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The Snail Hosts of Schistosomiasis: Some Evolutionary and
Ecological Perspectives in Relation to Control

JD Thomas

school of Brelogical Sciences. Umversity of Sussex. Falmer, Brighton, BN1 9QG. UK

Despite opportunities for radiation provided by spatio-temporal isolation, the basic morphological
plan of pulmonate snails has remained conservative. In consequence of the resulting dearth of morpho-
logical characters and their plasticity, there is a case Jor using biochemical characters such as exog-
enous chemicals released by the snails (e.g. amino acids) and their chemoreception niche as taxonomic
aids to classify snails of medical importance. As these same chemicals ave used bv snails to distinguish
conspecifics they could also be used as “environmental antibodies™ in controlled release Jormulations
(CRFE'S) designed to remove target snails in a specific, cost-effective and ecologically acceptable man-
ner.

The snails, surface-living bacteria, algae and macrophvtic plants are considered as co-evolved,
interactive modular systems with strong mutualistic elements. Recently, anthropogenic perturbations
such as deforestation, and damming of flowing waters, have benefited these modules whereas others
such as river canalization, acid deposition, accumulation of pesticide residues and eutrophication have
harmed them. Research is needed to elucidate the factors which limit the growth of snails in primitive
habitats, uninfluenced by man, as well as in those subject to harmpful anthropogenic factors. The

understanding thus gained could he applied 1o develop cost-effective primary health care strategies to

reduce or prevent transmission of schistosomiasis and other water related diseases.

The gastropod molluscs, which first ap-
pearcd 1n the fossil records in the late Cambrian
or Ordovician periods (500 - 600 million vears
ago), were sediment dwelling organisms with
radulac which were beautifully adapted for rak-
ing the highly productive epilithon or ‘auf-
wuchs™ on the sediment surface of the shallow:
cutrophic, near-shore waters (McMahon et al.
1974, Russell-Hunter 1978). Representatives of
the super-ordcr Pulmonata. to which the snail
hosts of schistosomiasis in South America and
Africa belong, first appeared in the Dcvonian
period (Morton 1955). According to Ellis
(1926), Morton (1955), McMahon (1983). the
cvolutionary history of the pulmonate linc was
characterized by continual invasion of succes-
sively higher and more aerial levels of estuar-
ies and intertidal shores. a modc of life which
eventually led to a totally terrestrial air-breath-
ing and reproductive schesis. The freshwater
pulmonates which evolved from these terrestrial
ancestors and began to invade freshwaters in
the Jurassic period (180 million years ago) were
even then represented by families and genera
which arc assignable to those occupied by
present day freshwater pulmonates (McMahon
1983). It appears, thereforc, that the pulmo-
nate snails have been remarkably conservative
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with regard to their basic morphological plan
despite the opportunitics for radiation offered
by spatio-tcmporal isolation provided by the dis-
crete naturce of water bodies and the separation
of land masses rcsulting from continental drift.
Thus. despite the fact that the land masses which
constitute South America and Africa to-day be-
gan to move apart during the Jurassic period,
many of the extant pulmonate snail faunas of
the two continents share the same familics and
generic names. One interesting exception is the
sub-family Bulininae which is restricted to Af-
rica.

In consequence of their medical and veterinary
importance as hosts of trematode parasites, the
taxonomy of pulmonate snails has been thoroughly
investigated, both in Africa (Mandahl Barth 1958,
Brown 1980) and in South America (Barbosa ct
al. 1968) using classical taxonomic methods, based
on visual. morphological characters. Unfortu-
nately, some of the morphological characters, par-
ticularly thosc related to the shell, have limited
value as their expression can be influenced by en-
vironmental factors (Brown 1980. Madsen 1984.
Picri & Thomas 1992). There is, therefore, a gen-
eral consensus among molluscan taxonomists that
there is a need to re-evaluate existing taxonomies
using as wide a range of characters as possible,
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including those of a cytological and biochemical
naturc. To date. atiention has been focussed
mainly on specific gene products such as cndog-
cnous 1socnzymes using electrophoretic and im-
munological methods (Brown 1980), Ultimately,
of course, 1t is hoped that the usc of DN A sequenc-
ing techmques will provide the definitive answers
although many technical difficultics rcmain to be
overcome.

Unfortunately. the possibility of using exog-
enous biochemucal factors of snail origin as taxo-
nomic characters sccms to have been largely 1g-
nored. This is surprising when it is considered

arc very sirmlar whereas both of these species have
short-chain carboxylic and chemoreception niches
which are very difficrent from that of B. pfeifferi,
an African specics (Thomas et al. 1983, Fig. 2).
Thesc biochenucal differences between the Afri-
can and South American pulmonates are not sur-
prising when 1t 1s considered that they have been
geographicatly separated since the Jurassic or Cre-
taceous period.

The hypothesis that snail genotypes might be
distinguished on the basis of their exogenous bio-
chemical milieu and chemorcceptors is worthy of
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that pulmonate snails use the chemical scnisc as SRR -
the major modality and i1dentify their conspecif-
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ics. for mating purposcs. on the basis of chemical
information provided by specific chemicals, or
medleys of chemicals. of snail origin which act as
phcromones (Thomas 1982). It follows, therefore.
that exogenous chemicals of snail origin should
havc a great deal of information to the taxono-
mist as well as 1o snails. Some support for this
hypothesis 1s provided by observations that pul-
monatc snails follow mucus {rails dceposited by
their conspecifics to a significantly greater extent
than those deposited by other species (Bousficld
et al. 1981). Wright (1964) has also shown that
different genetic races of Lymnaea peregra could
be distinguished on the basis of unidentified fluo-
rescent substances in their mucus. Subscquent
technological developments, such as High Perfor-
mance Liquid Chromatography (HPLC). have
made 1t possible to identify specific exogenous
organic chemaicals released by the snails. By us-
ing HPL.C and cluster analysis, it has been shown
recently that various species of African and Ameri-
can pulmonates. including thosc that scrve as hosts
of schistosomiasis, can be characterized on the
basis of thc amino-acid medleys released by them
under standard conditions (Fig. 1, Thomas &
Faton 1993). This result i1s not surprising as it is
to be expected that therr protein metabolism. which
determunes the amino-acid releasc pattern of par-
ticular snail species, will have some unique. ge-
netically determined features. In this connection
1t 15 of interest that cluster analysis of amino-acid
pattcrns reveals a high degree of similarity be-
tween the South American genotypes investigated
(albino B. glabrata. melanic B. glabrata and B.
tenagophila) whereas, 1n contrast, the South
Amerncan and Atrican specics investigated werg
very dissimilar. This divergence between the South
American and African species in their amino-acid
medleys mirrors that found when their short-chain
carboxylic acid chemoreception niches were com-
parcd. Thus the short-chain carboxylic and che-
morcception niches of B. glabrata and B. stra-
minea. another South American pulmonate snail,

BIDMPHALARIA PFEIFFER]

r

. PR
)
-

- B L A B L
Lrh

i

Fig. 1: dendrogram showing result of cluster analysis based on
welght specific rates of accumulation of amine acids and related
compounds by e¢ight pulmonate snail genotypes. B.t =
Biomphalaria tenagophila (Orbigny), B.g.a. = Biomphalaria
glabrata (Say), albino variety: B.g.m. = Biomphalaria glabrata
(Say), melane vanety, B.p.b. - Biomphaiaria pfeifferi (Krauss),
biack foot strain: B.p.r. - Biomphalaria pfeifferi (Krauss), red
foot stramn; H.d. - Helosoma duryi (Wetherby); Pm. =

Planorbarius metidiensis (Forbes). B.A - Biomphalaria
alexandrina (Ehrenberg).
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Fig. 2: the effectiveness of various short chain carboxylic acids
on attractants. arrestants and repellents to Biomphalaria glabrata
(melanic form), B. straminea and B. pfeifferi as measured in ol-
factometers (*, **, *** P<(.05. <0.01 and <0.001 respectively).
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further investigation, not only for taxonomic rea-
sons but also because the information which would
be gained from such research has application in
the design of controlled release formulations
(CRF’s). This concept. which has been described
by Thomas ctal. (1980), involves using ingestible
microcapsules (62 - 125uM in diameter) capable
of relcasing specics-specific attractants. arrestants
and phagostimulants cxternally in the snail’s en-
vironment and a toxicant in the gut of the snail
following tngestion (Fig. 3). Attractants. such as
propanoate or butanoate, and phagostimulants.
such as maltosec, have proved very eflicacious when
incorporated into protein microcapsules and tested
undcr laboratory conditions. Such microcapsules,
containing a natural product such as saponin from
the Soap-Berry plant (Phvtolacca dodecandra) or
the Alligator weed (Alternanthera sessilis)y (Lema
ct al. 1984, Thomas 1987) could conceivably be
used to remove target snails in an ccologically ac-
ceptable and cost-effective manner. With the tech-
nology currently available these microcapsular
CRF’s. or environmental "antibodics™ as they
nmiught be described. could be developed at relati-
vely little cost. In contrast. research aimed at pro-
ducing vaccines against the adult schistosomes has
proved (o be very costly and unproductive due to
the scrious problems associated with the develop-
ment of vaccines. These stem from the fact that
many people, particularly children, ar¢ highly sus-
cepuble to re-infection aficr chemotherapeutic cure
(Dunne ct al. 1987). As there appcars to be no
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Fig. 3. diagrammatic representation of the three and four com-

ponent modules.

long-term acquired immunity to the parasites. at
feast 1n children, immunologists will have to im-
prove on what naturc has been unable to accom-
plish by natural sclection. This is clearly a diffi-
cult task as the parasites. which have cvolved in
the host’s immunc system, have developed many
sophisticated strategies to inactivate and even make
usc of the host’s immunc mechanisms to enhance
their survival (Dunne ct al. 1987).

PULMONATE SNAILS: CO-EVOLUTION AND
BIOENGINEERING APPROACHES TO SNAIL
CONTROL

Freshwater pulmonate snails, which evolved
from tcrrestrial ancestors, are represented to-day
by a continuum commencing with amphibious spe-
c1cs hiving 1n the ccotone between land and water
(c.g. Lvimnaea truncatula). through intermediately
adapted forms such as the Physidae to those which
arc morc committed to lifc in water {c.g. some spe-
cics of the Planorbidae). Although amphibious
snails such as /.. fruncatula are often strongly as-
sociated with particular species of cmergent mac-
rophytes, which act as bioindicators of their pres-
ence (Moens 1981) therc are no direct linkages.
[nstead the snails interact with epilithic algae and
bacteria living on the surface of the sediments. This
systcm, consisting of three intcractive components
and threc sub-sets, has been described as Module
Type 1 (Thomas 1990) (Fig. 4). In contrast. pul-
monate snails, which have become more commit-
ted to life 1n freshwaters, interact to a much greater
extent with species of macrophytes which have also
become fully aquatic, as well as their epiphytic al-
gac and bacteria, Such a system. thercfore, has
four components and six sub-scts and has been
described as Module Type 2 (Thomas 1990) (Fig.
4). It 1s likely that the associations described in
Module Tvpe 2 first developed in the fate Jurassic
or Crctaceous period when both macrophytes
(Scagel et al. 1965) and pulmonate snails (Russell-
Huntcr 1978) were beginning to invade freshwa-
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Fig. 4:  diagrammatic representation of the concept of controtled
release formulations (CRF’s).
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tcrs from the land. As was the casc with the pul-
monate snails certain of the aquatic angiosperm
taxa became highly adapted morphologically for
their new habitat by the Cretaccous and many
modcern families and even genera were recogniz-
able 1n the fossit records for this penod (Scagel et
al. 1963).

Analysis of all the sub-sets in Modules Type |
and 2 reveal evidence of muitualistic elements
which result in benefits to the interacting compo-
nents. The Module Type 2 concept has been tested
by relerence to the following hypothesis and propo-
s1t10ns:

The associations between components of the
module including pulmonate snails and macro-
phvtes should be strong and persisteni - 1n sca-
sonally drying habitats 1t has been shown that (he
pulmonate snail hosts of schistosomiasis are often
significantly associated with cmergent. amphibi-
ous plants such as species of Commelina. Paspa-
tum, Acroceras, Alternanthera, Cyperuys., Glveeria
and Juncus (Ndifon 1979 Mocns 1981, Pieri 1985.
Picrn & Thomas 1987, Ndifon & Ukoli 1989). In
such habitats the snatls tend to function as compo-
nents of Module Type 1 and may cven emigrate
from walcr in response to a fall in temperature
which acts as a predictive signal for the dry scason
(Picr1 & Thomas 1992). In more permancnt walcr
bodies, including those resulting from man’s ac-
tivitics (e.g. irrigation systems, man-madc lakes)
the snails such as Biomphalaria or Bulinus are
commonly found living on the surfaces of special-
1zed aquatic plants with submersed or floating
leaves, such as Potomogeton crispus, Fichornia
crassipes, Nymphaea lotus, Ceratophviium
demersum and Lemna paucicosiata (Dazo et al,
1966, Thomas & Tait 1984, Paperna 1969, Qdci
1973, Ndifon 1979, Lodge 1985, 1986). These
linkages tend (o be stronger when both plants and
snatls are highly committed to a fully aquatic ¢x-
istence (¢.g. Ceratophylium demersum and Bulinus
Jorskaliy (Papcrna 1969, Odei 1973).

The more vulnerable elements in the modular
system will have evolved sophisticated mechanisms
lo minimize exploitation by potential grazers - This
hypothesis is supported by obscrvations that aquatic
pulmonate snails feed almost cntirely on senescent
macrophyte tissue (detritus) and epiphytic algae
rather than on living macrophyte tissue (Boycott
1936, Reavell 1980, Thomas et al. 1985, Under-
wood 1989). There is also evidence that some spe-
cics of epiphytic aigae have evolved strategies to
resist ingestion and digestion by snails and, as a
result, may benefit from the presence of snails
(Thomas 1990, Underwood & Thomas 1990).

Growth, reproduction and longevity of inter-
active components in the module should be en-
nanced by co-existence - This hypothesis also re-

ceives support from empirical evidence. Thus. the
growth. sexual reproduction and survival of the
specialized submersed aquatic macrophyte.
Ceratophylium demersum. arc significantly en-
hanced by the presence of pulmonate snails
(Bronmark 1985, 1989, Underwood 1989, 1991,
Thomas 1990). The converse proposition. namely
that snails benefit from the prescnce of plants. is
also supported by cxperimental evidence (Pimentel
& White 1939a. b, Van Schavck 1985, 1986.
Daldorph & Thomas in press).

These obscrvations raise another important
question: as the pulmonate snails ingest very little
[1ving macrophyte tissuc and most of the algae and
bacteria which arc ingested also remain viable. how
do the snails satisfy their nutritional requircments’?
Evidence presented by Thomas (1990) indicate that
Lthe snatis derive somie of their energy by taking up
pholoassimilatcs released by hiving plants. How-
cver, 1t scems likely that short chain carboxvlic
acids (C, - () may constitutc on¢ of the major
componcnts of their diet. These are released by
anoxic cores within decaving organisms (Patience
ct al. 1983, Sterry ¢t al. 1983) and may be accu-
mulated cither transintcgumentally or orally, to-
gether with detritus. by the snails (Thomas et al.
1984, 1990, Thomas 1990Y.  As these acids, and
also sugars, released as photoassimilates by plants
scrve as attractants they can be incorporated into
CRF’s designed to remove target snails selectively
(F1g.3).

THE INFLUENCE OF MAN ON SNAIL
HABITATS

Perturbations which have been favourable to
the snails - Before (he exponential increases in the
population densities of modern man (ffomo sapi-
ens sapiens) began it 1s likely that the availability
ol habitats for aquatic macrophytes. surface living
algac and pulmonatc snails would have been
greatly reduced by light attenuation caused by high
riparian forests (Fig. 5). Such primitive habitats
still exist in the National Parks in Minas-Gerais,
Brazial (Frcitas 1976). As the pulmonalte snails have
cvolved 1n these “pnmitive”™ habitats for more than
a hundred million years it would be expected, on
the basis of conventional ecological knowledge,
that their numbers would have been regulated at
low levels by pathogens and predators. Accord-
ing to Pimentel and White (1959b) and Freitas
(1976) the laticr include small rodents which are
well represented both in terms of species and num-
bers in high forests.

The expansion 1n human population densities
has been accompanied by many anthropogenic
manipulations which have benefitted aquatic mac-
rophytes and pulmonate snails. In the developing
countries these included deforestation, the forma-
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F1g. 5: diagrammatic representation of the beneficial effects which
treshwater macrophytes and snails have derived from man’s ac-
tivities.

tion of man-made lakes and ponds, small scale
damming of strcams and the provision of waler
supplies without accompanying drainage in urban
areas (Fig. 5). Typically lotic habitats in thesc ar-
cas can be divided into three distinct zones: (i)
Springs and marshy areas in the headwater zone
where the snail populations exhibit stable or ‘K’
characteristics (Picri 1983); (11) More erosive lotic
habitats where the gradicnts are steeper. Here the
snatl populations show ‘r’ characteristics, the den-
sities being high in deeper. isolated pools in the
dry season and very low during the wet scason (Fig.
3); (111) More low-lying areas, with less steep gra-
dienis, where the streams have substantial amounts
of depositing scdiments and are often dammed by
the construction of small weirs. In such habitats
the snail populations may often exhibit ‘K’ char-
acteristics. The construction of small ponds or lakes
gcncerally results in conditions which arc ideal for
aquatic macrophyies and molluscs, particularly if
they are subject to low or moderate levels of nutri-
ent loading.

Further research to identify the factors whi-
ch disadvantagc the snails in primitive habitats
dominated by high forests and also in erosive
strcam habitats 1s clearly necded as the results could
have application in the development of snail con-
trol strategics. The effects of shading by trees could
be 1nvestigated experimentally by using opaque
polythene shecting. Recent studies using such
material have shown that the resulting changes are
indeed detrimental to many pulmonate snail spe-
cies (Thomas & Daldorph 1991). The classical
approach of identifying the predators or pathogens
which serve as biocontrol agents in the primitive
or original habitats, and then introducing them in
new habitats wherc a prey species has reached epi-
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? demic or pest proportions has been used success-

fully on many occasions by agricultural entomolo-
gists. A similar approach by malacologists might
wcll prove to be cost-effective.

The significant ncgative relationships between
snail densities and both water velocity and slope is
well documented (Harry & Cumbie 1956, Pimentel
& White 1959a, Scorza ct al. 1961, Etges & Frick
1966) although the causative mechanisms remain
to be elucidated. Dislodgement by fast currents is
clearly a factor and Jobin and Ippen (1964) have
shown that B. glabrata was dislodged from a sand-
siit substrate when the current exceeded 30cm
sec’!. It is also tacitly assumed that the clays or
fine silt. brought into suspension by fast currents.,
are detnimental because of their mechanical cf-
fects. Howcever, recent investigations have shown
that certain kinds of colloidal ¢lay may be harmful
to snails as they adsorb heavy metals, such as cop-
per, 1n a base rich exiernal environment but then
shed the metal as the toxic Cu” ion when the clay
partcles entcr the more acidic environment in close
proximity 1o the snail’s epithelium (Al-Sabri et al.
1993).

Other possible harmful effects that may be
caused by high flows include reduction in the avail-
ability of food items such as detritus, DOM and
surfacc algae and the dilution of a growth promot-
Ing factor shown to be relcased by snails such as
3. glabrata (Thomas ct al. 1975a.b).

As the snail populations in the more crosive
strcam habitats tend to be derived by seeding from
‘K’ populations in thc headwater swamp areas, it
1s ¢cssential that measures directed at snail control
should include the upstream refugia.

ANTHROPOGENIC PERTURBATIONS LIKELY
TO HAVE DETRIMENTAL EFFECTS ON
FRESHWATER PULMONATE SNAILS

Freshwatcr ccologists in the industrialized
world arc becoming increasingly concerned about
the progressive decline in the biodiversity of fresh-
water communities. In some cascs the changes
have been very dramatic with weed-bed commu-
nities being replaced by phytoplankton (Moss
1983). Some of the mcchanisms which may have
been responsible for this decline in biodiversity in
general, and the loss of the pulmonate snail fauna
1n particular, are discussed below.

Canalization of rivers - This measure, which
stems from pressure to reduce flooding in times of
spate, 1s followed by a catastrophic decline in the
arca of depositing sediments and hence in the bio-
mass and diversity of aquatic macrophytes and in-
vertebrates, including pulmonate snails. In con-
trast, prosobranch molluscs. such as Potamopyrgus

Jenkinsi often flourish on eroding substrate in
streams and may reach very high population den-
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sities. It is possible, therefore, that nver canaliza-
tion has been a major factor 1n facilitating the re-
cent colonization of freshwaters by this hitherto
estuarine species. These prosobranch molluscs are
pre-adapted for existence on eroding substrates 1n
flowing water by virtue of their relatively heavy,
streamlined conical shell and parthenogenetic. vi-
viparous life history strategy. Their mouth parts
also allow them to exploit food items in the inter-
stices between the gravel as well as to graze on
epilithic algae on stone surfaces. As a resuit, proso-
branchs appear to have a competitive advantage
over pulmonate snails when the substrate is pre-
dominantly erosive in character, It 1s not surpris-
ing, therefore, that there are many reports of proso-
branch molluscs apparently displacing pulmonate
snails in freshwater bodics as far aficid as Europe
(Leger & Leger 1974) and Brown (1980) and St
Lucia (Jordan 1985). However, the question of
whether the disappearance of pulmonate snails 1s
due directly 1o interspecies competition by the
prosobranchs or to other concomitant detrimental

factors remains to be resolved. The latter may in-

clude the loss of macrophytes refugia with depos-
iting sediments and high concentrations of ubiq-
uitous pesticide residues. The question of whether
pulmonate snails are more susceptible to the latter
than prosobranch snails needs to be addressed.

Acid deposition - The vulnerabihity of pulmo-
nate molluscs, inhabiting water bodies with rela-
tively low base cation concentrations. to anthro-
pogenic acidification resulting from the burning
of fossil fuel has been well documented by Pkland
(1990). This author observed that pulmonate snails
disappear when the pH became less than 5.2, Al-
though the actual mechanisms responsible for the
demisc of the snails remain to be elucidated, 1t 18
likely that the increase in the concentration of the
toxic AP* ion, resulting from the clevation in H”
concentration, is the main proximate factor. How-
ever, a reduction in food availability for the snails
may be an important secondary factor as 1t is known
that the rate of decomposition of organic matter,
and hence the rate of formation of short-chain car-
boxylic acids, will be impaired by the increased
acidity (Chamier 1987, Palumbo et al. 1987).

Increase in salinity - Endorheic sait lakes,
formed by natural processes, were widespread be-
fore the advent of man on the evolutionary time
scale (Moss 1988). However, the process of sa-
lination has been greatly accelerated in recent times
by the expansion of irrigation practices which fa-
cilitate evaporative concentration of manerals.
This process is of considerable economic concern
because it has resulted in a significant decline in
agricultural production. Estimates of the magni-
tude of the problem vary but according to Flowers

et al. (1986) there are between 3.4 and 9.5 x 10°
km? of salt affected land. To date attention has
been focussed on the agricultural and economic
consequences of salination. Thesc can be extremely
serious and according to Jacobscn and Adams
(19358) the decline of the Sumeran civilization was
attributable to this phenomenon. It is to be ex-
pected that the increased levcls of salination will
also cause a reduction in the biodiversity of the
aquatic communities in the irrigated systems.
From the public health vicwpoint this could be
beneficial as the pulmonate snail hosts of schus-
tosomiasis are very intolerant to high salinities.
Thus, according to Pimentel and White (1959a)
B. glabrata in Puerto Rico does not occur 1in water
bodics with a salinity greater than 5 - 10% sea
water (=1000 - 2000 us). In the laboratory this
species was found to be tolerant to water with a
salinity of 20% sea water for a period of up to 35
days. Thesc tolerance values are in accord with
those for Bulinus bavayi (=1000 us) and Bulinus
liratus (1500 - 2100 us) in Madagascar (Degremont
1973, cited in Brown 1980). In contrast other pul-
monate snatils, such as Bulinus obtusispira, have a
much lower level of tolerance (< 600 us) whereas
the prosobranch Melanoides tuberculata has a very
wide tolerance range (200 - 20,000 ps). It is to be
cxpected, therefore, that AMelanoides, which has
an estuarine origin, would have a competitive ad-
vantage over the pulmonate snail hosts of
schistosomiasis in water bodies devoid of vegeta-
tion and subject to wide-ranging salinities.

Eutrophication and accumulation of pesticide
residues - Eutrophication, due to increased inputs
of nitrate and phosphates, 1s becoming an ever-
increasing problem in both industrialized and de-
veloping countries. It has been demonstrated that
this phenomenon can cause considerable changes
in the community structure of many water bodies.
In shallow. lentic water bodies eutrophication has
been followed by a replacement of macrophytes by
phytoplankton (Moss 1983, Daldorph & Thomas
1991) and a reduction in the numbers and diver-
sity of fish and invertebrates in general (Mason &
Bryant 1975, Moss 1983) and freshwater snails in
the temperate zone in particular (Daldorph & Tho-
mas 1991, Thomas & Daldorph 1994}). There 1s
also anecdotal evidence that tropical species of pul-
monate snails such as B. truncatus, the snail host
of S. haemotobium in Egypt and the Sudan may be
adversely affected by increasing levels of eutrophi-
cation although B. alexandrina may be benefited
(F Yussif & AA Daflola pers. comm.).

Pesticide and herbicide loading of water bod-
ies generally proceeds in parallel with nutricnt
loading in intensively farmed, irrigated arcas. It
is likely, therefore, that these will act synergisti-
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cally with the nutricnts to the detriment of the
macrophyte beds and the snail fauna. The ratio-
nale for this hypothesis is that the herbicides may
harm the macrophytcs directly while the pesticides
will harm not only the zooplankton, which con-
trol the phytoplankton, but also the snails which
benefit the macrophytes by grazing the epiphytes.
As a result, it would be predicied that a water sub-
ject to both nutrient and pesticide loading would
quickly become phyioplankton-dominant and de-
volid of macrophytes and snails. Evidence in sup-
port of this hypothesis is provided by experiments
recently carned out in the Lewes Brooks, UK
(Daldorph & Thomas in press).

In the temperate, industrialized countries. a
great deal of research effort 1s directed at evaluat-
ing measuges to reduce cutrophication and to re-
store aquatic habitats to their original state. How-
ever, as eutrophication may bring public health
benefits in the developing countries it is arguable
that control of water related diseases should take
precedence over conservation iSsucs.

[f this argument is accepted then so far as
eutrophication i1s concerned there is a case for
evaluating the efficacies of the following pertur-
bations with a view to excluding the snail hosts
and macrophytes 1n the sites of schistosomiasis
transmission: (1) The long term effects of increased
nutrient loading on the snail hosts of schis-
tosomuasis, macrophytcs, mosquito larvae and other
members of the aquatic community under experi-
mental conditions: (ii) Increased nutrient loading
in combination with molluscicide application. As
the relationship between snails and macrophytes
1s esscntially mutuahistic (Thomas 1990) it would
be predicated that the simultaneous application of
these two measurcs would accelerate the switch to
stable algal-dominated systems; (iii) Increasing the
density of zooplanktivorous fish to control the zoop-
lankton.

There are several other potential public hecalth
benefits from this approach. Firstly, phytoplank-
ton 1n the water bodics could be exploited cfficiently
by suitable specics of Tilapia thus providing people
with a valuable source of protein in arcas where
protein dietary dcficiency is commonplace. Sec-
ondly, the larvae of mosquitocs, which are involved
1n the transmission of a large number of water-
related diseases, including malaria in the adull
stage, arc particularly vulnerable to predation in
phytoplankton-dominated systems.

CONCLUSIONS

1. The basic morphology of freshwater pulmo-
nate snails has changed very little since they moved
mnto freshwater from the terrestrial environment
in the Jurassic despite opportunitics offered by
spatio-temporal isolation resulting from the dis-

crete nature of water bodtes and the separation of
major land masses. Although the land masses,
which constitute South America and Africa to-<day,
began 10 separate in the Jurassic their extant fresh-
watcr pulmonate snail faunas show close similari-
tics at family and generic levels.

2, The dearth of reliable morphological char-
acters and their environmental plasticity has
obliged molluscan taxonomists to usc endogenous
biochemical factors. produced by specific genes
such as isoenzymes, to resolve taxonomic prob-
lems. It 1s argued that this search for taxonomic
characters should be extended to the active space
surrounding pulmonate snails as this contains spe-
cific biochemical factors which are used by the
snails to identify their conspecifics. Support for
this suggestion 1s gitven by the observations that
South American pulmonate snails can be discrimi-
nated from their congeneric African specics on the
basis of their amino acid medleys and short chain
carboxylic acid chemoreception niches.

3. The 1dentification of the biochemical fac-
tors 1n the active space of the snails could also be
beneficial from the applied viewpoint. Thus, fac-
tors that serve as attractants and arrestants could
be incorporated 1nto environmgental “antibodies’ in
the form of controlled release microcapsules de-
signed to remove target snails in a species-specific,
ecologically acceptable and cost-cifective manner.

4. Aquatic angiosperms and pulmonate snails
have co-evolved as they both invaded freshwater
habitats in the Jurassic. The snails, the macro-
phytes and their epiphytic algac and bacteria may
constitutc a four component, six sub-set modular
system. Analyses of all the sub-scts reveal evi-
dence of strong mutualistic interactions involving
an exchange of mctabolites between living com-
ponents. The linkages within a module arc stron-
gest in the casc of plants and snails which are fully
committed to lifc in water (¢c.g. Ceratophyiium
demersum and B. rohlfsi). Earlicr anthropogenic
influcnces, such as deforestation, increase in ar-
cas of depositing scdiments by damming lotic sys-
tems, the construction of man-madec lakes and ir-
rigation systems and moderate eutrophication have
benefitied the modules. This, in turn, has greatly
facilitated the transmission of schistosomiasis.

5. In contrast, anthropogenic perturbations such
as acid deposition, salination, intense cutrophica-
tion, accumulation of pesticide and herbicide re-
sides, and canalization of rivers are all potentially
harmful to pulmonate snails and other components
of the module. Although from the conservation
viewpoints such effects are nghtly considered di-
sastrous, there are public health benefits to be de-
rived 1n developing countries where schisto-
sormuasis and other water-related discases are preva-
lent.
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6. Research aimed at the elucidation of the
mechanisms responsible for the absence or dearth
of pulmonate snatls in aquatic habitats within high
forests (primitive habitats) as well as in those sub-
ject to harmful anthropogenic influcnces listed
above is strongly indicated. The understanding thus
gained could be used to develop primary health
care management strategics aimed at preventing
or reducing the transmission of schistosomiasis and
other water-related*diseases. It is arguable that the
benefits to the communities in the developing coun-
trics of such an approach would far outweigh those
that would be derived from the allocation of re-
sources to the production of vaccines (if and when
they are produced) and the continued use of drugs.
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