 39 	 12.5 E; 
55. Mwarngwei (5), 4 30.6 S, 39, 16.8nE; ,
 
56. Mangewa River (13), o 47. S, 38- 22.? E;
 
57 Chumvi River (13), 2 18.1 S,,37 4g.7 E;,
 
58. KisLum-Homa Pond (8), 0, 10.10, 34, 54.9 E; 
59. Kembija Dam (5), 0 2.4 S, 34 30.8 	E; , 
60. Nyachido Stream (11), 8 2.7 S, 38 	24.9 E; 
61. Nyamguu Stream (13)6 0 ..8 S, 34 2 .7 E; 
62. Dago Stream (15), 0 0.6 V, 340 32.7 ; 
63. Otodo Stream (13, 00 .0 N,o340 34.1 E; 
64. Kendu Bay (2), 0 20.8 S, 34 39.8 E; , 
65. Oriarg Stream (13), 0 23,8 S, 84 35,6 E;
 
66. Got Okii Dam (8), 00 26.1 , 34 33.9 ;
 
67. Maugo Stream (15), go 28. S, 38 32.7 E; 
68. Sota Stream (13), 0 30.6,S, 34 28.8,E;
 
69. Nyalkiny Dm (5), 00 91.2 S, 340 g8.2 E;
 
70. Rusina Island (2), 0 g4.9 s, 34 	 2.3 ; 
71. Kamayoga Stream (11),,0 2463 S, 4 9.8 E;
 
72. Sero Dam (5), 00 35 6 S, 4 2967 E;,
 
73. 	Onsando Dam (11), 0 42.g S, 3 2.4 E; 

°74. Kapcholyo Quarry (10), 0 39.2,S, 35Q 8.0 E;
 
75. Taita Hills Lodge (5), 3 30.66S, 38, 13.40 E;
 
76. Sagalla Magange etream,(11), 3 29,1 S, 380 24.3 E; 
77. Lata Da~m (11), 3 28.2 S, 380 25. E; 0 
78. Lugards Falls-Galana (1), 30,2.4 S6 38 45.7 E; 
79. Pools-Voi River (12),,3 2667 S, 8 30.6 E; 
80. Meti Dam (5), 3 39.g S, 39 10.g E; , 
81. Mariakani Dam (5), g 46.? S, 38 22.? E; 
82. Silaluni Dam (4), g 36.9 S, 38 17.4 E;
 
83. Chigutu Dam (5), 3 31.8 , 39 17.1 ; 
84. Hola Canals (14), 10 22.2 , 390 58.2 ;
 
85. Tewe Pond "C" (5), 20 27.6,S, 400 41.1,E;
 
86. Kilorgwe Pond (5), 20 21.6,5, 400 41.1,E; 
87. Maketumu Pond (5), g 27.9 S, 48 41.4 E;
 
88. Mapenya Pond (5), g 24. S, 48 41.9 E; 
89. Hongwe Pond (5), 2 24.8 S, 40, 43.8 E; 
90. Kwa Chikophe Pond (5?, 30 4.3 S6 390 3.2 E; 
91. Kanderi Swamp (7), 3 21,0 S, 38 40,8 E; 

°92. Aruba Lodge (5), o 19.? S, 3 50.4 E; 
93. Kajiri Dam (6), g 35.4 S, 39 28.? 	E;
 
94. Nyore Dam (5), 3 38.9 S, 390 26.8 E; 
95. Mwaremi River (13), 8 49,8 S, 89 28,2; 
96. Shimba River (12), 4 9.7 S, 39 25.4 E; 
97. Kanana Pond (6), 40 31.8 S, 39, 21.6 E; 
98. Kiwambale Stream (11), 4 34.2,S, 390 22.8,E;
 
99. Shimoni Road Pond (5), 40 31.4 , 390 20.7 ; 
100. Mwangutwa Stream (11), 3 57.0 S, 39 33.0 E; 
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3° °
101. Kambeni Pool (13), 01.9'S, 39 ;38.1E;
 
102. Lutsa Dam (11), 54. S, 38 34.? E;
 
103. L.sangani Dam (5), 3 54• S, 38 34•? E;
 
104. Miyazeni Pool (11, 3 5 .3 S, 39 3 .O E;
 
105. Kasidi Dam (5), 3 4961 S,,39 4g.4 E;,
 
106. Marere 3tream (11), 4 8.8 S,,39 28.0 E;,
 
107. Mwandambala Pond (5), 4 11.7 , 39 25.0 ;
 
108. Athi River-Mwala (2), 1, 13.6oS, 37, 26.5 E;
 
109. Marema East (5), 8 47. S, 3Z 16. E;
 
110. Kakuzi Dam (5), 00 50.7,S, 37 14.4 E;
 

°
111. Ruanda Dam (4), 8 50. S, 3Z 8.4 E;
 
112. Ariek Dam (5), 0 81.3 S, 37 8.8 E;,
 
113. Gachago Dam (5), 0 5g.5 S,,37 18.9 E;,
 
114. Makuyu Stream (11), 0 53,5 S, 87 13,0 E;
°
115. Kiriwiri Dam (5)6 0u 3•5 S6 37 7•4 E;
 

116. Ndura Dam (5), 1 1.6 S6 37 ,27.8g ; ,
 
117. Mathauta Stream (11), 8. S, 37 34•? E;
 
118. Kwa Mtungi Pond (5), 1 9.8,S, 37 34.8,E;
 
119. Kaituwa Stream (11), 10 8.7 S, 37, 29.3 E;
 
120. Gitaru Dam Spillway (13), 0050.2 , 370 45.9
 
121. Masinga Dam Spillway (Ig), 0, 48 .9 S, 37, 41.1 E;
 
122. Marimanti River (1;), 0, 9.7 9, 37 ,58.9 E;
 
123. Tana River (12), 0 Z.2 S, 38 2.5 E;
 
124. Isiolo Ditch (14), 0 21.6 9, 37 ,34.6" ;
 
125. Kambi Garba S" (141, 0 g3.7 N, 37 35.7 E;
 
126. Ngenya Dam (9), 0 5.4 N, 37, 20.g E;
 
127. Mwireri Farm Dam (5), 0 g.7 N, 3 7 Z.3 E;
 
128. South Nanyuki Pond (8), 9 3.8 S, 37 4.3 E; 
129. Aguthi Pond (8), 00 13.5,S, 370 1.6,E;
 
130. Tana River (12), 0 g7.6 s, 37 g.5 E;
 
131. Tnaithi Swamp (7), 0 28.6 S6 37 .7 E; 0
 
132. Lower Kipkaren River (pI), 0, 36.8 N, 34, 58.3 E;
 
133. Lambista River (11), 8 15. N, 3 44. E;
 
134. Isiukhu River (11)6 0 15.1N6 34 46.5 E;
 
135. Yala River (11), 0 5 4 N,,34 58.8 E;,
 
136. Matuwe Stream (11), 8 5.4 N, 38 59.4 E; 
137. River Jordan (1), 9 5.4 N, 34, 54.1 E; 
138. Itsava (11), 0 564 N,,34 5g.0 E;,

139. Asembo Bay (2), 0 5,5S, g4 32,7 E;
 
140. Kombewa (11), 00 5.9 g, 34 ,31.9 g;
 
141. Asembo Stream (13), 0 1g.3 S, 34 024.5 ;
 
142. Maugo Rice Field (15), 0 36,5, 34 29.4 E;
 
143. Mwongori Scheme 5), 0, 41.6 S, 35, 4.3 E;
 
144. Bura Pond (5), 1 ,5.8 s, 39 88.9 ;
 
145. Hola Canal (14), 1 31.6,S, 40 3.8 ;
 
146. Tana River (12), 00 27,8 S, g9 39,8 E;

147. Borr-Algy (5), 00 28.9 S, 39 40.9 "; 0
 
148. Nairobi National Park 13), 10 20,5 S, 36 44.3 E;
 
149. Mioni Dam (5), 1. 33.3 370 ?0.7 9; ,
 
150. Voi Safari Lodge (1), 2 22.7 S 380 34.0,E;
 
151. Aruba Lodge Dam %, 3 ?0.7 S6 38 ,50.2 E;
 
152. Lake Madina (5), 3 12.0,S, 40 5.5 ;
 
153. Marafa Ponds (6)6 30 2,2 S, 39° 475 E;
 
154. Dida Pond (5), 3 2469 S, 9 4861 E;

155. Dida Pond Two (5), 3 23.6 , 39 48.0 ;
 

°
156. Vitei)ini Pond (5), 21. S, 39 40.9 E;
 
157. Ta1e Naivasha (3), 0 46.2 S, 3' 24.4 E;
158. Lake Naivasha-Crater Bay (3), 0 46.T S, 36 

0 
24.0 E;
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159. Lake Naivasha (3), 80 48.9 S, 3 0 17,5 E; 
160. lake Baringo (3), 0 36.8 N6 36 ;.6 E;
 
161. Enaptindinve Stream (11), ,0 22 5 S,,350 17.3'E; 
162. Korok Pond (8), S, ;16. 

163. TaJ.a Pond I (8), 1 o16.9 , 37 12.0 ;
 
164. Ta).a Pond II (8), 1 16,9 S, 87 12,5 E;
165. K itulu Dam (4), i1 17.5,S, 3710 14.71E; 

166. MH,3nbi Pond (5), 00 3.8 S6 360,11.2 9; ,
 
167. Nyahururi Seepage (10k, 0 1.1 N, 36 2?.4 E;
 
168. (CopiPond Dw; (5), 0 10.9 N, 360,26.7 g; ,
 
169. Su.oita Naibor Spring (10), 00 82.0 N, 36 36.5 E;
 
170. i cldo Dam I (4), 1 4.9 4, 36 39.8 ;
 
171. lbdodo Dam II (4), 1 4.9 N, 360 g8.2 E;
 
172. Siciuta Spring (10, 00 49.6 N6 36 42.0 E;
 
173. Chur )Pond (5), 0 46.9 N, 36 2269 E; ,
 
174. Kokwa Island, Lake Baringo (3), 0 37. N, 3 O 1.9E;
 
175. Perker-ra Primary Sghooi tream (11),,0 26.7 N, 36 3.8 E;
 
176. Kebate Poid (5), 0 g9.5 N, 35 85.3 E;
 
177. Chavala1 Pond (5), 0 36.5,N, 35 12.0,E;
 
178. Kainagut Marsh (7), 00 37. N, 3 O 11.8 E;
 
179. C.ipkoilel Stream (11), 0 89.6 N, 35 8.2 E;
 
180. Moi's Pridge Stream (11), 0 53.? N, 3 7.0 E;
 
181. Sibwani River Swamp (10), 10 4.9 N, 3 4.60E;
 
182. Saiwa Swamp Naticnal Park (7), 10 8.3 N,,35 8.7 E;
 
183. Kimjnini River (11), 00 84.5 .y 34 87.3 E;
 
184. Webuye Borrow Pit S), 0, 37.6 N, 34, 42.5 E; 
185. Kapkiam Dam (5), 0 15. S, 3 10.8 E; 
 ,
 
186. C1 eptindini Pond (8), 0 19.8 S, 3 13. E;
 
187. Ciepta.julgei Stream ( 1), 0, 40.4 S, 3 9.8 E;
 
"88. Yakamek Stream ( I), 0, 41.4oS, 35, 9.8 E;
 
189. Sigor Dam (4), 0 5g.4 S,,35 19.6 E;,
 
190. Chebunyo Dam (4), 0 58.4 S, 350 10.9 ;
 
191. Karungu Bay-Lake Xictorja (2)6 00 59.2 5, 340 10.4 E;
 
192. Ondiek Dam (5), 8 44.7 S, 38 19.1 E; 
193. Umja Dam (7), 0 44.2 9, 34 ,21.8 g; 
194. Kamagcmbo Quarry (5), 0 46.9,S, 340 37.1,E;
 
195. Kwo Lingirca Pond (5), 1 47,4 S, 86 49,6 E;
 
196. Namanga River (13), 2 32,2 9, 36 ,48.0 g; ,
 
197. Amboseli Serena Lodge (7), 2 42 6.0 S, 7 16.,.4 E;
 
198. Njukini Irrigation Canal (14), 3 13.6 $, 37 56.7 E;
 
99. Engepoi Swaimps (7), 30 14.2 , 37 042.5 ;
 

200. Kimana Springs (11), g 42. S, 37 32.7 E; 
201. Sinet Springs (11), o 43.0 S, 370 31.; E;
 
202. River Kiboko (11), 2 13.1,S, 370 42.5,E;
 
203. Thwake River (ii), "t 16.9 S. 370 20.7 E;
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TABLE 1: Listed are the gastropod taxa collected from the 203 habitats found to 
contain snails. For each taxon is listed the number of habitats it was 
recovered from and the altitudiral range. The numbers listed below the 
altitudinal range are explained in the materials and methods section. 
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TABLE 1 
Nunmb-r of Times Altitudinal Range 

Found 
PROSOBRANCH SNAILS 

Family Neritidae 
Neritina natalensis 11 

Family Viviparidlae
Bellamya unicolor 
B. trochlearis 

14 
1 

1,2,5,6,7 
5 

Family Amllariidae 
Pila ovata 
Lanistes ovum 
L. ovum P 

ovum 
28 
18 
3 

1,3,5,6 
1,2 
1 

L. ovum 
L. carinatus 

4 
17 

1,2 
1 

L. ciliatus 4 1 

Family Bithyniidae 
Gabbiella humerosa 
!G.paripila 

3 
1 

5,6 
1 

Family Thiaridae 
Melanoides tuberculata 
Cleopatra ferguqinea 
C. bulimoides 
C. quillemei 

40 
18 
17 
3 

1,2,3,4,5,6 
1,2 

1,2,3,5 
5 

PULMONATE SNAILS 

Family Ancylidae 
Ferrissia kavirondica 1 5 
F. clessiniana 
F. isseli 
Burnupia kenMpi 

8 
7 
1 

1,5,6,7,10 
6,8,9 

8 
B. crassistriata 1 8 

Family Planorbidae 
Biomhalaria choanomphala 2 5 
B. sudanica 8 4,5,6,7 
B. pfeifferi 
Bulinus (Physopsis) group 

46 
63 

4,5,b,7,8 
1,2,3,4,5,6,7 

Bulinus tropicus group 
Bulinus forskalii 
Ceratophallus natalensis 
Secmentorbis kanisaensis 

51 
40 
27 

3 

2,4,5,6,7,8,9,iC 
1,2,3,4,5,6,8 
1,3,4,5,6,7,8 

5 
S a 1 5 

G costulatus 
Helisoma sp. 

4 
5 

5,6,8 
1,7,8 

Family Lymnaeidae 
Lymnaea natalensis 
L. truncatula 

75 
2 

1,3,4,5,6,7,8,9 
7,8 

Family Physidae 
P acuta 9 3,4,5,6,7,8 
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TABLE 2: Listed for each taxon collected is the number of times it was 
recovered from each of the 15 different recognized habitat types. These 
habitat types are described in Appendix 1: 
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TABLE 2 

PROSOBRANCH SNAILS 
1 2 3 4 5 

HABITAT 
6 7 

TYPES 
8 9 10 11 12 13 14 

Family Neritidae 
Neritina natalensis 1 

Family Viviparidae
Bellaya unicolor 
B. trochlearis 

1 
1 

1 4 3 1 1 3 

Family Amiullariidae 
Pila ovata 
Lanistes ovum ovum 
L. ovum 
L.voum wmureus 
L. carinatus 
L. ciliatus 

1 

4 1 7 
8 

1 
1 1 
2 10 

1 

2 
3 
1 

1 

1 

3 

2 
1 

1 

1 

11 

4 
4 

1 

1 

5 

Family Bithyniidae 
Gabbiella humerosa 
9. pn_____pila 

2 1 
1 

Family Thiaridae 
Melanoides tuberculata 
Cleopatra fer" ea 
C.bulimoides 
C. quillemei 

7 5 

2 

4 9 
4 

1 10 

1 
1 
1 

2 
1 
1 

1 5 
2 
1 

2 

1 

1 
9 

1 

3 
1 

PUIMNATE SNAILS 

Family Ancylidae 
Ferrissia kavirondica 
F. clessiniana 
F. isseli 

ia kemi 
B. crassistriata 

1 
1 
1 

1 
1 

1 
1 

1 1 
4 
1 

1 

1 

2 

Family Planorbidae 
Biomphalaria chonomphala 
B. sudanica 
.B.pfeifferi 
BIlinus (ThVsopsis) group 
Bulinus tropicus group 
Blinus forskalii 
Ceratcphallus natalensis 
Sermentorbis kanisaensis 
S. a 
Gyraul costulatus 
Helisoma sp. 

1 

5 

2 
2 

2 
4 
4 
4 
1 
1 
1 

1 

2 
1 
1 

1 
6 
3 
7 
1 

13 
23 
16 

9 
7 
2 

2 

1 
1 

1 
2 
3 
2 
2 

2 
2 
3 
1 

1 
2 
2 

1 

5 
1 
3 

2 
19 
10 

5 
6 
3 

2 

2 

2 

1 
3 

11 
2 
3 
1 

1 

3 
3 
2 
4 
2 

Family Lymnaeidae
Lymna natalensis 
L. truncatula 

Family Physidae 
P acuta 

1 4 4 

1 

5 

1 

17 
1 

2 

6 3 

29 

26 

2 

1 

2 

5 

1 

3 



TABLE 3: For each faunal region, the coefficients of association, which range
fran -1 to +1 in value, between several pairs of prominent Kenyan gastropods 
are indicated. Values that are significant at the p < 0.05 level are indicated 
with an asterisk. 
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COASTAL OWLAID FAUNA
 

0. 

015 54 

4..) 

B;ulinus (Fhysopsis) 

B;ulinus i oiu group 

~ymnnaea natalensis 

ovata 

Lanistes carinatus 

0.102 

-­

0.151 

0.026 

-­

0.000 

-0.048 

0.088 

-0.424* 

-0.072 

-0.102 

4la 

0.118 

-0.115 

0.229 

0.176 

-0.359* 

-0.244 

-0.074 

0.289 

0.080 

0.146 

0.116 

-0.155 

-0.221 

0.190 

-0.157 

Lanisten ovum 

Melanoides tuberculata 

Cleopatra sp. 

0.129 

-0.140 

0.136 



UPLAND FAUNA 

00 

.44) 

1* -4 

00 

Bt~aaififr 010022"039 
r r4 

0.1 

4) 

Bo haaififr 010 0.2Z 0129 .1 

Bulinus,(Fhysopsi3) -­ 0.107 -0.137 -0.056 

Bulnus tropicus group -­ 0.008 -0.032 

natalensis -0.211 

Ifelanoides tuberculata 00 

HIGHLANDS FAUNA 

No 

Biomphalaria pfeifferi -0.293 0.253 

Bulinus tropicus group --0.182 

Lymnaea natalensis 0 



NYANZA LOW PLATEAU FAUNA
 

144I3
-4I 

0 

0 .0 0 
Biomphalaria pfeifferi -0.262 -0.030 -0.405* -0.308 -0.589* -.175 

Biomphalaria sudanica - 0.120 0.120 0.030 0.228 -0.083 

Bulinus (Physopsis) - -0.444* -0.040 0.013 -0.175 

Bulinus tropicus group 0.219 0.356 -0.175 

LYmnaea natalensis - -0.243 -0.267 

Pila ovata 0.228 

Cleopatra sp. 



TABLE 4: For each putative biocontrol species listed below, is listed the 
total number of natural habitats containing that species (N), and the number of 
habitats in which it co-exists with pulmonate taxa of medical or veterinary
significance. The percentage of all habitats for the putative control agent in 
which coexistence occurs with the indicated pulmonate taxon is indicated in 
parentheses.
 

TARGET SPECIES 

Vt7EATIVE 

CONTIROL 
SPECIES 

Bionphalaria 
pfeifferi 

Biomphalaria 
sudanica 

Bulinus 
(Physopsis) 

Bulinus 
tropi 

Lymnaea 
natalensis 

Melanoides 
tuberculata 

N = 33 9 (27.2) 2 (6.1) 12 (36.4) 8 (24.2) 11 (33.3) 

Pila 
ovata 

N = 28 2 (7.1) 3 (10.7) 17 (42.9) 9 (32.1) .0 (35.7) 

Lanistes 
carinatus 

N = 17 0 (0.0) 0 (0.0) 6 (35.3) 0 (0.0) 0 (0.0) 

lanistes 
ovum 

N = 23 0 (0.0) 0 (0.0) 17 (73.9) 0 (0.0) 2 (8.7) 
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FIGURE 1: A) All locations from which freshwater snails were collected are 
indicated. Additional collection locality data are provided in Appendix #1. B)
Collection localities for ampullariid snails are indicated as follows: Pila 
ovata (solid circles), Lanistes carinatus (triangles), and L. ovum (open
circles). C) Collection localities for representatives of the genus Bulinus 
are as follaqs: Bulinus (Physopsis) (solid circles), Bulinus tropi complex
(open circles), and Bulinus forskali (stars). D) Collection localities for 
Lyma natalensis (solid circles), L. truncatula (stars), and Phys acuta 
(open circles) are indicated. E) Collection localities for Biomphalaria
pfeifferi (solid circles), B. sudanica (open circles), and B. choanomphala
(stars) are indicated. F) Collection localities for Melanoides tuberculata 
(open circles) and Cleopatra sp. (solid circles) are indicated. 
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FIGURE 2: Listed for each altitudinal category are the number of habitats from
 
which snails were obtained. Altitudinal categories are defined in the
 
materials and methods section.
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FIGURE 3: The total ntumber of pulmonate or prosobranch gastropod taxa collected
 
within each altitudinal category is listed. 
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FIGURE 4: The mean number of pulmonate or prosobranch taxa collected per

habitat is indicated for each altitudinal category. Lake Victoria collections
 
are indicated -iepara'cely.
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FrURE 5: 
For several prominent gastropod taxa, the proportion of habitats
twithin ,,tch .:lltitudinnl category containing that particular taxon is indicated. 
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FIGURE 6: For all weather stations covered in the "Climatological Statistics
 
for Kenya", a plot related mean annual minimum temperature and altitude was
 
constructed.
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FIGURE 8: For each of the 15 recognized habitat types is indicated the mean
 
number of taxa recovered per habitat. The habitat types are defined in
 
Appendix #1.
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FIGURE 9: For each of the three indicated taxa of medical or veterinary

significance, the percentage of all 
indicated habitats of a particular type
(small dams, flowing streams, or intermittent streams) within the altitudinal 
rangi, of the species that were found to contain that. species is indicated. For 
example, 5001 of all small dams in the altitudinal range of Biomphalaria
pfeiffri contained that species. 
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FIGURE 10: For each of several prominent gastropod taxa is listed tile number of
 
different habitat types from which that taxon was found.
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APPENDIX 2
 

ADDITIONAL FIELD STUDIES 

In addition to the research presented in the accompanying manuscripts,
 
some additional field-oriented projects were undertaken, as follows:
 

I. 	 Field Observations of Melanoides tiberculata - Pulmnate 
Interactions 

At the start of this project, we were interested to know if pulmonate
snails could coexist in appreciable *numbers over long intervals of time with 
the thiarid snail, Melanoides tuberculata, which seens to be so effective as a 
biological control agent of Biomhalaria qlabrata in the Caribbean region. As 
shown in Figure IF in Appendix 1, this species has a rather scattered 
distribution in Kenya with south-central Kenya, in the area around Kitui, being
the location where this species is most predictably found. Consequently, we 
located three isolated impoundments (Kangonde Dam, Mbondoni Dam, Mwea East 
Pond) and one stream (Matingani Stream) in this region where M. tuberculata was 
present, and visited these locations repeatedly over a course of about 3 years.
At each location, six regular sampling stations were established. At each 
visit, snails were for 10 min at each of the six sampling stations. All snails 
collected were identified, enumerated and returned to the habitait. The number 
of snails of each species as sumned across the six sampling stations, 
providing a measure of the overall relative abundance of different snail 
species in each of the four habitats. The results of this study are presented 
in the four graphs below. 

In 	Kangonde Dam, the only two snails present were M. tuberculata and B. 
pfeifferi. The former species was consistently more abundant than the latter 
(insome cases thexe was a 100- to 1000-fold difference in relative abundance),
but B. pfeifferi persisted throughout the study. The one very low level of 
abundance noted for both species in mid-1988 was during the rainy season when 
snails were difficult to collect. Occasional visits to this habitat since late 
1988 confirmed that the two species continued to coexist in Kangonde Dam. 

The patterns in Mbondoni Dam are more complex, in part because of the 
presence there of a third species, Bulinus tropicus. In this case, all three 
species persisted throughout the study and once again, M. tuberculata was 
numerically dominant, but not to the extent seen in Kagonde Dam. There was 
some suggestion that the two pulmonate species were showing an overall decline 
in aburiance, but more recent visits to this location confirmed that all three 
species were still present, and that the pulmonates were persisting, albeit at 
low levels.
 

The third impoundment, Mwea East, presents an interesting situation 
because after our study had begun, without our knowledge or participation, this 
habitat was treated with molluscicide (in mid-1987) by local health officials. 
Prior to treatment, M. tuberculata was the most abundant snail present but 
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three pulmonates were -,.so present, and B. pfeifferi was also relatively 
common. After application of Ymlluscicide, all snails were scarce for almost 
one year. By mid-1988, B. pfeifferi populations had recovered and achieved 
levels of relative abundiance considerably higher than before treatment. In 
contrast, M. tuberculata populations had still not recovered to before­
treatment levels. This pattern raises several interesting points. First, it 
may suggest that M. tuberculata does exert a significant inhibitory effect on 
pulmonates, and when this species is absent, pulmnates are able to achieve 
large population sizes. Also, it is interesting to speculate that if M. 
tuberculata is exerting a controlling effect, mollusciciding may inadvertantly
favor transmission by having a greater long-term impact on M. tuberculata than 
on pulmonates. 

The situation in MWea East is still being investigated and Lp to 
August, 1990, B. pfeifferi remains abundant and M. tuberculata has still not 
achieved its former abundance. It will be of interest to determine if a large
 
increase in the population of M. tuberculata will be accompanied by a
 
concomitant decline in the B. pfeifferi population. 

Lastly, Matingani Stream exhibited a complex patterns of seasonal 
abundance of M. tuberculata and 3 different pulmonate species. Again it was 
noted that M. tuberculata was the most abundant snail present, but its 
dominance was less than reported in the three impoundments. Note also that all 
three pulmonate species persisted throughout the period of observation, and 
showed no sign of being eliminated by the presence of M. tuberculata. 

To summarize these results, appreciable numbers of pulmonates were 
shown to coexist with M. tuberculata over long intervals of time; no obvious 
trend towards total displacement of pulmonates was noted. The results from 
Mwea East suggest that t1.e presence of large populations of M. tuberculata may
have the eftect of keeping pu~lnna e populations low. However, even when M. 
tuberculata achieves extremely high abundance, as in Kangonde Dam, populations
of schistosome-transmitting snails are able to persist. Thus it seems likely
ULat Kenyan populations of M. tubeirulata will not eliminate pulmnate snails 
but may, under circumstances where they attain large populations, limit 
pulmonate population sizes. This in turn might have the effect of reducing the 
r - of schistosomiasis transmission but certainly would not interrupt 
transmission. 

II. Field Observations on Ampullariid Snails
 

Results of our survey work indicated that ampullariid snails are
 
present in coastal Kenya and in west Kenya, but not in the higher, cooler,
central region of the country. It was of interest to determine if either 
Lanistes c2inatis or Pila ovata could establish self-perpetuating populations
in c mtral Kenya. In conjunction with the Ministry of Health, Division of 
VecLcr Borne Diseases, in January, 1988, we transplanted L. carinatus into 
Kangonde Dam, Mbondoni Dam, and Matingani Stream, all of which are far removed 
from rice growing schemes and isolated from other water bodies. A total of 100 
snails were added to each of the six sampling stations in these three habitats. 
These introductions were relatively unsuccessful in that thriving populations
of L. carinatus were not established in any of the three sites. In Matingani
Stream, ampullariids were found sporadically in small numbers (less than 50 
snails) through Aug. 1989, the latest sampling date available. In Mbondoni 
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Dam, they were reported in very low numbers through mid-1988, but have not been 
seen in the last four visits to that site. In Kangonde Eam, they apparently 
never became established as living L. carinatus were never recovered. 

It should be noted that these habitats lacked lily pads (Nymnae sp.)
which seem to be associated with thriving populations of L. carinatus in 
coastal Kenya. We then tried an additional introduction of L. carinatus in a 
more appropriate habitat, Kusukioni Dam, north of Tala, Kenya, starting in 
January 1989. This habitat, which has a thriving Nmphae population, is still 
being regularly observed and as of August 1990, contains an apparently self­
perpetuating population of this ampullariid. We are monitoring the impact of 
L. carinatus on pulmonates in Kusukioni Dam as part of our ongoing AID­
supported project. 

At the same time L. carinatus was placed in lKusukioni Dam, we also 
placed P. ovata in three isolated dams in the Tala region, at Kma Rock Dam,
Tala Township Dam, and Maluva Dam. As of August, 1990, P. ovata were 
persisting in each of these sites, but at relatively low numbers. The impact
of P. ovata on pulmonate populations again is being monitored as part of our 
ongoing AID grant. This work is being done in conjunction with both KEMRI and 
the Division of Vector Borne Diseases. 
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ABSTRACT
 

Lanistes carinatus and Pila ovata from Ken a and Marisa cornuarietis 

frci the Dominican Republi were examined for their ability to consume egg 

masses and juveniles of Biomrwhalaria glabrata (Mline strain) under laboratory 

conditions. Adults of all three ampullariid species consumed all egg masses 

presented to them over a five day period of observation. Juvenile P. ovata 

consumed significantly more egg masses than juveniles of M. cornuarietis L.or 

carinatus. Both adult and juvenile ampullariids generally ate more egg masses 

when maintained under a temperature regime (25-32°C) approximating conditions 

in coastal Kenya than at 13-25°C which approximates the temperature regime near 

Nairobi, Kenya. Egg mass_s attached to floating "refugia" were not attacked, 

apparently reflecting the difficulty experienced by ampullariids in reaching 

free-floating objects. Adults of each ampullariid species ate approximately 

25% of all 1.5 + 0.5mm _B.qlabrata juvenile snails presented to them. P. ovata 

adults consumed significantly more 3.0 + 0.5ram juveniles than adults of the 

other two species. B. qlabrata egg masses and juveniles were consumed even 

though lettace was continually present in experimental aquaria. Implications 

of these results for biological control studies in East Africa are discussed. 

Key Words: Ampullariid snails, biological control, schistosomiasis, snail 

control, trematode. 
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INTRWDUCION
 

Biological control of schistosome-transmitting snails achieved through 

the use of competitor or predator snails may, in certain kinds of habitats, 

offer a relatively simple, potentially self-renewing and inexpensive 

alternative to traditional methods of schistosmiasis control (McCullough, 

1981; Pointier and McCullough, 1989). The neotropical ampullariid snail Marisa 

cornuarietis has attracted considerable attention in this context (Ferguson, 

1977: Jobin et al., 1977, 1984; Combes and Cheng, 1986). M. cornuarietis
 

conrimes egg masses, juveniles, and, in some cases, even adults of schistosome­

transmitting snails (e.g. Demian and Lutfy, 1965a,b, 1966) and is a voracious
 

consumer of aquatic macrophytes (Seaman and Porterfield, 1964) that serve as
 

food sources and oviposition sites for such snails. Introductions of this 

gastropod into Egypt (Demian and Kamel, 1973), Tanzania (Nguma et al., 1982), 

and the Sudan (Haridi et al., 1985; Karoum, 1988) suggest that M. cornuarietis 

may have contrcd potential outside of the neotropics. 

Species within the family .Ampullariidae are widely distributed across 

both the old and new world tropics (Michelson, 1961). Although evidence exists 

that ampullariids other than Marisa may have value as control agents (e.g. 

Pointier et al., 1988), most species have not been adequately studied in this 

context. Before the introduction of exotic species such as M. cornuarietis into 

tropical Africa or elsewhere can be condoned, the potential of indigenous 

ampullariid species to exert comparable predatory or cc.petitive effects should 

be examined. Indigenous species may have certain advantages such as increased 

availability and better adaptation to local conditions than exotic species. 

Furthermore, the introduction of any non-native species poses certain health, 

economic, and environmental risks (Nishimura et al., 1986) that might be 
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avoided through the use of indigenous control agents. 

Two African ampullariid species, Pila ovata ard lanistes carinatus, are 

common throughout large areas of Africa (Brown, 1980), but their potential as 

biological control agents, if any, remains largely unexplored. In this paper, 

we document the capacity of these two African apullariid species to consume 

egg masses and juveniles of a planorbid snail under laboratory conditions; M. 

cornuarietis was also studied under identical coiitions to provide a basis of 

comparison. B. Qlabrata was selected as the target species because large 

numbers .-f egg masses and juveniles were available for use in these 

experiments. 

NATERIALS AND MEIHODS 

Pila ovata was obtained in Kisumu, Kenya, Lanistes carinatus in 

Malindi, Kenya, and Marisa cornuarietis in Jarabacoa, Doinican Republic. All 

snails were maintained in the laboratory for at least one month prior to use in 

experiments. A large laboratory colony of Biomphalaria glabrata snails (M-line 

strain) provided the numerous egg masses and juveniles required for the 

experiments described below. Unless otherwise indicated, all experiments were 

performed at 25 + 10 C, aeration was provided continuously, crushed oyster .hell 

was used as a substrate in aquaria, and fresh leaf lettuce was supplied ad 

libitum. Lettuce was held on the bottom of aquaria with stones to facilitate 

access by ampullariids. A 12 hour light, 12 hour dark photoperiod was 

maintained for all experiments. Juvenile ampullariids used in these 

experiments ranged from 8 - 12nm in size (shell diameter for Lanistes and 

Marisa, shell height for Pila) arnd adults were 30-40mm in size. Juvenile or 

adult status of snails was assessed by examination of the reproductive organs 

of dissected snails of conmparable size. Data were transformed to arc-sine 
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values when necessary and were analyzed using Student's t test or by ANOVA 

using a p = 0.05 level of significance. Following ANOVA, Tukey's test was 

used to assess differences between pairs of means. 

Experiment 1. Consumption of Biomphalaria glabrata eg masses b amullariids 

Adult B. qlabrata were allowed to deposit egg masses on the sides of 

four litre aquaria. After 15-20 egg masses had been deposited, the B. crlabrata 

adults were removed, and the water changed. Two ampullariids of a particular 

species, either both adults were thenor both juveniles, introduced and the 

number of egg masses totally consumed was monitored daily for five days. For 

each ampullariid species, six replicates were performed for both juvenile and 

adult specimens and the mean percentage of egg masses consumed was calculated. 

Experiment 2. Effect of different temperature M on Eg mass consumption 

The ability of ampullariids to consume egg masses under two different 

fluctuating temperature regimes was assessed. These two regimes approximated 

temperatures encountered L natural habitats in two distinct regiorns of Kenya, 

as estimated uing air temperature data obtained from the Kenya Meteorological 

Department (1984). A high temperature cycle, ranging from 25 to 320C, and
 

similar to the mean diurnal air temperature fluctuations in January at Mombasa, 

on the coast of Kenya, was established. A low temperature ycle ranging from 

13 to 25 0 C, and similar to diurnal fluctuations during January in Nairobi was 

initiated. The temperature regimes were established by placing aquaria in 

rooms with different ambient temperatures; 75 watt aquarium heaters were used 

to elevate temperatures appropriately. After the maximum temperature was 

reached, the water temperature was allo'ed to fall naturally to ambient levels. 

These experiments were conducted in four litre aquaria as described 

above for experiment #1, except that the B. glabrata egg masses were presented 

to the ampullariids on plastic petri dishes which were placed in the bottom of 
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each aquarium. The number of egg masses consumed over a three day interval was 

noted. Adults of all three species, as well as juvenile P. ovata and M. 

cornuarietis were tested. The experiment was repeated six times for each 

species and age group under each temperature regime. The mean percentage of 

e masses consumed was ccupared statistically between species and between 

temperature regimes. 

e 3. Consumption of ecg masses attached to floating obiects 

The ability of the three ampullariid species to find and consume eggs 

located on floating objects was compared. Two adult ampullariids of a 

particular species were introduced into a four litre aquarium. Five styrofoam 

squares (2x2cm), each containing a single B. glabrata egg mass, were floated at 

the surface. The squares were secured so they would not move laterally and 

they ware positioned at least 2 cm from the sides of the aquarium. After three 

days, eggs were checked for evidence of consumption. Six replicates were 

performed with each ampullariid species. This experiment was also repeated six 

times under similar conditions except that lettuce was withheld fron aquaria 

during the three day observation period. 

Experi pnt 4. Consumption of B. qlabrata juveniles 

Two adult ampullariids of a given species were introduced into a four 

litre aquarium containing twenty _B.glabrata juveniles (1.5 + 0.5mm). To 

facilitate observation of juvenile B. glabrata, no oyster shell was present in 

these aquaria. The aquaria were covered with tight-fitting lids to prevent the 

escape of juvenile soails. The number of juveniles present in the aquaria was 

carefully checked at two day intervals; at day eight, total consumption of 

juveniles was recorded. This procedure was repeated six times for each 

ampullariid species, the mean percentage of juvenile B. crlabrata that were 

consumed was calculated, and data were analyzed as described above. B. 
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clabrata juveniles of 3.0 + 0.5mm were also used as prey items; only 10 

juveniles were used per replicate in this case. 

RESULTS 

Experi t 1. Consumption of Biomphalaria glabrata e masses by ampullariids 

Adults and juveniles of all three ampullariid species consumed B. 

crlabrata egg masses (Table 1). Adults consumed all eggs presented to them 

within five days. Juveniles consumed fewer egg masses than adults, although 

juveniles of P. ovata did not differ significantly from adults in this regard. 

Juvenile P. ovata consumed significantly more egg masses than juveniles of the 

other two species. 

Experiment 2. Effect of different temperature reie on eg mass onsumptin 

For both adult and juveniles ampullariids, egg masses were consumed at 

both temperature regimes. Fewer egg masses were consumed at the low 

temperature cycle, but owing to variability between replicates, the difference 

between regimes was significant only for juvenile and adult P. ovata, and for 

juvenile M. cornuarietis. At both temperature regimes, adult L. carinatus ate 

fewer egg masses than adults of the other species, but results of individual 

trials were variable and the mean for L. carinatus was significantly lower only 

at the high temperature regime. The highest mean levels of egg mass 

consumption were achieved by p. ovata juveniles and adults at the high 

temperature regime; P. ovata juveniles consumed significantly more egg masses 

than juvenile M. cornuarietis at this temperature regime. Overall, adults ate 

relatively fewer egg masses in this experiment as co,%ared to experiment #1 

although the results are not strictly comparable hecause the two experiments 

differed in both temperature and duration. 

Experiment 3. Consumption of e masses attached to floating objects 
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None of the B. qlabra egg masses deposited on floating styrofoam
 

"refugia" were eaten by the amqpullariids. In no case were apullariids
 

observed to be in contact with the styrofoam, suggesting they were unable to
 

reach free-floating objects in the aquaria. The same results were 
obtained in 

replicates in which lettuce or other alternative food sources were not 

available. 

Experit 4. Consumption of B. glabrata juveniles 

For each anpillariid species exdmined, approximately 25% of all 1.5 + 

0.5mm juvenile B. glabrata snails disappeared over the course of the eight-day 

observation period. As the juveniles were unable to crawl out of the aquaria, 

these losses were attributed to predation by the ampullariids. This conclusion 

was reinforced by direct observations of attacks on juveniles by ampullariids 

and by finding fragments of B. qlabrat shells in several aquaria. When 3.0 + 

0.5rm B. qlabrata juveniles were used as prey items, P. ovata consumed 

significantly more juveniles than the other two species. 

DISCUSSION 

Numerous published reports (Chernin et al., 1956; Oliver-Gonzales et 

al., 1956, Demian and Lutfy, 1965a,b, 1966; Cedeno-Leon and Thomas, 1983) 

indicate that both juvenile and adult M. cornuarietis can consume Biomphalaria 

egg masses and juvreiles under laboratory conditions. Our study confirms these 

results for Marisa and demonstrates a similar capability for both P. ovata and 

L. carinatus from Kenya. Adults of all three ampullariid species consumed all 

.B.glabrata egg masses they were given in experiment #1, even though lettuce 

was continually available Under similar conditions,to them. juvenile P. ovata 

consxmed significantly more B. qlabrata egg masses than juveniles of the other 

twc, !oullariid species. Although we have only limited numbers of the African 
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planorbids Biomphalaria sudanica and Bulinus globos available for study, egg 

masses of both species are eaten by both P. ovata and L. carinatus under 

similar conlitions (unpublished observations). Thomas and Tait (1984) 

concluded that it was likely that Lanistes libycus from Nigeria consumed B. 

pfeifferi eggs during their laboratory experiments, and L. carinatus has been 

implicated as an egg predator of B. pfeifferi in laboratory experiments in the 

Sudan (Blue Nile Health Project, cited by Karoum, 1988). The west African 

amTullariid Saulea vitrea eats egg masses and also adults of schistosome­

transmitting snails in the laboratory (White, personal observations, cited in 

Wdte et al., 1989). 

The two different temperature regimes used in experiment #2 were 

selected because they approximated conditions in the warm, coastal regions of 

eastern Kenya and in the high, relatively cool regions around Nairobi. In 

Kenya, both L. carinatus and P. ovata are abundant in the coastal region and 

are essentially absent above 1200m elevation (Brown, 1980; personal 

observations). It was of interest to determine if ampullariids would consume 

eggs under the low temperature regime, particularly because schistosome­

transmitting pulmonates are common in Kenya at locations that experience these 

approximate temperatures. Our results indicate that the rate of egg mass 

consumption was consistently lower, but not eliminated, at the low temperature 

regime. The results also suggest that under the conditions of this experiment 

that L. carinatus was less likely to eat pulmonate egg masses than the other 

two species. Both the natural absence of ampullariids at higher altitudes in 

Kenya, and the diminished rates of egg consumption noted at the lower 

temperature regime suggest that any deliberate introductions of ampullariids as 

control agents in Kenya may have greater success at lower, warmer altitudes. 

Egg masses p]aced on floating pieces of styrofoam were not attacked, 
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even if alternative food sources were unavailable for the three day duration of 

the eoperiment. Owing to their large size, ampullariids have difficulty moving 

alrm-r' the surface film of water. Also, aeration disturbs the water surface and 

seEms to interfere further with the ability of anpullariids to move to floating 

objects. In no case did we observe ampullariids attached to the styrofoam 

blocks even though the blocks were prevented fram moving laterally. These 

results suggest that in natural habitats, refugia for pulmonates and their egg 

masses may be fc- id on floating objects; it may be particularly difficult for 

anpullariids to attach to small, free-floating objects such as leaves. 

Deposition of egg masses in spaces too small to be reached by ampullariids may 

al.o prevent attack. 

All three apullariid species consumed 1.5mm juveniles of B. glabrata, 

even when lettuce was continually available in the aquaria. Only P. ovata 

consumed appreciable numbers of larger juveniles in the 2.6-3.5mm size range. 

Demian and Lutfy (1965a,b, 1966) noted that M. cornuarietis attacked and killed 

even adults of Bulinus truncatus and 1iymnaea caillaudi, but were unable to 

consume Biomphalaria alexarndrina with shell diameters larger than 5mm. 

Although results of these laboratory experiments should be interpreted 

with caution, they indicate that P. ovata performed at least as well as Marisa 

under the described conditions. They further suggest that before wide-scale 

introductions of Marisa into sub-Saharan Africa are contemplated, ofthe impact 

rvxtive ampullariids on tar;2t species populations should be carefully studied 

under laboratozy and especially field conditions. 

Enthusiasm for African ampu] lariids must, however, be tempered by the 

fact that they they frequently co-exist with pulmonates in natural habitats. 

For example, Thomas and Tait (1984) and Ndifon and Ukoli (1989) both found 

lanistes 1 to have a significant positive association with Bulinus 
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globosus in Nigeria, and Madsen et al. (1988) fcund a positive correlation
 

between the presence of L. carinatus and B. pfeifferi in natural 
habitats in 

the Sudan. Karoum (1988) introduced L. carinatus into three canals in the 

Gezira Agricultural Scheme and, although populations of this snail did became 

established, their presence did not result in a dramatic reduction of 

pulmonates. These observations coupled with our present results suggest that 

future investigation should focus on P. ovata. White et al. (1989) also
 

noted that the ampullariid Saulea vitrea does not 
coexist with schistosame­

transmittir pulmnates in Sierra Leone.
 

Finally, it remains to be seen if African ampullariids serve as 

resource conpetitors with pulmonate snails. Other ampullariids such as 

Ampullaria glauca have been shown to displace pulmonates in natural habitats by 

eliminating floating macrophytes (Pointier et al., 1988). Litcle is known 

regarding the ability of P. ovata and L. carinatus to consume macrophytes.
 

Karoum (1988), however, 
 found that L. carinatus had little effect on macrophyte 

density in Sudanese irrigation canals. Pila gis is known as a voracious 

consumer of macrophytes in India, and has been proposed as a means of 

controlling aquatic weeds (Thomas, 1975). In this connection, as has been 

stressed elsewhere (WHO, 1984), it is evident that further studies relevant to 

the possible effects of native and exotic ampullariids on rice cultivation in 

Africa (see also Haridi et al., 1985) are required before their use in 

biological control operations can be condoned without reserve. 
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Table 1: The percentage (+ S.E.) of B. glabrata egg masses or juveniles 

consumed by adults of juveniles of Pila ovata, Lanistes carinatuj,, or Marisa
 

cornuarietis. Each experiment was replicated six times. N.D. not done.
= 

Experiment #3 is not Yepresented as no B. glabrata egg masses or juveniles were 

consumed. 

FPERI T ~ Pila ovata Ianistes carinatus Marisa cornuarietis 

EXPER3T3= 1 

)'.lts 100.0 + 0.0 100.0 + 0.0 100.0 + 0.0 

Juveniles 85.7 + 14.3 23.9 + 11.9 4.0 + 2.0 

EqPERIMBETr 2 

Adults
 

low tenperature 27.8 + 8.5 8.3 + 3.1 29.1 + 8.2
 

high temperature 70.8 + 10.2# 23.6 + 11.1 43.1 + 10.0
 

Juveniles
 

low temperature 8.4 + 6.9 N.D. 9.7 + 3.4
 

high temperature 69.7 + 6.9*# N.D. 29.1 + 8.2#
 

EY ERIET 4 

1.5 + 0.5rm 	 25.8 + 11.6 26.7 + 5.3 25.8 + 10.5 
juveniles 

3.0 	+ 0.5mm 50.0 + 14.4 1.7 + 1.7 1.7 + 1.7
 
juveniles
 

A significantly greater than other similar-sized anpullariids, p < 0.05 
# greater than L. carinatus, p < 0.05significantlysignificantly greater than corresponding group at low temperature regime, p < 

0.05
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ABSTRACT 

Adults of three ampullariid species were examined for their ability to 

affect the population growth of Biomphalari qlabrata (M line strain) under 

laboratory conditions in which food (lettuce) was supplied ad libim over an 

eleven week interval. Lanistes caring ed Pila ova were obtained from 

Kenya, and Mari cornuarietis originated from the Domirican Republic. The 

presence of either 3 or 9 L. caring or 3 M. cornuarietis per 40 liter 

aquarium did not reduce the population size of p. crabrata below levels 

attained in control aquaria lacking amipullariids. The presence of 9 g. 

cornuarietis adults significantly reduced D. alabrata populations by week 10 of 

the experiment. Presence of 3 or 9 P. ovata per aquarium significantly reduced 

B. S ta numbers below control levels starting at week four of the 

experiment. Aquaria with 9 P. ovata were observed to have fewer B. qlabrata 

egg masses than control aquaria, but the number of egg masses observed was not 

significantly reduced in aquaria with 3 . or with 3 or 9 L. carinatus or 

L. cornuarietis. However, the presence of 3 or 9 adults of each anpllariid 

species resulted in a significant increase in the percentage of such egg masses 

that disapeared prior to expected hatching date and that were presumed to have 

been consumed. The results of this laboratory study suggest that further 

investigation of the role of ampullariids as biological control agents for 

pulmonate snails in sub-Saharan Africa should focus on ]. o . 

Rey Words: Apallariid snails, biological control, schistsczmia-,is, snail control, 

trematode. 
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INTRODUCrION
 

Schistosares and other snail-transmitted parasites continue to exert a 

significant negative effect on the health of humans and dcmestic animals in 

sub-Saharan Africa. Although considerable improvements in chemotherapy have 

alleviated some of this burden and hope remains high fcg"the development of 

effective vaccines, these control measures alone are unlikely to break the 

cycle of transmission; they do not directly address the role of the molluscan 

host in the life cycle. Ideally, simultanecus application of measures to 

eliminate both adult and larval trematodes could directly reduce morbidity and 

mortality, minimize the immediate risk of reinfection and, over the long-term, 

minimize or eliminate transmission. 

Control of snails and larval trematodes is widely recognized as a very 

difficult endeavor, largely because of the potentially vast volumes of water 

available for colonization by snails. The shortcamings of chemical methods of 

snail control are now well-appreciated (lumpp and Chu, 1987) and for most 

epidemiological situations, new approaches are required if any hope is to be 

offered for controlling snails. Biological methods of snail control are 

frequently discussed (Ferguson, 1977; McCullough, 1981; Thrmas and Tait, 1984;
 

Combes and Cheng, 1986; Pointier and Mcaullough, 1989; Madsen, 1990) and have 

considerable appeal because of their relative low cost and potential 

sustainability, both of which are inportant considerations for the developing 

countries affected. 

Although much more research is required to identify prcmising control 

agents, particularly viruses or bacteria, for aquatic molluscs, the approach 

most commonly cited for biological control of medically iportant snails is the 

use of competitor or predator snails (WHO, 1984). Mari cornuarietis, an 
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aInpullariid snail originating from South America, has attracted considerable 

attention as a biological control agent as it consumes egg masses, juveniles, 

and adults of sdhL-toscme-transmitting snails, and is known to avidly consume 

aquatic macrcpytes required as food and oviposition sites for such snails 

(Ferguson, 1977; Jobin et al., 1977, 1984). This snail has already been 

introduce into Africa for the purpose of controlling the intermediate hosts of 

sdiistoscaes (Demian and Yamel, 1973; Nguma et al., 1982; Haridi et al, 1985; 

Karotm, 1988). 

Several ampullariid species are indigerxs to Africa (Brown, 1980) and 

their role as potential biological control agents of disease-transmitting 

pulrmnates has never been adequately stxiied. Altluxgh it could be argued that 

such species have no potential value in control given the ubiquity of 

schistoscmiasis, fascioliasis, and a istaiasis in Africa, this view 

overlooks the poss.bility that native anpallariids may exert sane measure of 

natural control which has never been properly measured or appreciated.
 

Different groups of freshwater snails may have different distribitional 

patterns such that pulmonates often avoid negative competitive or predatory
 

interactions with ampillariids. Attributes of African ampullariids relevant to 

biological control should be duo.mentai and compared directly to those 

exhibited by M. ornuarietis before further introductions of the latter 

species into African waters are contemplated. 

In a prior study, it was documented that _Lnistes carinatus and Pila
 

ovata, both widely distributed African amtpullariids, onsume egg masses and 

juveniles of Dimphalaria glabrata at rates comparable to, or in some cases 

greater than, tlrlse exhibited by M. po iarieti (Hofkin et al., 1990). In the 

present tJcdy, w cmpare the ability of the za-e three anpullariid species to 

affect the population grutth of B. gcra in laboratory aquaria under 
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conditions of food excess. B. clabr-ata ,as again selected for study because of 

the requirement for a target pulmonate species that predictably esmi-c shes 

fluori-shing populations in laboratory aquaria. 
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MWTh2TAIS AND MEIHODS 

Snails: Marisa poruarietis were derived from a laboratory colony 

established in 1986 fra snails originating fran Jarabacoa, the Doninican 

Republic. Both anis cari-ratus (from Malirdi, Kenya) ard Pia ovata (fran 

Kisuma, Kenya) were collected in the field as juveniles in 1989, and were grown 

to maturity in the laboratory. All experiments used adult amipullariid snails 

ranging from 30-40am in size (shell diameter for Lani and Mar shell 

height for Pila). Biomphalaria glabrata (M line strain) were derived frao a 

laboratory colony. 

Experimental Conditior: Forty liter aquaria were used for all 

experiments. Aeration was provided continuously, crushed oy:ter shell was used 

as a substrate in each aquarium, and fresh leaf lettuce was supplied ad 

libit. Lettuce was held on the bottom of each aquarium with stones to 

facilitate access by anpillariids. A 12 hour light, 12 hour dark photoperiod 

was maintained for all experiments. All experiments were performed at 25 + 

2°C; 75 watt heaters were placed in each aquarium to help stabilize the 

temperature. 

Ten adult B. glabrata were placed in each of 30 aquaria. For each of 

the three &ipullarii.d species, a total of eight of these aquaria were used; 

four received three adult ampullariids each and four received nine adult 

anipullariids each. The six remaining aquaria served as controls and received 

no =mpullariids. At weekly intervals thereafter, without disrupting, the 

sedjl.i--s, the number of B. qabrata of <2mm, 2-9m, and >9mrm shell diameter in 

each aquarium was determined. All aquaria were maintained for 11 weeks. Water 

in the aquaria, was changed monthly. Any anpillariid snail that died was 

replaced immediately; anpuilariid egg masses were removed from the aquaria. 
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All L. glabra egg masses deposited on one wall of each aquarium w-re 

observed three times weekly. The date of initial appearance and position of 

each egg mass was noted. It was determined if the egg mass disappeared prior
 

to the expected hatching date or if the eggs it contained corpleted normal 

development and hatched. The minimum development time was conservatively 

oonsidered to be one week. Egg masses that disappeared prior to their expected 

hatching date were assumed to have been eaten. 

Statistical coparisons between individual experimental treatments and 

ontrols were made using Student's t test, with the level of significance 

selected as 0.05. 
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RESULTS 

For the six control aquaria, the total number of B. glabrata counted 

during each week of the experiment is presented in Figure 1. For each 

experimental treatment, similar counts are provided in Figures 2-7. TIhe mean 

wekly conts for control aquaria and for each experimental treatment are 

presented in Figure 8. Figure 9 indicates the mean total number of egg masses 

cbserved per tank, and the mean total number of egg masses that disappeared and 

were presumed to have been eaten. Figure 10 summarizes the mean percentage of 

egg masses that w :!assumed to have been consumed for ei1ch experimental group 

and for control aquaria. Indicated in Figure 11 is the mean number of -. 

qlabrata in each recognized size category at the end of the experiment. The 

percentage of all snails in each size category at the nd of the experiment is 

presented in Figure 12. 

For the control aquaria, the number of B. glabrata generally rose 

throughout the course of the experiment such that final counts were on average 

atout 13-fold greater than the starting numbers. .Relatively large numbers of 

egg masses were observed in control aquaria ar most hatched normally; less 

than 10% of the egg masses in control aquaria disappeared prior to the expected 

hatching date. As evidence that suocessful recruitment iras taking place, at 

the end of the experiment, ntrol aquaria ontained relatively large numbers 

of <2mm snails as cmpared to experimental aquaria. They also contained many 

2-9mm snails. 

Experimental aquaria containing 3 L. cariat on average produced more 

. labra than did aquaria of any othter group, including controls. Total ]. 

glabrata counts did not differ ignificantly frr i controls at any time, 

however. Mia number of B. glabrata egg masses observed in such tanks did not 
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differ significantly fram controls, but the percentage of such egg masses that 

disappeared prior to expected hatchir date (33%) was significantly higher than 

in control aquaria. Relatively large numbers of 2-9m snails were found in 

such aquaria by the end of the experiment, indicating generally favorable 

conditions for growth. 

Aquaria ontaining 9 _. carinatus had, on average, fewer L. Qlabrata 

than control aquaria, but the difference was not significant. Fewer total egg 

masses were observed in such aquaria, but this difference was not significant. 

A large percentage (59%) of these egg masses disappeared before hatching, 

significantly more than in control aquaria. By the end of the experiment, such 

aquaria contained many fewer <2nm snails than controls although the presence of 

several 2-9mm snails suggested that conditions were generally favorable for 

groth of B. glabrata. 

The results obtained with M. cornuarietis were in uost respects similar 

to those obtained with L. carinatus. The numbers of B. flabrat recovered in 

aquaria receiving 3 M. cornuarietis was higher than control levels whereas 

aquaria receiving 9 adults of this species had lower final mean counts than 

control aquaria. By weeks 10 and 11, the number of B. glabrata in aquaria with 

9 M. cornuarietis was significantly lower than in controls. Fewer egg masses 

were observed in aquaria with M. cornuarietis but the differenc from control 

levels was not significant for either the 3 or 9 snail treatment groip. The 

mean percentage of egg masses that disaloeared prior to btching in aquaria 

receiving 3 or 9 M. oornuarietis was 41% and 48.5%, respectively, both figures 

being, significantly higher than control values. 

Of the three ampullariid species examined, ]. m had the greatest 

impact on .. glabrata populations. Starting at week four and lasting until the 

end of the experiment, aquaria receiving either 3 or 9 adults of this species 
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had significantly '..wer B. clabrata counts than control aquaria. Aquaria 

receiving 9 P. ova on average supported only a 2.5-fold increase in ]3. 

clabrata counts. In aquaria containing 3 P. ova , the number of egg masses 

observed was reduced but the difference with control aquaria was not 

sifnificant; 64% of these ecg masse. isappeared before hatching, a 

significantly higher rate of loss than controls. In aquaria containing 9 P. 

ovata, the number of egg masses observed was reduced significantly, to about 

20% of control levels. Of these, 89% disappeared before they had sufficient 

time to hatch, the highest rate of egg mass disaprearance noted in this study. 

The strong effect of P. ovata irn blocking recruitment is also reflecti by the 

small number of <2mm and 2-9nm snails observed in such aquaria. 
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DISaUSSION 

In all 30 aquaria, L. clabrata populations persist'c throughout the 

eleven week period of study and in most, increased several-feld beyond the 

starting population size of ten adults. The preserre of either 3 or 9 adults 

of j1.carinatus or of 3 adults of M. cornuarietis was insufficient to prevent 

L. gjlarata populations from attaining sizes ccuparable to those observed in 

control aquaria. Addition of 9 adults of M. cornuarietis or of 3 or 9 P. 

ovata had the effect of reducing B. glabrata populaiions below control levels; 

by the end of the experiment. For each ampullariid . ecies examined, 9 adults 

achieved better control than 3 adults. P. ovata 'Pchievcd substantiaLly better 

control than M. cornuarietis which in turn was marginally better than b. 

carinm-s. 

The mean total number of egg masses per aquarium observed throughout 

this experiment was highest, and the percentage of these egg masses that 

disappeared was lowest, in control aquaria. Approximately 7% of the egg masses 

disappeared in control aquaria, indicating a low level of egg cannabalism by 

adult B. qlabrata. The number of egg rrsses observed was generally lower *i 

aquaria containing ampullariids, especially when 9 apullariids were pre-snt, 

b.- except for the 9 p. ovata treatment, these differences were not 

significant. Our data do not allow us to determine if this declirAe was due to 

reduced production of egg masses by B. glabrata in the preserve of 

ampullariids, or to rapid consumption of new egg mas-es by ampullariids in the 

2-3 day interval between observations. 

Dreased production of B. glabra egg masses might result fan 

ocuetition for resources which has been reported in other laboratory studies 

of interaLtiorLs between M. cornuarietis are B . labrata (Cdr- n, 1975). 
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Similarly, in a natural habitat in Guadeloupe, the disappearance of B. glabrata 

has been attrftuted to the consumption of its preferred food by the ampallariid 

Ampullaria lauca (Pointier et al., 1983). In the present case, lettuce was 

supplied ad ibitum. Furthermore, no obvious form of interference competition 

was observed between B. clabrata and anpillariids and they were observed to 

feed side-by-side, but this does not rule out the possibility that subtle 

interference effects occurred, as has been observed by Madsen (1986) with 

1lelisra d i and Bulinus trunca 

Alternatively, decreased B. gqlabrta egg production might result from 

the presence of inhibitory chemicals produced by ampullariids. Other studies 

have documented the producticn of such cancu irds by freshwater snails (see 

discussion by Thcmas et al., 1975 and Chaudhry and Morgan, 1986)), and Cedeno-

Leon (1975) noted that conditioning of media by N. cornuarietis did impair 

growth and reproduction by D. glbrta. We can not exclude the possibility 

that similar phenoena occurred in our experimental aquaria. 

Whereas the effects of ampullariids on the total nmber of B. labrat 

egg masses produced were generally not significant, the percentage of egg 

masses that subsequently disappeared was significantly higher than control 

values for each experimental g.-nup. The ge-neial inverse relationship 

between the total number of egg masses c-_crved and the percentage of egg 

masses ._nown to have disappeared also suggests that predation accounts for the 

reduced number of egg masses in aquaria with ampullariids. For example, nearly 

90%of the cxerved egg masses present in aquaria with 9 P. vat disappeared 

before they were due to hatch, sxggesting that appreciable numbers of egg 

masses would have been produced and then consumed during the intervals between 

observation. Several other investigators have examined interactions between 

ampullariids and pulmonates under laboratory conditions and have noted similar 
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strong predatory effects (Chernin et al., 1956; Demian and Litfy, 1965a and b, 

1966; Paulinyi and Paulini, 1972; Cedeno-Leon and Thamas, 1983; Hofkin et al., 

1990) 

The fate of egg masses was in most cases not determined by direct 

observation so the conclusion that predation by anpallariids is responsible for 

the disappearance is indirect. However, a 
previous study has demonstrated that
 

all three ampullariid species used in the present study consume B. clabrata egg 

masses; under comparable cornitions, B. qlabrata adults did not (e.g. Hofkin et 

al., 1990). Furthermore, some egg masses were observed to be consume by 

ampillariids during the present study. 

The results of the present study are in general agreement with Hofkin 

et al. (1990) who found that of the three anpallariids examined, P. ovata was 

generally a more efficient predator of B. glabrata egg masses and juveniles 

than M. cornuarietis or L. carinatus. Although caution is required in 

extrapolating the results of these two laboratory studies to field situations, 

together they suggest that with respect to the potential use of aupillariid 

snails for the biological control of sddstosamiasis in Kenya, the indigenous 

ampullariid P. ovata is particularly deserving of additional study. The 

results also suggest that further introductions of M. cornuarietis into sub-

Saharan Africa are particularly difficult to justify given the presence of an 

indigenous species with comparable, or superior, biocontrol properties. 

Finally, it seem that L. carinatus has relatively little potential to 

function as an effective biological control agent in Kenya. Additional 

observations to support this claim are provided by Madsen et al. (1988) who 

noted a positive assuciation between L. carinatus and B. pfeifferi in natural 

habitats in the Sudan. This ampullariid was also introduced into three canals 

in the Gezira Agricultural Scheme but had no obvious effects on pulmonate 
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populations (Karaum, 1988). L. carinatus had little effect on macropyte 

densities in irrigation canals in the Gezira (Kaoum, 1988), suggesting it is 

unlikely to function as an effective resource cpetitor with pulmnates. The 

ability of .. ovata to function as a voracious consumer of macrcpytes and to 

displace or limit natural populations of pulmnates in sub-Saharan Africa is 

deserving of additional study. 
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ABSTRnACT: Freshwater snails of the family Ampullariidae have often been 

considered as possible biological control agents of schistosome-transmitting 

pulmonate snails. Ampullariid species indigenous to Africa have been little 

studied in this context. A total of 424 snails representing four species of 

ampullariids (Pila ovata, Ianistes carinatus, L. ovum, and the relatively 

uncommon species L. ciliatus) were collected from 34 different habitats in 

Kenya. Two aspects of the biology of these snails which are pertinent to 

biological control studies were investigated, namely their role as intermediate 

hosts of helminths and their dietary preferences. Two different trematode 

cercariae were recovered from Kenyan ampullariids and are described. A third 

cercaria found previously in P. ovata from Tanzania is also described. None of 

these trematodes are believed to be of public health significance. No 

infections with Aniostronylu or other nematodes were found. Relative 

proportions of various dietary items recovered from the stomachs of the three 

common ampullariid species were recorded. Lanistes carinatus cornsumed 

significantly more detritus than other species, and macrophytes comprised a 

significantly larger part of the diet of P. ovata. lanistes ovum was 

intermediate with respect to the amount of both detritus and macrophytes 

consumed. Kenyan ampullariid species utilize food resources differently, and 

may therefore interact with pulmonate species in fundamentally different ways 

in natural habitats. 
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Many species of freshwater gastropods have been considered as possible 

biological control agents of the molluscan intermediate hosts of 

schistoscmiasis (Michelson, 1957; Jordan et al., 1980; Cnbes and Cteng, 1986). 

The family of snails receiving the most attention in this context is the 

Anipullariidae, representatives of which are widely distributed in both the old­

and new-world tropics (Michelson, 1961). Within this family, Marisa 

cornuarietis has been most thoroughly studied as a potential biological control 

agent. The ability of this snail to consume Biomphalaria and Bulinus egg 

masses and juveniles, and its voracious consumption of aquatic plants are well 

known (e.g. Ferguson, 1977). This gastropod has been implicated in reductions 

of Biomphalaria populations in streams and reservoirs in Puerto Rico (Oliver-

Gonzalez et al., 1956; Jobin et al., 1977, 1984). Introductions of M. 

cornuarietis in Egypt (Demian and Kamel, 1973), Tanzania ((Nguma et al., 1982), 

and the Sudan (Haridi et al., 1985; Karoum, 1988) suggest that this snail has 

control potential outside of the neotropics. 

However, the introduction of exotic gastropods into Africa or elsewhere 

carries with it potential risks that must be carefully weighed. Unfortunate 

instances of gastropod introductions, such as that of Achatina fulica (Mead, 

1961) onto several Pacific islands, have been well documented. With respect to 

M. cornuarietis, this snail has been implicated as a potential pest in rice 

fields (Ortiz-TIorres, 1962), although others have contested this finding 

(Demian and Ibrahim, 1969). Moreover, a control program based on the 

introduction of exotic gastropods must also consider the possibility that these 

snails may transmit helminth parasites of medical or veterinary importance. 
3 



For example, natural infections of t.iostronqvlus cantonensis, causative agent 

of human eosinophilic meningoencephaLiis, have been recovered from Ampullarius 

canaliculatus snails from Kyushu, Japan (Nishimura et al., 1986). This 

anpillariid was brought from Argentina to Japan in 1981 as a potential food 

source (Nishimura et al., 1986). 

Another factor to be considered is that several ampullariid species are 

indigenous to Africa (Brown, 1980), and these snails have not been adequately 

studied in the context of biological control. If further study indicates that 

native ampullariids can serve as effective control agents, the continued 

introduction of exotic species such as Marisa into Africa would become 

particularly difficult to justify. 

Several aspects of the biology of Pila and lanistes, the two prominent 

genera of African apullariids, are poorly known. Additional irformation 

pertaining to the efficacy or to the safety of these snails is required before 

their use in a program of biological control can be advocated. Consequently, 

we have collected four species of ampullariid snails from a variety of habitats 

in Kenya and have examined them for evidence of infection with helminths that 

might pose a public health risk. We have used the same snail specimens to 

ascertain the natural dietary preferences of Kenyan ampullariids. The feeding 

habits of such snails has a direct bearing on their ability to function as 

possible resource competitors for disease-transmitting pulmonate snails. 
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MATERIALS AND METHODS
 

Representatives of Pila ovata, Lanistes carinatus, L. ovu, and L. 

ciliatus were collected in Kenya in 1987 and 1988. Identification of snails to 

genus, species, and subspecies was based on keys and descriptions provided by 

Brown (1980). Snails were preserved in u% ethanol immediately following 

collection. For each snail, both shell and shell aperature size (length and 

width) were measured to the nearest millimeter. Each snail was then removed 

from its shell; pieces of the shell were weighed to obtain total shell weight. 

After determining a snail's sex, the presence or absence of trematode parasites 

was assessed by dissection of the digestive gland and reproductive organs. 

Trematode larvae from positive specimens were examined further with the aid of 

a compound microscope. The same snails were also examined for infection with 

Aniostrongylus and other nematodes by slicing the snails into small (<0.5 cm) 

pieces which were digested in. a solution of 1% pepsin (W:V) in 1% HC1 (V:V) at 

37°C for a minimum of two hours. The digest was then examined microscopically
 

for Angicstroncilus larvae. 

The descriptions of cercariae were based, in part, on observations of 

living material derived from P. ovata obtained from Mwanza, Tanzania (see Loker 

et al., 1981). Measurements were based on specimens fixed in hot 10% formalin. 

Stomach contents of individuals of each species from each locality were 

also studied. A food sample from the proximal region of the stomach was 

suspended in water and examined under X100 magnification. The microscope used 

contained an ocular eyepiece fitted with a grid that measured 0.5mm by 0.5mm at 

this magnification. The food sample was scored for presence or absence of a 
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particular food type in each of twenty five squares on the grid (Kesler it al., 

1986). Six dietary categories were recognized. These included inorganic 

material, macrophytes, detritus, single celled algae (including diatoms), 

filamentous algae, and animal matter. Seven grids per sample were randomly 

selected and examined. For a given food type, the total number of squares 

scored positive for that type was divided by the total number of squares scored 

positive for all food types. This value, compared to that for other food 

categories, was used to estimate the importance of a given type of food in the 

diet of a particular snail. Such data were transformed to arc-sine values and 

were analyzed by ANOVA, followed by Tukey's test when necessary to assess the 

significance of individual pairs of means. 
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RESUL[S 

Collection localities: For each numbered collection locality below is 

listed the local name, collection date, its longitude and latitude, and a brief 

description of the habitat. For P. ovata, localities in western Kenya include: 

1. Old Prison Farm (20 Jan 1987; 00 6.5'S, 340 44.5'E; series of shallow 

Lrrigation ditches) 2. ADC Farm (21 Jan 1987; 00 4.71S, 340 44.5'E; series of 

shallow irrigation ditches) 3. Bl-Al1 Pond (12 July 1987; 0' 10.1'S, 340 54.9'E; 

small borrow pit) 4. Kembija Dam (13 July 1987; 00 2.4'S, 340 30.9'E; man-made 

dam) 5. Nyamguu Stream (13 July 1987; 00 1.8'S, 340 26.7'E; small stream) 6. 

Dago Stream (13 July 1987; 00 0.6'N, 340 32.7'E; small stream) 7. Otodo Stream 

(13 July 1987; 00 3.0'N, 340 34.1'E; small stream) 8. Maugo Stream (14 July 

1987; 00 28.5'S, 340 32.7'E; small stream) 9. Sota Stream (14 July 1987; 00 

30.6'S, 340 28.8'E; mnall stream) 10. Nyalkiny Dam (14 July 1987; 00 31.2'S,
 

340 28.2'E; man-made dam) 11. Rusinga Island (14 July 1987; 0 24.9'S, 340 

12.3'E; lake Victoria) 12. Asembo Bay (20 June 1988; 00 5.5'S, 340 32.7'E; Lake 

Victoria. Collection localities for P. ovata in eastern Kenya include: 13. 

Lake Gulamu Ng'onda (2July 1987; 30 6.3'S, 390 45.5'E; large, ox-bow lake) 14. 

Bura Pond (29 June 1988; 10 15.8'S, 390 58.9'E; man-made dam) 15. Hola Canal 

(30 June 1988; 1' 31.6'S, 400 3.8'E; irrigation canal).
 

All collection localities for representatives of Lanistes were in 

eastern Kenya. For Lanistes carinatus, thel were as follows: 13, 14 and 15. 

see above, 16. Chem-Chem Swamp (17 Jan 1987; 30 12.3'S, 400 23.0'E; large, 

natural swamp) 17. Lake Jilori (2 July 1987; 30 11.4'S, 390 53.2'E; large, 

natural swamp, nearly dry) 18. Dzimbwini (2July 1987; 30 9.1'S, 390 50.9'E; 
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man-made dam) 19. Mbaratum (2July 1987; 30 11.0'S, 390 45.4'E; large, natural
 

swamp) 20. Tana River (1July 1988; 00 27.8'S, 390 39.8'E; pools along river
 

margin) 21. Borr-Algy (1July 1988; 00 28.9'S, 390 40.9'E; pools along river)
 

and 22. °
Lake Madina (22 July 1988; 30 12.0'S, 40 5.5'E; small permanent
 

lake).
 

For L. ovum ovum, localities included: 14, 21 and 22. see above, 23.
 

Mwac!hi River (4July 1987; 30 57.91S, 390 31.4'E; pools in intermittent stream) 

24. Kinango Dam (4July 1987; 40 7.91S, 390 18.8'E; man-made dam) 25. Nambe
 

Stream (5July 1987; 40 26.4'S, 390 18.9'E; pools in intermittent stream) 26.
 

Marafa Pond (23 July 1988; 30 2.2'S, 390 47.5'E; small ponds) 27. Dida Pond II
 

(24 July 1988; 30 25.6'S, 390 48.0'E; man-made dam) and 28. Vitengini Pond (24
 

July 1988; 3 21.3'S, 39 40.9'E; larg:.pond). For L. ovum p the 

localities were: 13. see above, 29. Mtawa Stream (15 Jan 1987; 40 20.7'S, 390 

29.5'E; shallow, slow-flowing stream) and 30. Kachororoni Dam (3July 1987; 30 

29.0'S, 39 42.7'E; small dam on intermuittent stream). Localities for L. ovum
 

r 
 are: 31. Muhaka Dam (15 Jan 1987; 40 17.8'S, 390 30.2'E; man-made 

impourndment) 32. Kiziamondo Stream (4July 1987; 40 7.91S, 390 19.8'E; pools 

in intermittent stream) and 33. Mwangwei (5July 1987; 40 30.6'S, 390 16.8'E; 

small, natural swamp). 

For L. ciliatus, the two collection localities were: 26. see above, and 

34. Rare River (3July 1987; 30 31.1'S, 390 45.9'E; pools in intermittent 

stream). 

Infection of Ampullariids with Helminth Parasites: From the 34 Kenyan 

ampullariid habitats, a total of 424 snails were collected and examined for 

helminth infection. Ampullariids are often considerably less abundant in 

natural habitats than smaller snail species; in many of the localities, fewer 

than ten specimens were found. Eighteen individuals (4.2%) were found to be 
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infected with trematode larvae (Table 1). Two different cercariae, designated 

Cercaria A and B, were found. Cercaria A is a furcocercous cercaria recovered 

only from two P. ovata from habitat #7 in western Kenya. Cercaria B was 

recovered fram P. ovate in four habitats in western Kenya and from L. 

carinatus, L. ovum p and L. ovum purpureus in five habitats in the 

eastern portion of the country (Table 1). 

For ten of the fifteen habitats containing P. ovate, females 

outnumbered males in our collections, and 61.8% of all mature snails collected 

were females. No trematode infections were found in males. Infected L. 

carinatus were recovered from two of the ten habitats where we found this 

species. Females outnumbered males in five of these habitats and comprised 

57.9% of mature snails. Snails of both sexes were infected but more females 

were infected than males. Of the fifteen habitats where tt.. three subspecies 

of L. ovum were found, three contained infected snails. Females comprised 

.60.3% of the mature snails in our collections. All mature, infected snails 

were females with one exception. Only sixteen individuals of the relatively 

uncommon species L. ciliatus were collected, all from localities #26 and #34. 

None were found to be infected.
 

Sexually immature snails accounted for 29.2% of all collected 

anpullariids. Frathermore, of the eighteen snails found to be positive for 

trematode infection, four (22.2%) were juveniles. Thus, although the sample 

sizes are small, these data suggest that juvenile ampullariids harbor larval 

trematodes at rates comparable to those seen in adults. 

The tissues of all dissected snails were subsequently digested in 

pepsin-HCl to determine if Aniostroncvlus or other nematode infections were 

present. No nematodes were found. 

Description of Cercariae: Cercaria A is pharyngeate, has a ventral 
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sucker and lacks eyespots. It possesses conspicuous refractile granules within 

the excretory bladder and has thick-walled intestinal cecae which termi-ate at 

the level of the ventral sucker (Fig. 1). This cercaria is produced in 

daughter sporocysts. It closely resembles Cercaria meacoelia obtained from 

Melanoides tuberculata from lake Albert (Fain, 1953). A cercaria very similar 

to C. mefacoelia was reported by Fain (1953) from snails of the genus Pila, but 

was not given a formal name. 

Cercaria B corresponds in morphology to a cercaria recovered from P. 

ovata in the Mwanza region of Tanzania (Cercaria #26 of Loker et al., 1981). 

Living representatives of this previously undescribed cercaria have been 

examined so a relatively complete description is possible (Fig. 2). It is an 

echinostome cercaria possessing 27 collar spines of approximately equal size. 

It has only a rudimentary tail which is not clearly demarcated from the body. 

The excretory bladder is spherical and contains a small, posterior bulb that 

extends into the "tail". The main excretory collecting ducts are sinuate and 

for each, the portion immediately anterior to the ventral sucker is expanded 

and filled with approximately 10 refractile granules. Approximately 26-27 

pairs of flame cells were observed. Numerous cystogenous gland cells extend 

from the level of the pharynx to the posterior margin of the body; cystogenous 

cells are filled with needle-like structures arranged in bundles. Along the 

esophagus, 8-10 glandular structures were observed. This cercaria was 

recovered only from daughter rediae (Fig. 3) which were found in tae digestive 

gland of infected snails. Metacercariae of this species (Fig. 4) have a 

regular oval outline (145-190 X 90-122 um) and are also found in the digestive 

gland of infected snails. This suggests that the essentially tailless 

cercariae of this species encyst to become metacercariae within the tissues of 

the host in which they are produced. 
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Additionally, we here describe a third cercaria (Cercaria C, Fig. 5) 

which, although not observed in anpullariid snails from Kenya, has been 

recovered from P. ovata collected in the Mwanza region of Tanzania (Cercaria 

#27 of Loker et al., 1981). This echinostcme cercaria possesses a collar 

bearing 47 spines of similar length. A cluster of similarly-sized spines is 

located anterior to the pharynx. The esophagus bifurcates immediately anterior 

to the ventral sucker, and the ceca extend to the posterior margin of the body. 

Nkmrous cystogenous cells are found throughout the body and are filled with 

needle-like rods arranged in bundles. Refractile granules are also distributed 

throughout the body and are especially prominent between the pharynx and 

ventral sucker. A total of 13-15 unicellular penetration glands is observed on 

each side of the pharynx. The main excretory ducts are sinuate and inflated 

from the level of the ventral sucker to the pharynx; 10-20 refractile granules 

are located in each inflated excretory duct. Sixteen pairs of flame cells were 

observed in the body. The tail contains no prominent fin-folds. Metacercariae 

(Fig. 6) corresponding in morphology to this cercaria were found encysted in 

the salivary glands of P. ovata. Metacercarial cysts have a flattened oval 

shape and measure 198-228 long by 114-133 um wide (living specimens). Living 

daughter rediae have a relatively clear body with a dark gut which is 

approximately one-third the length of the body (Fig. 7). 

Analysis of Stomach Contents: The stomach contents of P. ovata were 

relatively consistent between localities; in 12 of 14 habitats, the most 

abundant dietary component was macrophytes, and in no habitat did detritus 

contribute more than 30% of the total diet. Similarly, for L. carinatus, in 

six of the eight habitats where collected, detritus was the most abundant 

dietary component. In no case did macrophytes comprise more than 20% of the 

diet. For L. ovum, the three recognized subspecies did not differ 
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conspicuously from one another in dietary preferences, and are considered 

together 	below. Macrophytes were the most abundant dietary item in nine of 14 

L. ovum 	habitats, with both detritus and one-celled algae contributing 

prominently 	in other locations. 

For the interspecific comparisons described below and in Figure 8, diet 

data from different localities were pooled for each species. Significant 

interspecific differences in the relative abundance of dietary macrophytes were 

noted (F = 27.286, p < 0.001). All three species differed significantly from 

one another in this regard; P. ovata consined the most macrophytic material and 

L. carinatus the least. Significant differences between species were also 

noted in 	 the relative abundance of detritus in the diet (F = 39.566, p < 

0.001). 	 L. carinatus ate significantly more detritus than L. ovum which 

consumed 	 significantly more than P. ovata. 

Interspecific differences in the consumption of single celled algae 

(including diatoms), filamentous algae, and inorganic material were not 

statistically significant. Unicellular algae appeared to be a relatively 

important food source for all three ampullariid species, while filamentous 

algae typically made up only a small portion of the diet. All species consumed 

substantial amounts of inorganic material. The amount of recognizable animal 

material consumed was low for all three species and consisted mainly of 

ostracods, or the chitonous remains of arthropod exoskeletons. L. carinatus 

consumed significantly more animal material than the other two species, 

although the low values obtained for all three apullariids indicate that this 

result should be interpreted cautiously. 
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DISCUSSION 

Not surprisingly, it was found that ampullariids in East Africa harbor 

larval trematodes. The most common ampullariid trematode species that we 

found, Cercaria B, produces a 27-spined echinostome cercaria that apparently 

encysts within the same snail in which it is produced. Although the life cycle 

of this fluke is not known, the openbill stork (Anastomus lamelligerus) and/or 

the hamerkop (Spus umbretta) should be investigated as possible definitive 

hosts; both avian species are conspicuous consumers of ampullariid snails in 

Kenya (personal observations). As has been reported for other echinostome 

species in Asia (see Malek, 1980 for review), ingestion of raw or poorly-cooked 

ampullariids might result in human infections with this echinostome, though we 

know of no documented cases of echinostome infections in humans in Kenya. 

Also, although people in Africa do under some circumstances consume ampullariid 

snails (Pilsbry and Bequaert, 1927), this practice is not common in Kenya. 

Similar considerations apply for Cercaria C, the 47-spined echinostome cercaria 

recovered from P. ovata in Tanzania. This species encysts as metacercariae in 

P. ovata and could also possibly infect humans if such snails were ingested. 

Cercaria A, the furcocercous cercaria recovered from Pila ovata in western 

Kenya is not a schistosome cercaria as it possesses a pharynx. It is unlikely 

that this particular trematode infects humans or domestic animals with any 

regularity although additional experiments to elucidate its life cycle are 

needed. 

Indeed, all trematodes of known medical or veterinary significance in 

Kenya are transmitted by pulmonate snails (Brown, 1980). Because of the 

distant rrolationship between pulmonate and prosobranch snails, it is very 
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unlikely that native or introduced ampullariid snails can serve as intermediate 

hosts of these pulmonate-transmitted trematodes. Marisa cornuarietis has been 

shown to be refractory to Schistosoma mansoni, S. haematobium and Fasciola 

hepatica (reviewed by Ferguson, 1977) but comparable experiments have not been 

undertaken with the African ampullariids. 

Perhaps a more probable way in which native Kenyan ampullariids might 

become involved in the transmission of helminths of medical significance is by 

hosting nematodes of the genus Aniostronqylus. Although there are no records 

from East Africa of human infections with this nematode genus (Brown, 1980), 

the range of Anqiostronqvlus cantonensis is expanding (Cross, 1987). For 

example, A. cantonensis has been reported to infect lanistes carinatus in 

Egypt, a country in which previous surveys had failed to report this parasite 

(Yousif and Ibrahim, 1978). Also, a worm described as Anmiostronylus 

costaricensis has recently been recovered from a man in Zaire (Baird et al., 

1987). 

None of the Kenyan anpullariids we examined were infected with 

nematodes, as assessed by examination of pepsin-HCl digestion of ethanol­

preserved snails. Anqiostroncfvlus larvae preserved in ethanol and subjected to 

the same treatment were not digested, so we are confident that nematode larvae 

would have been recovered if present. Further survey work of rodents, 

particularly domestic rats, and of Achatina fulica and other terrestrial 

mollusks in and around prominent port cities such as Mombasa is needed to 

determine if Anqiostroncylus has been introduced in Kenya. If such an 

introduction were to occur, it is not inconceivable that ampullariid snails 

could play a role in transmission of infection to rats, and possibly to other 

mammals including man (see Yousif and Ibrahim, 1978 and Nishimura et al., 

1986). 
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Biological control of pulmonate snails by ampullariids could
 

theoretically be achieved in several ways. For example, ampullariids can
 

consume the eggs, neonates, and even the adults of medically important 

pulmonate snails (Demian and lutfy, 1966; Cedeno-Leon and Thomas, 1983). 

Alternatively, control might be achieved as a result of competitive 

interactions, either as resource or interference competition (Schoener, 1983; 

Madsen, 1986). Use of M. cornuarietis in biclogical control has been 

encouraged because it is able to exert both predatory and competitive effects 

on target species (Ferguson, 1977). 

To date, little has been done to identify snails with such 

characteristics among the native ampullariid fauna of Africa. Preliminary 

studies from our laboratory indicate that P. ovata, L. carinatus, and L. ovum 

are capable of preying on egg masses and juveniles of pulmonate snails at rates 

comparable to those seen with M. cornuarietis. Regarding the potential 

competitive ability of African ampullariids, the results obtained from stomach 

content analysis indicate that significant dietary differences exist amorj 

species. For example, P. ovata consumes proportionately more macrophytes and 

L. carinatus more detritus. It should be noted that in the chosen method of 

dietary analysis, no attempt was made to quantify the percentage of a square on 

the grid that was occupied by a particular food type. A single-cell alga, for 

example, might fill only a fraction of a square and be scored in the same way 

as a piece of macrophyte that completely covers a square. Thus, the inortance 

of some smaller food types may be over-estimated. Also, this method may 

underestimate the amount of animal material in the diet, particularly so for 

soft tissues which may not be recognizable among the stomach contents. 

Nonetheless, this method was applied consistently between species and provides 

an accurate estimate of the relative importance of the various classes of 
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dietary items. 

The available data in the literature, although limited, generally 

support our observations. For example, Pila clobosa is known to voraciously 

consume macrophytes in India (Thomas, 1975). In contrast, L. carinatus showed 

only a slight tendency to consume macrophytes taken from irrigation canals in 

the Sudan (Karoum, 1988). L. ovum, which we found consuned both macrophytes 

and detritus, hias been shown to damage rice plants in Swaziland (CroIand, 

1975). 

The implications of the different dietary preferences of African 

ampullariids with respect to their possible use in biological control of 

pulmonates have yet to be clearly elucidated. Published reports (Dudgeon and 

Yipp, 1983; Thomas et al., 1985) as well as unpublished data from our 

laboratory indicate that both Biomphalaria and Bulinus consne relatively large 

quantities of detritus. L. carinatus might therefore I- explcted to function 

effectively in biological control as both an egg predator and competitor fora 

food in the form of detritus. However, studies of L. carinatus in Sudanese 

irrigation systems suggest its distribution in canals is positively associated 

with that of Biomphalaria pfeifferi (Madsen et al., 1988). Although such a 

distributional association does not necessarily imply that competitive 

interactions do not occur between these two species, it does suggest that L. 

carinatus is incapable of completely excluding B. pfeifferi from natural 

habitats. Karoum (1988) introduced L. carinatus into three canals in the 

Gezira Agricultural Scheme and, although populations of this snail did become 

established in each canal, their presence did not result in a clear reduction 

of schistosome-transmitting pulmonates. It should be noted, however, that L. 

carinatus did not attain high densities in these canals (Karoum, 1988), a 

problem that may plague all efforts to achieve control with ampullariids. 
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Alternatively, P. ovwta may prove useful in control programs if it 

preys on ptlbmnate egg masses and unfavorably alters pulmonate habitats by 

lowering the biomass of macrophytes. The reported successes with M. 

cornuarietis, a known consumer of macrophytes, support this view. Similarly, 

the displacernt of Biomhalaria clabrata by Ampullaria glauca in Grand Etang 

Take in Guadeloupe was attributed to consumption by the ampullariid of floatinc 

macrophytes used by B. glabrata for food and shelter (Pointier et al., 1988). 

Perhaps two or more ampullariid species with different dietary preferences, 

that impinge in different ways on the target species, could ultimately be used 

in concert to achieve better control. 

In conclusion, the Kenyan ampullariid specimens we examined did not 

harbor helminths of known memdical or veterinary significance. The involvement 

of native ampullariids in Anciostroncylus transmission in Egypt, however, 

suggests that caution and vigilance are warranted should Pila or Lanistes be 

used in biological control programs in Africa. Our results also indicate that 

ampullariid food preferences vary between species, and we argue that such 

preferences will be important in assessing the biocontrol potential of 

different ampullariid species. Further trial studies of the efficacy of 

African ampullariids as control agents of pulmonate target species, and of 

their effects ont aquatic food plants are warranted before their widespread use 

in biological control in Kenya can be condoned. 
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Table 1. Listed for each aipullariid species are the collection localities, 

the number of juvenile snails, and adult male and female snails collected at 

each locality, and the number of snails in each category infected with larval 

trematodes. All infections indicated bi this table refer to Cercaria B, with 

the exception of habitat #7, indicated by the asterisk, which refers to 

Cercaria A. 
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Locality Number of Number Infected / Number Collec Led 
Number Snails Collected 

Juveniles Males Females 

Pila ovata 

1 5 0/5 - -
2 11 - 0/7 0/4 
3 33 3/21 0/4 0/8 
4 3 - 0/2 0/1 
5 5 0/1 0/1 1/3 
6 25 0/1 0/9 1/w 
7 13 0/1 0/6 2/6 
8 8 0/4 0/1 0/3 
9 2 - 0/1 0/1 

10 11 0/1 0/3 0/7 
11 11 - 0/3 0/6 
12 15 0/1 0/4 1/10 
13 6 0/3 0/1 0/2 
14 1 - - 0/1 
15 1 - - 0/1 

TOTAIS 150 3/38 0/42 5/68 8/148 = 5.4% 
Ianistes carinatus 

13 
14 
15 

15 
1 
1 

-
0/1 
-

0/6 
-

0/1 

0/9 
-
-

16 35 1/14 1/21 
17 10 - 0/4 0/6 
18 25 0/3 0/12 0/10 
19 33 - 1/12 3/21 
20 8 0/4 0/1 0/3 
21 6 0/2 0/2 0/2 
22 2 - 0/1 0/1 

TOTALS 136 0/10 2/53 4/73 6/136 = 4.4% 
Ianistes ovum ovum 

14 1 0/1 - -

21 2 0/2 - -

22 8 0/8 - -
23 1 0/1 - -
24 2 0/2 - -

25 15 0/13 0/1 0/1 
26 6 0/5 - 0/1 
27 12 0/7 0/1 0/4 
28 15 0/10 1/1 0/4 

TOTAIS 62 0/49 1/3 0/10 1/62 = 1.6% 
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Table 1, continued 

Locality Number of Number Infected / Number Collected 
Number Snails Collected 

Juveniles Males Females 

13 
29 
30 

TOTAS 

24 
2 
8 

34 

Lanistes ovum p 

0/1 
0/2 
1/1 

1/4 

0/10 
-

0/2 

0/12 

0/13 
-

1/5 

1/18 2/34 = 5.9% 

lanistes ovum 

31 
32 
33 

TCTALS 

9 
8 

11 

28 

0/4 
0/5 
0/4 

0/13 

0/3 
0/1 
0/4 

0/8 

0/2 
1/2 
0/3 

1/7 1/28 = 3.6% 

Lanistes ciliatus 

26 
34 

1 
15 

-
0/10 

-
0/5 

0/1 
-

TOTALS 16 0/10 0/5 0/1 0/16 = 0.0% 
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FIGURE IEGENDS
 

Figure 1. Cercaria A, a furcocercous, pha.yrigeate cercaria recovered from Pila 

ovata in habitat #7 in westerr Kenya. ScaLle bar = 200um 

Figure 2. Cercaria B, an echinostome cercaria bearing 27 collar spines, 

recovered frm anpullariids in both Kenya and Tanzania (see text). Scale bar = 

100um 

Figure 3. Daughter redia in which Cercaria B is produced. Scale bar = 75um 

Figure 4. Metacercaria produced during encystrnt of Cercaria B. Scale bar = 

8Oum 

Figure 5. Cercaria C, an eW. nostom cercaria bearing 47 collar spines, 

recovered from Pila ovata from the Mwanza region of Tanzania. Scale bar = 70um 

Figure 6. Metacercaria produced during encystment of Cercaria C. Scale bar = 

125um 

Figure 7. Daughter redia in which Cercaria C is produced. Scale bar = 675um 

27
 



1 2 

3o 

4 , 

0 t 

00 

00 0* 

0 



Figure 8. Indicated on this bar graph are the relative percentages (mean + 1 

s.d.) of six categories of dietary items recovered from the stomachs of Pila 

ovata, Lanistes carinatus, and L. ovum. The sample size (pooled between 

collection localities) for each species is indicated on the graph. The dietary 

categories are inorganic material (inorg), macrophytes (macro), detritus (det), 

one-celled algae (one), filamentous algae (fil), and anima". material (an). 

Significant differences between species were noted for both the macrophyte and 

detritus categories (see text for additional explanation). 
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Table 1: The aipullariid snails examined for this study originated from the 

collection localities listed below (see Table 2 for additional information). 

For each locality is listed the local name of the habitat, collection date, its 

longitude and latitude, and a brief description of the habitat. The freshwater 

gastropods found at each location are also indicated using the following 

abbreviations: BB = Bulinus (Bulinus) sp., Bc = Bioxhalaria choanomphala, Bf = 

Bulinus forskalii, Bip = Biomphalaria pfeifferi, BP = Bulinus (Physopsis) sp., 

Bt = Bellamva trochlearis, Bu = Bellaya unicolor, Og = Cleopatra auillemei, Cf 

= Cleopa ferruinea, Cn = Ceratuphallus natalensis, Fc = Ferrissia 

clessiniana, Gh = Gabbiclla humerosa, Lca = Lanistes carinatus, Lci = Lanistes 

ciliatus, Ln = Lymna natalersis, Loo = Lanistes ovu ovum, Lopr = Lanistes 

ovum proce Lopu = Lanistes ovum purpureus, Mt = Melanoides tuberculata, Po 

= Pila ovata, Sk = Segmentorbis kanisaensis 

#17: Mtawa Stream; 15 Jan 1987; 40 20.7'S, 390 29.5'E; shallow, slow­

flowing stream; Bf, BP, In, Lopr, Mt. 

#18: Muhaka Dam; 15 Jan 1987; 40 17.8'S, 390 30.2'E; man-made
 

impoundment; BP, n, Lopu, Mt. 

#25: Chem-Chem Swamp; 17 Jan 1987; 30 12.3'S, 400 23.0'E; large, 

natural swamp; Cf, Lca, Mt. 

#32: Old Prison Farm; 20 Jan 1987; 00 6.5'S, 340 44.5'E; series of 

shallow irrigation ditches; Bip, Bf, BP, Cn, n, Po. 

#37: Lake Jilori; 2 July 1987; 30 11.4'S, 390 53.2'E; large, natural 

swamp, nearly dry; lca. 
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#38: Dzinbwini; 2 July 1987; 30 9.1'S, 390 50.9'E; man-made dam; BP, 

Cf, Gh, Lca, Mt. 

#40: Mbaratum; 2 July 1987; 30 11.0'S, 390 45.4'E; large, natural
 

swamp; Lca. 

#41: lake Gularmu Ng'onda; 2 July 1987; 30 6.3'S, 390 45.5'E; large, ox­

bow lake; Cf, Lca, Lopr, Mt, Po.
 

#42: Rare River; 3 July 1987; 30 31.1'S, 390 45.9'E; pools in
 

intermittent stream; Lci. 

#43: Kachororoni Dam; 3 July 1987; 30 29.0'S, 390 42.7'E; small dam on 

intermittent stream; BP, Cf, Cn, Lopr. 

#46: M.vachi River; 4 July 1987; 30 57.91S, 390 31.4'E; pools in 

intermittent stream; BP, Bu, Cf, Fc, Loo. 

#48: Kiziamondo Stream; 4 July 1987; 40 7.9'S, 390 19.8'E; pools in 

intermittent stream; BP, Cf, Lcpu. 

#49: Kinango Dam; 4 July 1987; 40 7.91S, 390 18.8'E; man-made dam; BP, 

Bu, Loo. 

#53: Kambe Stream; 5 July 1987; 40 26.4'S, 390 18.9'E; pools in 

intermittent stream; BP, Cf, Fc, Loo. 

#55: Mwangwei; 5 July 1987; 40 30.6'S, 390 16.8'E; small, natural 

swamp; BP, Bu, Cf, Lopu. 

#58: Bl-Al Pond; 12 July 1987; 00 10.1'S, 340 54.9'E; small, borrow pit 

pond; BB, Bf, Cn, in, Po, Sk. 

#59: Kembija Dam; 13 July 1987; 00 2.4'S, 340 30.9'E; man-made dam; BB, 

Bf, Cn, Po, Sk. 
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#61: Nyamguu Stream; 13 July 1987; 00 1.8'S, 340 26.7'E; small stream;
 

In, Po.
 

#62: Dago Stream; 13 July 1987; 00 0.6'N, 340 32.7'E; small stream; BP, 

Cn, Pa.
 

#63: Otodo Stream; 13 July 1987; 00 3.0'N, 340 34.1'E; small stream; BP, 

Bf, In, Po.
 

#67: Maugo Stream; 14 July 1987; 00 28.5'S, 340 32.7'E; small stream; 

Bf, Og, Cn, Po.
 

#68: Sota Stream; 14 July 1987; 00 30.6'S, 340 28.8'E; small stream; 

Po. 

#69: Nyalkiny Dam; 14 July 1987; 00 31.2'S, 340 28.2'E; man-made dam; 

BP, Cn, Fc, Po. 

#70: Rusinga Island; 14 July 1987; 00 24.9'S, 340 12.3'E; lake Victoria;
 

BB, Bc, Bt, Bu, Gh, In, Mt, Po.
 

#139: 
Asembo Bay; 20 June 1988; 00 5.51S, 340 32.7'E; Lake Victoria; 

Bf, Bip, BP, Ln, P0. 

#141: Asembo Stream; 20 June 1988; 00 10.3'S, 340 24.5'E; semi­

permanent stream; Bf, BP, Bs, M, P0. 

#142: Maugo Rice Fiela; 22 June 1988; 00 36.5'S, 340 29.4'E; rice 

field; Og, Po. 

#144: Bura Pond; 29 June 1988; 10 15.8'S, 390 58.9'E; man-made dam; BP, 

Cb, Ica, Ioo, P0. 

#145: Hola Canal; 30 June 1988; 10 31.6'S, 400 3.8'E; irrigation canal; 

BP, Cb. Lca, P0. 
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#146: Tana River; 1 July 1988; 00 27.8'S, 390 39.8'E; pools along river
 

margin; Cb, Lca, Po. 

#147: Borr-Algy; 1 July 1988; 00 28.9'S, 390 40.9'E; pools along river; 

BP, Cb, Ica, Ioo. 

°#152: Lake Madina; 22 July 1988; 30 12.0'S, 40 5.5'E; small permanent
 

lake; Cb, Lca, Loo.
 

#153: Marafa Pond; 23 July 1988; 30 2.2'S, 390 47.5'E; small ponds;
 

Cb, Lci, Loo.
 

#155: Dida Pond II; 24 July 1988; 30 25.6'S, 390 48.0'E; man-made dam; 

Cb, BP, Lci, Loo. 

#156: Vitengini Pond; 24 July 1988; 30 21.3'S, 390 40.9'E; large pond; 

BP, Cb, Loo. 
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ABSTRACT 

, 
.3 , 

.-

Biomphalaria pfeifferi is widespread in Africa. tol-
erates a diverse arrav of habitats, and is hichlv sus-
ceptible to s.mistosome infection. As such it is the 

motimotnths o ciigsonmesnmo st im po rta nt ho st of Sc /his toso m a t man o nt iin thhe
Old World. Representatives of Biomnphalaria pfeifferi
from twelve localities in southern Kenva were exam-
ined using starch eel electrophoresis in order to
describe the population structure. Ten to lifteen loci 
were resolved in each population. Genotypic fre-
quencies obtained for 10 loci have been used to cal-
culate Neis cenetic distances. Nine eastern 
populations were relatively similar to each other 
ID < 0.018). hut divergent irom western populations
(D < 0.097). Two of three swes,ern populations were 

similar (D = 0.001). the third being more diver-
gent (D <0.25 4- Genotypic frequencies showed a
substantial depariure from Hardv-Weinbere equi-
librium. due to amarked deficiency of heterozygotes.
Calculation of F-statistics revealed evidence of non­
random mating as well as considerable differentiation 
among localities. Biomphalaria pfeifferi differs fromother Biomphalaria species studied to date inexhibit-
ing evidence of non-random matine. Hiher levels 
of inbreeding could alter the pattern of response to 
selection imposed by parasites such as Schistosona 
mansoi,. 

INTRODUCTION 

Bioniphalaria pfeifferi (Krauss) is the most 
important intermediate host for Schistosomna 
mansoni in the Old World. It is geographically
widespread, being found throughout most of 
Africa south of the Sahara. and it occupies a 
great diversity of habitat types, including areasaffected by human activities such as drainage -

and irrigation ditches and dams (Appleton.
1978; Brown, 1980; Mandahl-Barth. 1958). B. 
pfeijferi is highly susceptible to infection with 

Schisrosonma inansoni (Basch. 1976 and rcf­
erences therein: Frandsen. 1979).

Despite the medical importance of B. pfeif­
feri, chis specics remains quite poorly under­

s pood emi ns it morlo,,nder­
stoodt r taxonomically.n s i h .m n , dis s r b d s b p c e h g o It morphologically
heterogeneous, with man. described subspecies
and variants. the genetic and environmental 
bases of which are not well understood (Mand­
ahl-Barth. 195S; Danish Bilharziasis Labora­
tory. 1987). Representatives of twelve 
populations of B. pfeifferi collected andwere 
examined using starch gel electrophoresis in
order to describe theintra-population and inter­
odertode ethc trapotton a iter­

population genetic composition of this species.
A second objective of thisstudv was to examine 
possible implications of the population structure 
for the transmission of S. niansoni. 

MATERIALS AND METHODS 

Snails were collected during January 1987: collecting
localities are illustrated in Figure 1. All collectine 
sites were located in areas in which schistosomiasis is 
endemic (Brown et al., 19SI). Although we did not 
attempt to determine whether the snails used in ourstudy were infected with S. mansoni, all sites were
 
freelyaccessible to the public, and therefore represent

potential sites for transmission. Longitude. latitude
and habitat type are as follows: (i) Matingani Seepage 
(17'S. 37°53'E. seepage area): (2)Muthamo Seepage(1'8.4'S. 38*2.7'E. seepage area). (3)Nlbondoni Dam 
((r57'S. 38"2.4'E. dam). (4) Kangonde Dam (1"2.1'S.
37"43'E. intermittent stream): (5)Mwea East (0"40'S.
37"30'E. roadside borrow pit); (6) Mwea West 
(0-40-S. 37'30'E.(3'36.5'S. 37'44.5'E: swamp): (7) Grogan Canalpermanent stream): (8) Kwa­homa Stream (3°23.5'S. 37'39.4'E. permanent
stream): (9) Asawo Stream (0*I6.YS. 34.9.4"'E. 
intermittent stream): (10) Martin's Draiii (0"4.7'S.
34*44.5'E. intermittent stream): (11) Kamayoga 
Stream (0'24.3'S. 34L9.8'E. intermittent stream): (12) 

'To hornerrspumcnc ssiold be ,IH2rr..d. 
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Fie. 1. Map of Kenya. shoNing collectng localities: (1) Matincani Seepage: (2) Nluthamo Seepace: (3) 
Nibondont Dam: (4 1 Kanconde Dam: (5) SI%%ea East: (6) MNica \West. (7) Grocan Canal: (S) K\%ahoma 
Stream: (9) Asa%\o Stream: (10) Martin's Drain: (11) Kamavova Stream: (12) Onsando Dam. 

Onsando Dam (0-42.9'S. 35 2.4'E. dam). Snails w% substrates and lcucvyslscylls'cinc, 6­ere leuc\lalanine 
collected b\ means of a dipnet. rinsed to remove mud phosphogluconate dehvdrocenase (decarboxylatinc) 
and epiphytes. wrapped in foil. and stored in liquid (PGD. g..l.4-3. isomeraeelucose-.6phophate 
nitroeen for transport. After transport. snails \\ere (PGI. 5.3.1.9). and phosphoclucomutase (1G.I. 
stored at -7):C until used for clectrophoresis. Rep- 5.4.2.2). 
rescnt-iive shells have been deposited in the col- Sample sizes varied considerably. Factors influ­
lections of the Savannah River Ecology Laboratory. encing the sample size for particular loci include the 

Methods fr. ,!7!rch gel electrophoresis of Bioni- sizes of individual snails and sensitivity of allozvmc to 
phalaria spc,,es have been described elsewhere freezing and storaee. Gels were scored conservatlvely. 
(Mulve, et a,.. 19SS). Snails used for electrophore with individuals exhibitine evidence of stainine arl­
ranged irom approximatel. 2.5 to 15 mm in diame: facts or tissue degradation for a particular alloz'nc 
and were homogenized whole. To facilitate cot.- being excluded from the sample for that loCuS. In our 
parison v,ith prevjous studies, mobilities of alleles experience, additional bands of enzyme .'..it are 
were determined relative to the NI-line stock of B3. found in zvmoerams of snails infected with diecnelic 
glabraw (Newton. 1955). Fifteen loci were examined; trematodes. Occasionally additional bands. acr, 
at least ten loci were resolved in all populations. This observed for this field collected material, however. 
subset of I} loci resolved in all populations %\asused the' did not interfere with interpretation of snail­
for all subsequent calculations. Enzymes. abbre\i- associated elecirophoretic patterns 
ations and numbers assiened by the International Data were analysed using the BIOSYS program of 

- Union of Biochemistry arc as follows: aconitate hydra- Swoflord and Selander (19 1). Genotypic lreuuen:,i 
tase (ACON. 4.2.1.3). alkaline phosphata.ZAKP. %Aerecalculated for each population at each locus. ;ir,. 
3.1.3.1). carboxylesterase (EST. 3.1.1.1). aspartate these were comparedwith frequencie, expected unilr 

aminotransferase (AAT. 2.6.1.1). n-glycerol-3-phos- Hardy-Wet nbere equilibrium using a cm-square s,., 

phate dehydro'enase (NAD") (GPD. . 1.1.8). hemo- istic. A coefficient of inbreeding. F.. can be calcul.,t,: 
globin (1B). isocitrate dehvdrnecnae (NADP) as H1 - observed hetcrozsEotc, expeced het." 
IID-. 1.1.1.42). nialate dehydropcnase (MDIL. zyeoies) When inhreedine is Irequen:. hc:eroz\Lo,­
1.1.1.37). purine nucleo-ide phosphorvlasc (NSP, w,.ill be rare. and the breeding coeoitcent %ilallprta:h 
2.4.2.1). aniinopeptidise (PEP. 3.4. 11.11. using the one. -l 

http:1.1.1.37
http:1.1.1.42
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T%%o factors ma contribute to inbreeding. finite remaining case, observed genotypic frequencies

population size and non-random ni. :,ng. the latter are not significantly different from expectations
con,,sio'in ol either poitve asw!,..tnie or con. under Hard'-'einber, equilibrium.

sanc_'uineous mating. WVrie..ht(1 . , 9) and Net Coefficients of inbreeding were calculated
 
(1973. 1'77) developed a series of coct!icients IF ,tat- from aerace observed and expected het­
stics) for assessin-, the relatie cqntrihutions of !! ,
 
factors describim the depanure from tard\..\, erozygosities for ten loci for each population:
 
her, equilibrium a brief sunmary ts presented beio., inbreedine coeflicutnts (fixation indices) are pre-

In the model the entire recion sampled isconsidered sented in Table 3. Eleven of twelve are large

a population, and Individual sampling localities 
are and positie. indicating a substantial deficiency
considereu subpopulatons. T'he breedine coefficient of heterozyvotes.

for ihe total population. F. defines the correlation The F-coetficients calculated for the Kenvan

het,,ecn 2 .,llels in an indiidual acros localities In Biomplalaria p.fefferi populations are pre­
the lare population. The Inbreeding coelticient for sented in Table 4: these are based on the subset

subpipulatons. t, represents the correlation of ten loci for %shichall population, could be

beiseen 2 allel! in an Individual within a subpo­
pulation. and describes the contribution of non-ran- characterised. All valucs of F, are larce and

dom matine to inbreedin. Both F,, and F,, can rante 
 positive. indicating a substantial deficiency of

from - I to . 1. and can be either positive. indicatinc heterozvgotes across the entire region. Values
 
.a deficiency of heterozvyotes. or neiLai\e. indicating of F,, are 
also all positive and generallv hih. 
an excess of heterozgotes. The third coefticient. F,,. indicatine a deficiencv of heterozygotes'within
measures the effects of finite population size. Also local populations. The F, values are more het­
called the standardized variance ni allele frequency, eroceneous. but the averace value is hih

F,, is a measure of cenctic differentiation among (0.586). The calculated values of F,,were evalu­
localities. Since F,. isa v;,ance, onl.kpositive ,alues ated using a chi square test according to the
 
mav he ohiatned. Values of F,, ma\ ranee from ) to - qare odtth 
1. \ ilth lareer F,, values correspondin, to hieher levels following formula:
of eciettie differentiation. The three inhreedinL ctef- X2 = 2N F,,(k - 1).
ficients are related as follos s: (I-F,,) = (-Fj(I - F,,)

For each of these coefficients. corrections are made with degrees of freedom equal to (k 
- )fs - 1).for variation in the sizes of suhpopulatons. %% number of alleles for tie locushere k is the 

and s is the number of populations (Workman
and Niswander. 1970). All of the F,, values were 

RESULTS found to be significant.
 
The observed genetic distances (Table 5)
Three loci. Pgi. f1b. and Midh.2. were found to among the eastern populations of B.pfeifferi are


be monomorphic in all sampling localities. For extremelh small (D < 0.02). as is the distance
 
two additional loci. Mdh-l and Got-]. variants 
 between two of the western populations. Asawo 
were rare, occurring with frequencies less than Stream and Martin's Drain (D <(.001). The
 
5% in asingle locality each. The remaining loci calculated distances between the latter two
 
were polymorphic in one or more localities, for populations and the third western population.
 
an overall level of polymorphism of 80.0( The Kamayoga Stream, are comparatively large

percentage of polymorphic loci ranged from (D < 0.26). and distances between eastern and
 
zero Inone popula'ion (Kangonde Dam) to 40% western populations are intermediate
 
in Asawo Stream, with an average value of (D <0.10).
approximately 20%. 

Loci. mobilities and observed cenotypic fre­
quencies are presented in Table 1. Chi square DISCUSSION 
values for the fit of genotypic frequencies to 
Hardy-Weinberg expectations are presented in The level of detectable electrophoretic poly-
Table 2 for asubset of loci and populations. The morphism (80%) was higher than in three pre­chi square statistic isunreliable when expected vious studies of B. pfelfferi (Wium-Andersen.
frequencies are very low (Zar. 19S4). so the 1974: Doeba & Jelnes. 1985: Mimpfoundi et al..application of the chi square test was restricted 1986). This is probably attributable to larger
to cases where at least 2 homozvgotes or 4 numbers of individuals sampled per population.
heterozvgotes for the second allele were a larger number of sampling localities. and a 
observcd. In 6of 7cases, the oberved uenotvpic larger study area. The level of polvmorphism
frequencies deviate substantially from I lardy- observed was also higher than in other speciesWeinberg expectations, in each case because and stocks of Biontphalaria previously examined 
of a deficiency of heterozygotes. !n the single (Mulvey & Vrijenhoek, 1981a.b, 1992; Graven, 



Table 1. Genotypic frequencies for polymorphic loci for 12 po Iations of Biomphalaria pfeifferi. Onlygenotypes observed in one or more populations are listed. P ,,ulation numbers: (1) Matingani Seepage;
(2)Muthamo Seepage; (3) Mbondoni Dam; (4)Kangond Dam; 151Mwea East; (6) Mwea West; (7)Grogan Canal; (81 Kwahoma Stream; (9)Asawo Stream; (10) Mariin's Drain; (11) Kamayoga Stream;(121 Onsando Dam, Mobilities are expressed relative to the mobilities of ;jlleles observed in the M-linestock of Biomphalaria glabrata, which are designated as 100. Three alleles were observed too rarely
for accurate measurement of mobilities. 

Locus 1 2 3 4 5 
Population

6 7 8 9 10 11 12 

Acn. 7 
107/107 
107,,98 
98/98 

1.00 

(N) 28 

1.00 

21 

1.00 

13 

1.00 

5 

1.00 

48 

1.00 

31 

1.00 

38 

1.00 

24 

0.24 
0.76 
17 

1.00 

18 

- -

Acn.2 
196/196 0.05 
196, <140 
196/140 0.95 1.00 1.00 1.00 1.00 

0.19 
0.81 1.00 1.00 1.00 - - -

(N) 21 18 4 2 12 16 2 3 16 
Akp
100/100 
100,42 
42,432 

097 
0.03 

0.95 
0.05 

1.00 1.00 1.00 1.00 1.00 1.00 0.13 

0.87 

0.15 

0.85 

1.00 0.85 
0.07 
0.08 

(N) 29 21 2r 8 51 16 50 34 31 27 7 13 
Est-2 
200"200 
200 100 
100,100 

(N) 

0.97 

0.03 
34 

0.87 
0.06 
0.07 
15 

1.00 

21 

1.00 

10 

0.90 
0.07 
0.03 
40 

1.00 

36 

1.00 

37 

1.00 

32 

0.94 
0.03 
0.03 
31 

1.00 

26 
1.00 
13 

1.00 

35 
Got-1 
240,240 
100/100 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 
0.04 

1.00 

(N) 32 18 25 11 37 41 48 33 27 19 22 32 
Gpd
100,100 
100,< 100 
<100,1<100 

1.00 1.00 1.00 - 1.00 1.00 1.00 1.00 1.00 0.86 
0.07 
0.07 

-- 1.000 

(N) 8 20 13 42 11 34 23 20 14 10 
Idh 

1"' 31 
131/123 

1.00 0.61 0.94 1.00 0.88 0.94 
0.03 

0.98 1.00 1.00 3.96 1.00 0.67 

131/<123 
123/123 0.39 0.06 0.12 

0.03 
0.02 0.04 0.33 

Mdh. 7 
(N) 36 18 17 7 50 36 48 31 18 24 7 9 

1001,100 
<100/<10 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.96 
0.04 

1.00 0.67 
0.33 

(N) 48 29 23 10 57 29 58 34 49 27 23 31 
Nsp 
129/129 
129122 
122/122 
100/100 
100/88 

1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
0.02 
0.96 
0.02 

0.89 
0.07 
0.04 

0.04 

0.962 1.000 

Pep-2 
100/94 
94.'94 
94'79 
79,79 

(N) 46 

0.90 
0.10 

27 

1.00 

25 

1.00 

12 

1.00 

54 

1.00 

31 

1.00 

49 

1.00 

35 

1.00 

49 

0.02 
0.98 

27 

1.00 

26 

0.25 
0.25 
0.05 

33 

1.00 

(N) 39 26 31 8 38 39 49 34 8 13 4 7 



Table 1. 

Population
Locus 1 2 3 4 5 6 7 8 9 10 11 12 

Pgd 
175,157 0.09 
157!157 
157 79 

0.87 1.00 1.00 1.00 1.00 0.94 1.00 1.00 0.84 
0.08 

0.92 
0.08 

1.00 1.00 

79,79 0.04 0.06 0.08 
(N) 23 12 21 37 36 29 14 12 13 15 14 

Pgm. 7 
175 175 AA 0.91 1.00 1.00 1.00 1.00 1.00 0.56 1.00 0.40 1.00 1.00 
175/100 AB 0.33 
100/100 9B 0.09 0.11 0.60 

(N) 11 26 4 - 53 10 29 9 23 5 12 36 

19S4: \Voodruff et al.. 19S5: Mulvey etal.. 198S) random mating. Other loci support this con­
but isnonetheless typical for molluscs ingeneral clusion also. but were not included in the table 
(Selander & Ochman. 193). because of low expected frequencies. However, 

Mlarked deviations from expected genotvpic if deviations from Hardv-Weinberg predictions
frequencies under Hardv-Weinherg equilibrium were due to the problems in the chi square 
were ob,;erved in 6 of the 7 cases appropriate analysis alone, it would follow that the dis­
for ev:luation. In all 6 cases a deficiencv of crepancies would be randomly distributed 
heterozygotes was observed. sugeesting non- between heterozygote excess and heterozygote 

Table 2. Chi square analysis. 

Observed and
Population Locus Expected Frequencies Chi square P-value 
Matingani 	 Pop.2 

94/94 3F 35.08) 0.084 0.771 
94/79 4 (3.84) 
79/79 0 (0.08) 

Muthamo 	 Idh 
131/131 11 (6.60) 19.179 0.000 
131/123 0 (8.80) 
123/123 7 (2.60) 

Mwea East 	 Idh 
131/131 44 (38.67) 54.069 0.000 
131/123 0 (10.671 
123/123 6 (0.67) 

Mwea West Acn-2 
107/107 3 (0.48) 18.720 0.000 
107/98 0 (5.03) 
98/98 13 (10.48) 

Asawo Stream Arn.2 
107/107 4 (0.85) 19.017 0.000 
107/98 0 (6.30) 
SB/98 13 (9.05) 
dikp 
100/100 4 (0.46) 34.933 0.000
 
100/42 0 (7.08)
 
J2/42 27 (23.46)
 

Martin's Drain 	 Akp 
100/100 4 (0.53) 30.375 0.000 
100/42 0 (6.94) 
42/42 23 (19.53) 



_________________________________ 

Table 3. Fixation Indices. 

Population 

Matingani Seepage 
Muthamo Seepage 
Mba' doni Dam 
KangoncE)am 
Mwea East 
Mwea West 
Grogan Canal 
Kwahoma Stream 
Asawo Stream 
Martin's Drain 
Kamayoga Stream 
Onsando Dam 

Mean Heterozygosity
 
Observed (Expected) 


0.01 (0.02) 
0.01 (0.07) 
0.00 (0.01) 
0.00 (0.00) 
0.01 (0.03) 
0.01 (0.01) 
0.00 (0.00) 
0.00 (0.00) 
0.01 (0.04) 
0.00 (0.05) 
0.03 (0.08) 
0.01 (0.07) 

Fixation 

0.26 
0.85 
1.00 
1.00 
0.79 
0.00 
1.00 
1.00 
0.83 
0.93 
0.68 
0.88 

and nn.
expectations may be real. 

Table 4. Summary of F-Statistics of all loci. All chi 
random mating.

of F,. are significant at p < 0.001. sauares llich positive alues of F,. indicate a d.2tizi.nc. 

F, F,, N XC of heterozyotes across the region. These value' 
Locus F,, 

are much higher than those obtained in '1:1 
.i\n,'.
307 933.28 earlier study of B. elahaia fllvev & %,c

Ako 0.791 0.950 0.760 
1982). The delicicncy 	 of hter,',:',0.799 330 527.34 hock.Est-2 " 0.610 0.922 

across localities is probably partly atilu:.': 
281.500.042 345 5796

Got-i 1.000 1.000 0.222 3170.9690.961 	 )Thc ,,h
Idh 	 deficiency within localities. Ilich 
418 33.44 ,o a 

Mdh-1 1.000 1.000 0.040 	
F,, indicate a deficienc. ol 

0.061 414 151.52 values of 
0.828 0.839Nsp 	 crozycotes within localities. The hich \aluc,

336 1102.75Pep-2 0.364 0.712 0.547 	
F,, is also indicative of non-random maim Ih: 

F,. values sugoest strong genetic difierentati'.::
 
Average 0.780 0.909 0.589 


among subpopulations. Indeed. the moi pte\.I­

lent allele shifts among localities for sonicw., 

Both non-random mating and population sul. 
t'!
"l,¢i\ 


cases of het- division are needeJ to explain the hi2h 
deficiency. The absence of any 

in coin- F,, observed.the 6 casesotc excess amonceroz\ 	 a variet\ ofPulmonate pastropod exhibit 
bination with ,hepreponderance of cases of the 

to obli­
absence of heterozyCpotes & cicmnan.evident in Table 2 	 breeding systems, from obliate seltin. 

gate outcrossine (see Selander 
deviations from Hardy-Weinberrsuggests that 

Table 5. Matrix of Nei's genetic distances. 

stern from 

1 Matingani 
2 Muthamo 
3 Mbondoni 
4 Kangoo p 
5 Mwea East 
6 Mwea West 
7 Grogan 
8 Kwahoma 
9 Asawo 

10 Martin's Drain 
11 Kamayoga 
12 On.ando 

8 9 10 116 74 51 2 3 

0.016 
0.001 0.012 
0.000 0.016 0.000 
0.002 0.008 0.001 0.002 

0.000 0.015 0.000 0.000 0.001 
.
0.001 0.0000.000 0.015 0.000 0.000 

0.000 0.000
0.000 0.016 0.000 0.000 0.002 

0.0810.084 0.081 0.0810.082 0.0810.078 0.097 0.0010.078 0.081 0.079 0.079 0.078 
0.077 0.092 0.079 	 0.245 0.2590.156 0.1560.146 0.1560.157 0.1560.143 0.158 	 01730.012 0.075 0.0700.011 0.0110.009 0.012 0.0060.013 0.002 

http:d.2tizi.nc


1983). Populations of the land snail Rumina 
decollata (Selander Ct al.. 1973: Selander & 
Kaufman. 1973: Selander & Hudson. 1976) and 
some arionid and limacid slugs (Foltz et a.. 
19S2: Foltz etal.. 1984) are knowr, to consist of 
a number of monotypic clones, with or without 
the potential to interbreed. klembers ot,enus 
Bionmphalariaare generally assumed to A self-
compatible hermaphrodites. Despite the capa-
city for selfing, however, populations of B. gla-
braia. B. ohsiructa. B. stranzinea. and B. 
alexandrma all appear to be primarily out-
crossim (Paraense. 1956; .Mukev& Vriien-
hock. 19S1a. 1982: Graven. 1984: Woodru i et 
al.. 1985). A previous stud'v of West African 
B. p t'eifferi little nopopulations reported or 
variation witnin populationsoramongveryclose 
localities, but considerable variation among 
distant localities (.Mimpfoundi eial.. 1986). 
These authors interpret their data as indicating 
a higher reliance on selfin, in this species. 
Nlimpfoundi and coworkers (1980) did not con-
sider the role of genetic drift in explaining low 
ob:erved levels of renetic variation. Our results 
confirm those of ,Miniptoundi et al..(19S6) and 
provide stronger evidence of both genetic drift 
and non-random mating, most probabi. selfin,,. 
Clearly, additional research on the matine 
bzlhaviour of B. pfe'ff'ri is warranted in order 
to determine the degree to which this species is 
reliant on selfing. 

The calculated F,,values suggest that there is 
little cene flow among the localities studied. The 
migration frequency that would be needed to 
obtain such differentiation among populations 
can be estimated as follows: 

I 

4N, m + I 

where N is the effective population size. and 
m is the migration frequency per generation
(Cavalli-Sforza & Bodmer. 1971). These two 
terms are difficult to estimate independently,
but their product. N'n. can be interpreted as the 
effective number of migrants per generation. 
This estimate assumes demographic stability, 
genetic equilibrium, random dispersal. and 
adaptive neutrality, ano so isperhaps unrealistic 
as an estimate of gene flow, but it can none-
theless serve to allow us to compare our findings 
witl, other studies. When the average value of 
F,is ,'sed. Nm equals (1.176. which isequivalent 
to oix.e migrant every 5 to 6 generations. This 
estimation of migration frequencv ismuch kcer 
than that reported for B. glabrata in Puerto 
Rico (Mulvey & Vrijenhoek. 1982). a species
of similar vagilitv and habitat preference. The 

much lower estimate of migration frequency 
obtained in our study can probably he attributed 
tothclargergeographicscale ofour sludy (about 
500 km bctween most distant localities as com­
pared with 40 km for the Puerto Rican study of 
Mulvey & Vrijenhoek (1982)). 

Geographic patterns are evident in the vari­
ation among sampling localities. Genetic dis­
tances among the sampling localities are ',ell 
within the range described for local populations 
within aspecies in Drosonhila (D < 0.23: Ayala, 
1983). Considerable caution should be used in 
interpreting results of genetic distance analyses 
when small numbers of loci are used. as asingle 
locus may drive the analysis (Wright. 1978). The 
genetic distances should therefore be viewed as 
an indication of the degree of resemblance of 
these populations across the 10 loci. and not as 
an indication of relationship. 

All of the eastern samples are extremely simi­
lar. Two of three western samples also closely 
resemble each other. The third western locality, 
Kama*oi a Stream. is comparatively divergent 
from the other western samples as well as from 
the eastern samples. Sample sizes for this last 
locality are unfortunately extremely small for 
sonic I, :i (N = ..--20). Thus, some of the appar­
ent dif erentiation of this sample may be an 
artifac. of small sample size. However, it should 
be noked that Kamayoga Stream is located on 
Rusiriga Island in Lake Victoria. and may be 
somewhat isolated from other western localities. 
These snails were a little larger and flatter than 
the other two western samples, resembling the 
eastern samples more closely. so the dif­
f,:.ntiation could perha,,,,,e real. Mandahl-
Barth (195S) describe the east two subspecies
 
of B. pfeifferi from Kenya on the basis of con­
chological variation. In addition, two other
 
species of Bionmphalaria, B. choanornnlaa and
 
B. sudanica inhabit Lake Victoria and adj'icent 
swamps, respectively. All of the East African 
species and subspecies of Biomphalaria are 
defined on the basis of conchological char­
actertistics. and although the organisms 
included in this study fall within the range of 
morphological variation described for B. pfeif­
feri. the possibility remains that corichological 
features may be a poor indicator of genetic
relationship. Further investigation of this possi­
bilitv is clearly warranted. 

Although we did not examine snails for evi­
dence of infection with S. mansoni. our col­
lecting sites were located in areas in which 
schistosome transmssion is known to occur. 
What itnplications might the population struc­
ture of B. pftfferi have for the transmission of 



S. monwoni? Susceptibility to schistosome infec-
tlion Is Linder gcenetic control. althouti the mech-
animn and the number of loci involved remain 
unknown (Richards. 1976). Based on their 
observations of population structure inB. gla-
braw in Puerto Rico. Miulvey & Vrijenhoek 
(1982) concluded that genetic drift might explain
the patchy distribution of susceptibility to S. 
manson infection in B. glabraa. In B. Pfriffcri 
we have observed evidence of both penetic dtift 
and non-random mating, most probably attribu-
table to low vagilitv and self-fertilization, 
respectiel\. Non-random mating does not 
result in a reduction in the number of allefes 
present, but rather in a reduction in the number 
of penotvpes represented. As a result of the 
reduction in the number of genotypes inbred 
populations can respond more rapidly to selhc-
lion than outcrossed populations. Together.
cenetic drilt and non-random matin,, act to pro-
duce highly localized gene combina:tons. as we 
are reporting for B. pje iffcri. The production of 
highl. localized gene combinations rnav extend 
to all traits under genetic control, includJing sus-
ceptibihitv to schistosome infection. Clearly,. the-tif . toccurrence of both genetic drift and non-random 
ma.tin could complicate the intrapopulation 
and interpopulation patterns of susceptibility.
Studies of the susceptibility of 13.pfcifferi
(Basch. 1976 and references therein: Frandsen, 
1979) have compared populations from very 
difterent areas (e.g. East %s. West or South 
Africa). and have concluded that this species 
exhibits a more uniform level of susceptibility
to schistosome infection than do other specie

investicated. However. tilegeographic scale of 

these studies was very broad, and additional 

studies on a smaller biogeographic scale are 

needed to assess the variation in susceptibiltv of 

B. pfeifferi to S. rnansoni and its relattonship to 

the population structure of tile
molluscan host. 
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