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Habitat preference of freshwater snails in relation to
environmental factors and the presence of the competitor snail
Melanoides tuberculatus (Mduller, 1774)

Alexandre Giovanelli, Cesar Luiz Pinto Ayres Coelho da Silva/*,
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Our objective is to evaluate the habitat preference of freshwater snailsin relation to environmental factors and
the presence of the competitor snail Melanoides tuberculatus. In the first phase, snailswas collected at 12 sites. This
sampling sites presented a degree of organic input. In the second phase 33 sampling sites were chosen, covering a
variety of lotic and lentic environments. The snail species found at Guapimirim, state of Rio de Janeiro, displayed
a marked habitat preference, specially in relation to the physical characteristics of each environment. Other limit-
ing factors for snail distribution at the studied lotic environments were the water current velocity and the amount of
organic matter, mainly to Physamarmorata, M. tubercul atus, and Biomphal aria tenagophila. The absence of interac-
tions between M. tuberculatus and another snails could be associated to the distinct spatial distribution of those
species and the instability of habitats. Thislater factor may favor the coexistence of M. tuberculatuswith B. glabrata
by reduction of population density. In areas of schistosomiasis transmission some habitat modification may add to
the instability of the environment, which would make room for the coexistence of M. tubercul atus and Biomphalaria
spp. In thisway, some of the usual measures for the control of snail hosts would prevent the extinction of populations
of Biomphalariaspp. by M. tuberculatus in particular habitats.
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Thethiarid snail MelanoidestuberculatusMdlller, 1774
(sin = Melanoides tuberculata) is now distributed in all
Neotropical region. It was reported for the first timein
Brazil in 1984 (Vaz et al. 1986). Several biological control
programmes using M. tuberculatus as competitor of the
snail intermediate hosts of Schistosoma mansoni (Sambon
1907) have been performed in the Caribbean area (Pointier
& Jourdane 2000). The mechanisms of competition be-
tween M. tuberculatus and Biomphalaria spp. are not
yet understood, but the competition for food probably
occurs because these snailshave asimilar diet, including
fine detritus and epiphytic algae (Madsen 1992). M.
tuberculatus is capable to reach high densities, hence
competition for space is also possible (Freitas & Santos
1995). However, the outcome of theinteractions between
M. tuberculatus and Biomphalaria spp. seems to be re-
lated to the habitat type where both species occur. In a
former study in Kenya (Mkoji et al. 1992), no evidence
was found of negative effects due to the presence of M.
tuberculatus on Biomphalaria spp. populations. In Bra-
zil, M. tuberculatus has spread over several localitiesasa
result of sucessive accidental introduction associated with
fishfarms(Vaz et al. 1986). However, there are few reports
of interaction between M. tuber culatus and Biomphalaria
spp. In Sumidouro, state of Rio de Janeiro, Brazil, popula-

*Corresponding author. E-mail: cesarcs@ioc.fiocruz.br
Received 25 October 2004
Accepted 24 January 2005

tions of B. glabrata (Say 1818) naturally infected by S.
mansoni have been monitored in several habitats, as part
of an eco-epidemiological study of schistosomiasis
(Giovanelli et al. 2001). After the invasion of M. tu-
berculatus in an irrigation channel, the population of B.
glabratus suffered the greatest and more permanent im-
pact observed during the five years of monitoring
(Giovandlli eta. 2004).

The impact of M. tuberculatus on other aquatic
macroinvertebrate species is also unknown. In French
Antilles, Pointier and Delay (1995) did not observe any
type of impact of that species on the native molluscan
fauna.

So, the study of the biology of M. tuberculatus and
its interaction with the native molluscan fauna is essen-
tial for the evaluation of the potential and risks of the use
of M. tuberculatusin biological control programs of in-
termediate host snails of medical and veterinary impor-
tance.

Surveys of macroinvertebrate assemblages on
Guapimirim, state of Rio de Janeiro, Brazil reveal ed that
there is a large variety of aguatic environments in that
municipality, displaying different degrees of anthropic
impact (Buss 2002). Besides, a survey of the molluscan
faunaof Guapimirim reveal ed ahigh speciesdiversity, in-
cluding two species acting as intermediate hosts for S,
mansoni and one species acting as intermediate host for
Fasciola hepatica (Linnaeus 1758) (Thiengo et al. 1998).

The start point of this study was the observation that
M. tuberculatus occurred most frequently in lotic habi-
tats. Based on that finding, a search for possible factors
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that could explain the distribution of M. tuberculatusand
other snail species in lotic environments was made. At
first, chemical and environmental factors of the water in
lotic areas were analyzed. Then, an analysis of the distri-
bution of snailsin different habitatswasmade, in order to
evaluate if the mollusk species in each habitat would be
susceptible to some kind of interaction with M. tu-
berculatus.

MATERIALSAND METHODS

Study area - Guapimirim (22°32' S, 42°58' W) isamu-
nicipality on the border of the Serrados Orgos, amoun-
tain chaininthe state of Rio de Janeiro, Brazil. Thisareais
influenced by orographic rains and mean annual rainfall
averages 2500 mm. A wet season occurs from October to
March (more than 200 mm month1), and a dry season
occurs from June to August (less than 200 mm month™2).
Its most important water body is Guapimirim river, whose
drainage basin is also formed by Corujas, Bananal,
Soberbo, and | conhastreams. At the stream portions near
the mountain base, the border vegetation is dense with
predominance of Atlantic Forest species. In contrast, at
low altitude portions, the landscape is composed by the
inundation plains of the Guapimirim river, occupied by
grazing land, agricultural areas, and human settlements.

Relative abundance of freshwater snailsinlotic habi-
tats—First phase - The sampling siteswere chosen based
on the preliminary observation that M. tuberculatus was
most frequently encountered in lotic environments. The
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study included 12 siteson fivetributaries of the Guapimirim
river (Fig. 1). Thefollowing sampling sites were chosen:
three in Soberbo stream (S1, S2, S3), three in Bananal
stream (B1, B2, B3), two in CanecaFinastream (CF1, CF2),
twoinlconhastream (11, 12), onein Corujas stream (CJ),
and onein an urban portion of astream subjected to high
anthropicimpact (CV). The sampling siteswere chosen to
represent an environmental gradient related to land use,
input of organic sewage, and hydrological characteris-
tics. Thesites S1, B1, CF1, and 11 are located in areas of
high environmental integrity, with the presence of woods
along the stream border and few or no sewageinflow. The
remaining sites present a gradient of environmental in-
tegrity, with the occurrence of sewage inflow and accen-
tuated deforestation along the stream margins. The site
CV hasrectified margins and receives a great amount of
organic sewage input.

Relative abundance of snailswas estimated for the 12
sites using the method of Olivier and Schneidermann
(1956). In each site snail swere captured with along metal -
lic scoop with 4 mm mesh, moving one step every scoop,
covering the lenght of 30 m for a 20 min period. In the
laboratory the larger snails of each samplewere dissected
under a stereomicroscope for identification.

The sampleswere made at the dry period (June 2001),
the beginning of rainy period (October 2001) and at the
end of therainy period (February 2002).

Qualitative analyses of freshwater snails communi-
ties — Second phase - Thirty three sampling points were
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Fig. 1: section of the Guapimirim river basin, state of Rio de Janeiro, indicating the sampling sites of the first phase. The open circle

indicate the downtown of Guapimirim. Dots represent buildings. The

sampling sites of the second phase were mainly distributed along the

Guapimirim river basin, in the lowland and near to the urban area (downtown). Map adapted from Buss et al. (2004).
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chosen, covering a variety of lotic and lentic environ-
ments. The sampling sites presented variation in relation
to sewage input and physical characteristics. However,
most of the selected habitats presented high to intermedi-
ate degrees of anthropic impact. The number of sampling
sitesat each of the available habitats was chosen in order
to represent the proportion of each habitat in the locality:
channels (15 stations), streams (8 stations), artificial ponds
(4 stations), marshes (4 stations), lake (1 station), and
pool (1 station). One sampling was made in each site at
the dry period of 2003. The sampling sites were mainly
distributed along the Guapimirim river basin, in the low-
land and near to the urban area (Fig. 1).

In each site, the snails were captured using the same
methodology applied in the first phase. Only qualitative
sampling were made at this stage. The snailswereidenti-
fied at the higher taxonomic level possiblefor each taxon:
species for Biomphalaria Preston, 1910, Melanoides
Olivier, 1804, Physa Draparnaud, 1801, and Lymnaea
Lamarck, 1799; genus for Pomacea Perry, 1810 and
Drepanotrema Crosse & Fischer, 1880; and family for
Ancylidae.

Environmental variables - In the first phase, water
was sampled and frozen in order to measure physical and
chemical variablesin laboratory: NH ,-N, NO,-N, CI~ Mg,
Ca, pH, akalinity and hardness. Further samples of water
were performed to measure bacteriol ogical parameters (total
coliformsand faecal coliforms) using thefilter membrane
method (Standard Methods Organization 1985). In lotic
habitats, channel morphology was evaluated by measur-
ing cross-sectional widths and depths. Current velocity
wastaken by timing afloating object over a2 m stretch of
the stream with achronometer. Canopy cover and the per-
centage of emergent, submerged and floating aquatic veg-
etation were estimated visually in each sampling site. In
the second phase the same variables were taken, except
the current vel ocity and nitrate series. At this phase, width
and depths were associated by multipling one by another.

Data analysis- Inthefirst phase, the snail abundance
and environmental parameters were the mean value esti-
mated for the three sampling period. A principal compo-
nent analysis (PCA) was performed with avariance-cova-
riance matrix, to evaluate the relationship between the
sampling stations and the variation of the hydrological
and physico-chemical parameters of the stream stretch.
Theeffectson snailsof hydrological and chemical param-
eters were tested by stepwise multiple regression. The
dependent variables were the mean abundance of snails
estimated by the Olivier and Schneidermann method.

The canopy cover and aquatic vegetation were a per-
centage, hence it was arcsin-square root transformed be-
fore the analyses. The other variables were log-trans-
formed to reduce discrepancies between variances and
non-linear rel ationships between variables (Sokal & Rohlf
1995).

In the second phase, a canonical correspondence
analysis (CCA) was performed between the hydrol ogical
and chemical factors in the sampling station matrix and
the qualitative data of snail species. The association be-
tween pairs of species was tested through a chi-square
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test at 0.05% significancelevel. Inthislater analysisonly
samples with at least one snail was considered.

RESULTS

Relative abundance of freshwater snailsinlotic habi-
tats— First phase - At the samplings madein lotic envi-
ronments during the first phase, the following species
werefound: M. tuberculatus, P. marmorata Guilding, 1828,
and B. tenagophila (Orbigny 1835). The highest abun-
dance of M. tuberculatuswasfound in the Corujas stream
(209 specimens) and inthe CV site (159 specimens), both
at the beginning of the rainy period. P marmorata pre-
sented its higher abundanceinthe CV site during the dry
season (326 specimens). In all other sampling periodsand
sites, the abundance of P. marmorata was always bellow
68 individuas. The mean abundance of this speciesat the
12 siteswas also small (Fig. 2). B. tenagophila presented
its higher abundancein the CV site during the dry season
(June 2001). The mean abundance of B. tenagophilawas
very small (Fig. 2). M. tuberculatus and P. marmorata
were found in eight of the 12 sampling sites, at least in
one of the sampling periods. B. tenagophilawasfoundin
only three sampling sites. The mean abundance of al three
species was drastically reduced during the rainy season
in February 2002 (Fig. 2).

The results from PCA for sites are presented in Fig.
3A. Thefirst axis (79.2% of the variance explained; eigen-
value = 5.80) separated the sampling sitesin relation to
their degree of environmental integrity. It was possibleto
recognizethree groups: thefirst group wasformed by the
siteswith high environmental integrity (11, B1, CF1, S1);
the second group wasformed by the siteswith intermedi-
atedegrees of environmental integrity (CJ, B2, 12, B3, S3,
CF2, S2), and the third group wasformed only by the site
CV, whose environmental integrity isvery low. Inthefirst
group, no snails were found; in the second group, the
snail abundance was variable and the third group dis-
played the higher snail abundance (Fig. 3A). The first
eigenvalue was significant according to the broken-stick
model. The eigenvalue associated to the second axis
(13.8% of the variance explained; eigenvalue=1.01) was
not significant according to the broken-stick model.
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Fig. 2: mean abundance of snails collected at 12 sites in Guapimirim
river basin.
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Theresultsfrom PCA for environmental variablesare
presented in Fig. 3B. Thefirst axis (92.9% of the variance
explained; eigenvalue = 77.2) separated the environmen-
tal variablesin relation to the degree of organic pollution
and channel morphology (mean width and mean veloc-
ity). The proportion of variance explained by second axis
waslow (5.3%) and the eigenvaluefor thisaxis (4.4) was
not significant according to the broken-stick model. In
the site plot, the environmental variables associated with
organic pollution were mainly located at theleft side. The
opposite was observed for the variables associated with
channel morphology. This matched the sites distribution
related to pristine and polluted groups (Figs 3A, B).

Theregression model selected in the stepwiseregres-
sion using the abundance of M. tuberculatus included
the chlorid concentration and faecal coliforms (75.8% of
variance explained). Theregression model using the den-
sity of P. marmorataincluded thetotal alcalinity and mean
velocity (78.8% of variance explained). The other vari-
ables were excluded in both stepwise regressions
(Tablesl, I1).
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Fig. 3: diagram of principal component analysis. A: sites sampled in
relation to physical and chemical variables. The number above the
site plots show the total abundance of snails collected in the study
area; B: ordination of environmental variables at 12 sampling sites.
B: Bananal stream; S: Soberbo stream; CV: Canal da Veterinaria
stream; CF: Caneca Fina stream; |: Iconha stream; CJ: Corujas
stream. Environmental variables: canopy: canopy cover; tcolifec:
total coliforms; colifec: fecal coliforms; Talc: total alcalinity; Mg:
Mg concentration; Ca: Ca concentration; Hard: hardness; Chlor:
chloride concentration; NH4: ammonia; NO2: nitrit; width: mean
width; depth: mean depth; veloc: mean velocity
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Qualitative analyses of freshwater snail communi-
ties— Second phase - The ordination results of the CCA
ontherelativeimportance of macroinvertebrate-environ-
ment variation aregivenin Tablelll. Thedatagatheredin
the second sampling phase show a separation of species
by habitat type. At CCA (Fig. 4), the sampling siteswere
separated by the physical characteristics of the habitats
(relation between depth and width), the presence of
canopy cover, and the percentage of aquatic vegetation.
Those factors allowed the discrimination between lentic
environments (marshes and tanks/lake) and | otic environ-
ments (channels and streams). The most important fac-
torsassociated with the differentiation of the streamsand
channelswere the quantity of faecal coliforms, pH, hard-
ness, calcium and chloride concentrations (Fig. 4). The
two types of lentic habitats show different characteris-
tics. The marsh habitat had high percentage of aquatic
vegetation and high percentage of canopy cover (Fig. 4).
L akes and tanks presented higher depth, aswell ashigher
concentration of total coliforms (Fig. 4).

The snail species displayed distinct preferences for
each type of habitat (Fig. 4). Thus, Lymnaea was most
frequently encountered inlakes and tanks; Drepanotrema,
Pomacea and Ancylidae in marshes; and P. marmorata,
M. tuberculatus, and Biomphalaria spp. in streams and
channels. The first three axis of the CCA accounted for
46.8% of thetotal variance explained (21.1 %for first axis
and 15% for second axis).

The snails M. tuberculatus, P. marmorata, and B.
tenagophila werefound in similar habitat conditions, ac-
cording tothe CCA. However there were some differences
in habitat preference among those species. M.
tuber culatus was more tolerant to streams than the other
two species (Table1V). B. straminea (Dunker, 1848) was
encountered only on awater pool found in the margin of
Soberbo stream (Table 1V). M. tuberculatus and P.
marmorata were the most frequent species at the whole
study area. They were found in three or four different
types of habitats, respectively, but most specimens were
sampled from channels(TablelV).

The test of association between pairs of species did
not show any type of significant result (Table V).

DISCUSSION

The snail species found at Guapimirim displayed a
marked habitat preference, specialy in relation to the
physical characteristics of each environment. P. mar-
morata, B. tenagophila, and M. tuberculatus were asso-
ciated to lotic environments, with a low percentage of
aguatic vegetation and variable degrees of domestic sew-
ageinput. The multiple regression analysis show that the
high concentration of faecal coliformsand chloride were
the most important factors for explaining the abundance
of M. tuberculatusin lotic environments. The increase of
the chloride concentration is expected in environments
contaminated by sewage, due to the inflow of urea-rich
effluents (Feema 1981). Inlotic environments, the abun-
dance of P. marmorata was correlated with the alcalinity
and the mean velocity. High acalinity values may be re-
lated to organic pollution, due to the increase in phos-
phate and ammonium salts (Feema1981). Ndifon and Ukoli
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TABLE |
Stepwise multiple regresssion (backward) with the mean abundance of Melanoides tuber culatus as the dependent variable
(in the last step, R2 = 0.758)
Independent variablesin theinitial model Variablesintheselectedmodel  Coefficient Df F P
Chloride concentration (mgl-1) In 7.931 1 5.238 0.048
Faecal coliforms (CFU) In 0.730 1 10.673. 0.010
Total hardness (mgl1) Out -0.115 1 0.107 0.752
Caconcentration (mgl-1) Out —0.363 1 1212 0.303
Mg concentration (mgl-1) Out 0.079 1 0.050 0.828
pH Out 0.510 1 2.810 0.132
Total acalinity (mgl1) Out 0.126 1 0.129 0.728
Ammoniaconcentration (mgl-1) Out 0.301 1 0.799 0.398
Nitrit concentration (mgl-1) Out -0.374 1 1.304 0.287
Mean velocity (m/s) Out -0.162 1 0.216 0.655
Canopy cover (%) Out 0.250 1 0.535 0.485
Total coliforms (CFU) Out 0.249 1 0.527 0.488
Mean width (m) Out 0.104 1 0.087 0.776
Mean depth (m) Out 0.583 1 4.119 0.077
Df: degrees of freedom; P: probability; CFU: colony formers unity
TABLE I
Stepwise multiple regresssion (backward) with the mean abundance of Physa marmorata as the dependent variable
(in the last step, R2 = 0.788)
Independent variablesin theinitial model Variablesintheselected model  Coefficient Df F P
Total alcalinity (mgl1) In 7.420 1 23.470
Mean velocity (m/s) In 13.961 1 8.359
Total hardness (mgl™1) Out 0.094 1 0.071
Caconcentration (mgl1) Out -0.216 1 0.392
Mg concentration (mgl-1) Out 0.234 1 0.463
Chloride concentration (mgl-1) Out 0.140 1 0.160
pH Out —-0.266 1 0.609
Ammoniaconcentration (mgl-1) Out 0.473 1 2.304
Nitrit concentration (mgl-1) Out 0.395 1 1.480
Canopy cover (%) Out -0.493 1 2.566
Total coliforms (CFU) Out -0.370 1 1.266
Faecal coliforms (CFU) Out -0.537 1 3.246
Mean width (m) Out -0.035 1 0.010
Mean depth (m) Out -0.163 1 0.217

Df: degrees of freedom; P: probability; CFU: colony formers unity

(1989) verified that M. tuberculatus and P. waterloti
(Germain 1911) were most frequently encountered inwa-
ter bodies polluted by high amounts of human and animal
excrements, aswell as domestic sewage. The abundance
of organic matter increases the concentration of detritus

TABLE I
Axis summary statistics of the canonical
correspondence analysis
Axisl  Axis2 AXxis3
Eigenvaue 0.719 0512 0.369
Percentage of variance
explained (%) 21.1 15.0 10.8
Cumulative percentage of
variance explained (%) 211 36.0 46.8
Species-environment
Pearson correlation coefficients 0.872 0906 0.816

Total variance (inertia) in the species data: 3.417

and possibly aids in the proliferation of epiphytic algae.
The diet of both planorbid and prosobranch snails in-
cludes those items (Madsen 1992, Lombardo & Cooke
2002).

Another limiting factor for snail distribution in the
studied lotic environments was the water current velocity
and the occurrence of spates. All the three species en-
countered at those environments were found mostly on
drainage channels, which have slower water flow than
those from streams. In streams, B. tenagophila abundance
wasextremely low. Inthe state of Minas Gerais, Brazil, the
populations of B. glabrata and B. straminea were aso
more abundant in channels than in streams (Kloos et al.
2001). Intherainy period (summer), the popul ations of M.
tuberculatus, B. tenagophila, and P. marmorata in streams
of Guapimirim presented adrastic reduction. A study made
by Buss et al. (2004) in streams of that region demon-
strated that the density of macroinvertebrates were nega-
tively influenced by spates. The influence of rainfall on
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populations of Biomphalaria has been demonstrated in
severa studies (Baptista& Jurberg 1993, Ernould & Sellin
1999, Teleset a. 2002). Water flow inlotic environments
isthe most important factor for explaining the longitudi-
nal distribution of the snails that are the intermediate
hosts of Schistosoma spp. (Appleton 1978). During the
present study, the populations of P. marmorata and M.
tuberculatus were also strongly affected by water flow
and rain distribution.

The snails L. columella (Say 1817), Pomacea sp.,
Drepanotrema sp., and Ancylidae were most frequently
encountered in lentic environments. L. columella preferred
lentic environments with relatively high water column
(dams, tanks, and lake). Thisfinding corroboratesthelit-
erature data, which associate the presence of Lymnaeidae
to environments with slow flow or stagnant water (Lima
1995, Hanley & Ultsch 1999). Inasnail survey madeinthe
state of S&o Paulo, Brazil, L. columella was more abun-
dantinlentic environments (Vaz et al. 1987).

Pomacea sp., Drepanotrema sp., and Ancylidae oc-
curred exclusively in low-depth marshes with plenty of
floating, emergent, and submerged vegetation. After
Santos (2003), ancilidslive on aquatic plantsor on rotten
leaves found in lentic environments, or in water bodies
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with slow water flow and low pollution degree. In the
present study, representatives of thefamily Ancylidaewere
found in only one habitat, displaying characteristics simi-
lar to those cited by Santos (2003). The small amount of
data does not allow any generalization on habitat prefer-
ence by the Ancylidae speciesfound in the present study.
Drepanotrema sp. was also found in only one type of
habitat. The species of the genus Pomacea are distrib-
uted throughout the Neotropical region, occupying envi-
ronmentswith slow flow or stagnant water (Thiengo 1995).
P. paludosa (Say 1829) is associated to different kinds of
substrata with aquatic vegetation (Pain 1972).

In the present study, there was no evidence of compe-
tition between M. tuberculatus and the other species of
freshwater snailsfound in the same habitats. In the same
way, chi-square analysis did not provide any evidencein
favour of competition between any of the species encoun-
tered. The absence of interactions between M.
tuberculatus and Pomacea sp., L. columella, Drepano-
trema sp., and Ancylidaeis associated to the distinct spa-
tial distribution of those species. While M. tuberculatus
inhabits mostly lotic environments, the other species are
found in lentic environments. Dueto this habitat segrega-
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Fig. 4: canonical correspondence analysis of sites sampled in relation to snails and environmental factors. Species of snail L: Lymnaea
columella; B: Biomphalaria spp.; P: Physa marmorata; M: Melanoides tuberculatus; Po: Pomacea sp.; D: Drepanotrema sp.; A:
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TABLE IV
Number of habitat types where snails were found. Under habitat type is indicated the correspondent sampling number
Channel (15) Stream (8) Lake/tank (5) Marsh (4) Pool (1)
Physa marmorata 7 1 0 2 1
Lymnaea columella 1 0 4 0 0
Pomacea sp. 0 0 0 3 0
Drepanotrema sp. 0 0 0 1 0
Ancylidae 0 0 0 1 0
Biomphalaria straminea 0 0 0 0 1
Biomphalaria tenagophila 4 0 1 0 0
Melanoidestuberculatus 7 3 1 0 0
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TABLEV

Test of association (x2) between pairs of species of snails
collected in the second phase. Only samples with at |east one
snail was considered (N = 24)

Pairs of species X2 df p

Melanoides x Biomphalaria 0.02 1 0.9024
Melanoides x Physa 0.27 1 0.6015
Melanoides x Lymnaea 0.12 1 0.7314
Biomphalaria x Physa 3.67 1 0.0555
Biomphalaria x Lymnaea 0.01 1 0.9089
Physa x Lymnaea 0.47 1 0.4923
Melanoides x others 0.55 1 0.4583
Biomphalaria x others 275 1 0.0973
Physa x others 0.59 1 0.4427
Lymnaea x others 0.12 1 0.7314

Df: degree of freedom; P: probability

tion, the potential impact of M. tuberculatus on the spe-
ciesassociated with lentic environments at the study area
islimited. In Martinica, thelocal freshwater snails, includ-
ing P. glauca (Linnaeus 1758), D. lucidum (Pfeiffer 1839),
D. depressissimum (Moricand 1839), and D. cimex
(Moricand 1839) do not seem to be threatened by extinc-
tion after theinvasion of M. tuberculatus (Pointier & Delay
1995).

No association was observed between M. tuber-
culatusand P. marmorata or B. tenagophila, although all
three species were most frequently encountered on the
same type of habitat. In French Antilles, the competitive
interaction between M. tuberculatus and Biomphalaria
spp. has been an important factor for the success of bio-
logic control programs (Pointier & Jourdane 2000). In other
places, however, awide range of outcomeswere obtained.
In Venezuela, biological control experiments using M.
tuberculatusgeneraly failed (Pointier et al. 1991). InKenya
there was no evidence of negative influence of M.
tuber culatus on Biomphalaria spp. (Mkoji et al. 1992). In
Nigeria, Ndifon and Ukoli (1989) observed that M.
tuberculatus was positively associated with Physa
waterloti and B. pfeifferi.

The occurrence of competitiveinteraction between M.
tuberculatus and Biomphalaria spp. only in some spe-
cificenvironmentsisrelated to the different life strategies
adopted by those species. As opposed to Biomphalaria
spp., M. tuberculatus has low reproduction rates, low
mortality rates, and along life span (Pointier et al. 1991).
Suchlifehistory traitsindicatethat in permanent and stable
habitats, M. tuberculatus theoretically has a competitive
advantage over Biomphalaria spp. (Pointier & Guyard
1992).

In Guapimirim, thefrequent occurrence of spates may
be considered as afactor of instability, specialy inlotic
environments (Buss et al. 2004). In this case, the drastic
reduction of the populations of M. tuberculatus and
Biomphalaria spp. may lead to the coexistence of those
species, as it keeps both populations at low densities. In
the present study, the higher abundance of B.
tenagophila was found in a rectified stream with high
inflow of organic effluents. However, that environment
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was al so subjected to occasional spates, which prevented
that the populations of B. tenagophila and M. tu-
berculatus reached high densities. Besides the effect of
environmental instability (flooding variations), other fac-
tors limited the efficiency of M. tuberculatus as a com-
petitor for Biomphalaria spp. The presence of diverse
microhabitats in heterogeneous environments may favor
the coexistence of M. tuberculatus with B. glabrata, asit
may allows both speciesto avoid competition (Pointier et
al. 1993). In Venezuela, the quantity of food was associ-
ated to the limited competitive effect of M. tuberculatus
on B. glabrata. The large amount of food in a pond al-
lowed the installation of dense populations of M.
tuberculatus and B. glabrata (Pointier et al. 1991). In
Guapimirim, the occurrence of spates, allied to theintense
pollution by sewage, specially in channels and streams,
probably allowed the coexistence of M. tuberculatus, B.
tenagophila, and P. marmor ata. However, in other regions
of Brazil acompetitiveinteraction was observed between
M. tuberculatus and B. glabrata. In the state of Minas
Gerais, M. tuberculatus was able to exclude populations
of B. glabrata and B. straminea after itsintroductionin a
lake (Guimar&eset a. 2001). Inthe state of Rio de Janeiro,
M. tuberculatusinvaded an irrigation channel and reduced
the population of B. glabrata in an area of schistosomia-
sis transmission (Giovanelli et al. 2004). The evidence
found in the latter cited study emphasizes the need for
studies on the hiology and ecology of M. tuberculatus,
aswell asitsinteraction with snail hosts encountered in
Brazil. These studies are specially important because M.
tuberculatusisrapidly spreading through many Brazilian
regions, including areaswhere schistosomiasisisendemic.
Inthoseareas, it iscommon the occurrence of attempts of
human intervention aiming to control the population of
snail hosts. In some circumstances, such interventions
may have an adverse effect on the effortsto control popu-
lations of Biomphalaria spp., in areas where they co-
occurswith M. tuberculatus. The application of mollusci-
cide must be reevaluated where M. tuberculatus and
Biomphalaria are found together. The possibility that M.
tuberculatus be more sensitive to the molluscicide than
Biomphalaria spp. may lead to a reduction of the com-
petitive interaction between those species, thusindirectly
stimulating theincreasein the population of Biomphalaria
spp. (Giovanelli et al. 2002). On the other hand, some en-
vironmental modifications may add to the instability of
the environment, what would make room for the coexist-
ence of M. tuberculatus and Biomphalaria spp. In this
way, some of the usual measures for the control of inter-
mediate hosts would prevent the extinction of popula-
tions of Biomphalaria spp. by M. tuberculatus in par-
ticular habitats.

Thus, the increase knowledge on the ecological as-
pects of the interactions between M. tuberculatus and
Biomphalaria spp. is essential for the adoption of effi-
cient measuresfor the control of Biomphalaria spp. popu-
lations in endemic areas of schistosomiasis, where the
competitor snail, M. tuberculatus, is also found.
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