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ABSTRACT

The objective of this study was to perform a malacological assessment at the Ibirité reservoir watershed
in the metropolitan region of Belo Horizonte (Minas Gerais) and to evaluate the natural infestation
rate of Biomphalaria straminea (Gastropoda: Planorbidae) by Schistosoma mansoni (Platyhelminthes:
Trematoda) and Chaetogaster limnaei (Oligochaeta: Naididae). The samples were collected from July
to August 2002. The B. straminea individuals collected were kept in the laboratory; the natural in-
festation rate by S. mansoni and C. limnaei was assessed weekly. The malacological assessment iden-
tified five mollusk species present in the Ibirité reservoir watershed: B. straminea, Physa marmorata,
Lymnea sp., Melanoides tuberculatus, and Pomacea austrum. Laboratory observations showed that
the B. straminea individuals were infected by C. limnaei rather than S. mansoni. Although there was
no infection of B. straminea by S. mansoni, presence of B. straminea in itself merits close attention
due to possible risk of human schistosomiasis by the local population.

Key words: Biomphalaria straminea, Chaetogaster limnaei, malacological assessment, bioindicators,
schistosomiasis.

RESUMO

Levantamento malacológico e infestação natural de Biomphalaria straminea
(Dunker, 1848) por Schistosoma mansoni (Sambon, 1907) e Chaetogaster limnaei
(K. von Baer, 1827) em uma bacia hidrográfica eutrofizada urbana (MG, Brasil)

O objetivo deste estudo foi realizar um levantamento malacológico na bacia do reservatório de Ibirité,
na região metropolitana de Belo Horizonte (Minas Gerais), e avaliar a taxa de infestação natural de
Biomphalaria straminea (Gastropoda: Planorbidae) por Schistosoma mansoni (Platyhelminthes:
Trematoda) e Chaetogaster limnaei (Oligochaeta: Naididae). As amostragens foram realizadas de julho
a agosto de 2002. Os espécimes de B. straminea coletados foram levados para o laboratório e as
avaliações da taxa de infestação foram realizadas semanalmente. O levantamento malacológico
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introduction of M. tuberculatus has resulted in strong
competitive pressure for space, as observed in Dom
Helvécio Lake at Rio Doce State Park (De Marco,
1999) and in Lagoa Santa lake in the carstic region
(Lagoa Santa Municipality) (Freitas et al., 1994).
Recently, Guimarães (2001) observed the reduction
and extinction of the B. straminea population in a
small lagoon in the Municipality of Esmeraldas
(metropolitan region of Belo Horizonte) after the
appearance of M. tuberculatus.

An intimate association between the oligo-
chaete worm Chaetogaster limnaei (K. von Baer,
1827) and many aquatic snail species has long been
recognized as commensal or parasitic in several
North American and European freshwater
ecosystems (Conn, 1994; Barbour, 1977; Gale, 1973;
Andrade & Campos, 1969; Ruiz, 1951; Von Baer,
1827). The presence of natural parasites in
Biomphalaria spp. hinders and even stops infestation
by S. mansoni. Annelidae like C. limnaei probably
impede the colonization of S. mansoni miracidia
in Biomphalaria spp. due to the large number of
individuals that lodge inside the shells, thus
diminishing the available space accessible to
colonizing miracidia (Michelson, 1964). The vast
majority of C. limnaei inhabit the mantle cavity of
their host (Conn et al., 1994). At certain times of
the year a large proportion of the worm population
must find new hosts. This occurs when the worms
hatch from their cocoons in early spring and when
the host snails die (either during the winter, or after
breeding in the summer). A constantly high
infestation percentage of the host snail population
indicates that dispersal from one host to another is
highly efficient (Buse, 1972).

The objective of this study was to perform a
malacological assessment at the Ibirité reservoir
watershed in the metropolitan region of Belo Ho-

identificou cinco espécies de moluscos presentes na bacia do reservatório: B. straminea, Physa
marmorata, Lymnea sp., Melanoides tuberculatus e Pomacea austrum. As observações em laboratório
mostraram que os espécimes de B. straminea estavam infectados por C. limnaei. Apesar de não ter
sido encontrado S. mansoni, a presença desse planorbídeo deve ser vista com atenção e, decorrência
da possibilidade de infecção com esquistossomose humana para a população local.

Palavras-chave: Biomphalaria straminea, Chaetogaster limnaei, levantamento malacológico,
bioindicadores, esquistossomose.

INTRODUCTION

The rapid urbanization rate of Brazilian cities
has resulted in progressively deteriorating sanitary
conditions and increased poverty levels of the human
population. This situation has greatly challenged
public health authorities, created new health
problems, and increased the demand for public health
services. The spread of human schistosomiasis is
attributed not only to migration of infected people
into non-infected areas, but also to invertebrate host
(Biomphalaria spp.) dispersion. Epidemiological
studies often fail to consider the social, economic,
and behavioral characteristics of the region when,
in fact the watershed should be considered as a study
unit (Barbosa et al., 2000).

The natural infestation rates of Biomphalaria
spp. by S. mansoni oscillates in freshwater ecosystems
from as high as 4% in Biomphalaria straminea, and
up to 52% in Biomphalaria glabrata. The overall
infestation rate is related to the abundance of
Biomphalaria in the area (Favre et al., 2002).

A promising new path for biological control
of the snail intermediate hosts of human
schistosomiasis is the introduction of other snail
species, such as Melanoides tuberculatus (Pointier,
2001; Giovanelli et al., 2002), that act only as natural
competitors, and whose competitive pressure on
Biomphalaria spp. can lead to the latter’s extinction.
M. tuberculatus and Biomphalaria spp. have similar
diets, feeding on detritus, associated microorganisms
(microalgae and bacteria), and fine particulate
organic matter (Pointier et al., 1991; De Marco,
1999). M. tuberculatus is an exotic species from
Asia that has adapted very well to the climatic
conditions of Brazil and can now be found in the
benthic malacofauna of many permanent and stable
lacustrine ecosystems. In Minas Gerais State, the
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rizonte (MG) and to evaluate the natural infestation
rate of B. straminea (Gastropoda: Planorbidae) by
S. mansoni (Platyhelminthes: Trematoda) and C.
limnaei (Oligochaeta: Naididae).

STUDY AREA

The Ibirité reservoir (19o07’00’’, 20o02’30’’
S; 44o07’30’’, 44o05’00’’ W) belongs to the
Paraopeba river watershed, an affluent of the São
Francisco river in Minas Gerais State, Brazil. The
watershed is composed of the sub-basins of the
Pintados, Retiro, and Do Onça streams, forming the
Ibirité river. The Ibirité river dam was constructed
in the 60s, originating the Ibirité reservoir (Fundação
João Pinheiro, 2001). The Ibirité river is a direct
affluent of the Paraopeba river (Fig. 1).

The regional landscape is of convex hills with
steep slopes. The rounding process of the slopes
resulted in long alluvial deposits that presently fill
the flat-bottom valleys. The average altitude is 950
m, with fluvial gaps ranging from 800 to 850 m and
round hills that are approximately 1,000 m high.
The climate is considered sub-humid tropical (Cwb),
with summer rains (October to March) and a dry
winter (April to September). Average annual
temperature is c. 200C, with the coldest month
averaging below 18oC and the hottest, above 22oC
(Christofoletti, 1974). Tropical savanna (cerrado)
is the regional vegetation type, with some sparse
fragments of riparian vegetation. Surrounding areas
are densely inhabited by slums. No domestic sewage
treatment exists, and dejects are released in natura
in the rivers of the Ibirité reservoir watershed.

The reservoir is going through a rapid arti-
ficial eutrophication process in which growth can
be observed of primary producers that use the
nutrients and accumulated organic matter. In different
periods of the year occurrence of Microcystis
aeroginosa and Eichhornia spp. blooms can also
be detected. The water quality is very low, with high
fecal contamination. Water temperatures are between
15.9oC and 22.9oC in the rivers, and 20.9oC and
22.8oC in the reservoir. Depth values are low in the
rivers (0.1-0.8 m) and higher in the lbirité reservoir
(5.0 m near the mouth of the river’s inflow and 13.5
m close to the dam). The hypolimnion shows low
oxygen concentrations (< 4.5 mg/L), pH values
between 6.70 and 7.69 in the rivers and 6.50-7.00
in the reservoir. Electrical conductivity values were

between 0.191 and 1.670 mS/cm in the rivers and
below 0.360 in the bottom of the water column in
the reservoir. Total alkalinity values were between
1.4 and 2.7 mEq/LCO2 in the rivers and below 1.3
and 1.8 mEq/LCO2 in the water column in the
reservoir. The waters are clear, with turbidity values
around 70 NTU at all sampling stations.

Sediments showed organic matter content
between 1.32% and 16.80% DW in the rivers
upstream from the reservoir, 13.04% DW
downstream of the reservoir, and between 4.14 and
29.80% DW in the reservoir. Granulometric
composition is typically sandy with heavy prevalence
of coarse and medium sand in the rivers and silt-
sand in the reservoir sediments.

MATERIAL AND METHODS

Samples were collected along the shoreline
of the aquatic ecosystems in five sampling stations
on the Pintados and Ibirité streams upstream from
the reservoir, two sampling stations below the
Gabriel Passos refinery effluent treatment pool,
six sampling stations in the reservoir, and one
sampling station downstream from the reservoir
(Fig. 1).

To evaluate the ecological conditions of the
sampling stations located on the Pintados and Ibirité
streams and their surroundings we used a rapid
evaluation protocol of ecological conditions and
habitat diversity in watershed stretches, as proposed
by Callisto et al. (2002). This protocol evaluates
not only the aquatic environment but also land use
and occupation of the surrounding areas of the
drainage watershed. The protocol evaluates: type
of occupation of the water body margins; existence
of erosion near or on the river margins, and bed
siltation; anthropic activities in the surrounding areas;
vegetal cover on the river bed; odor, oil presence,
and water transparency; odor, oil presence and type
of bottom; extension and frequency of rapids and
pools; mud deposition; presence, stability, and
extension of riparian vegetation; and presence of
aquatic macrophytes. The final score of the protocol
is obtained from the sum of the scores of each
independent parameter, and reflects the ecological
preservation status of the watershed stretches. Scores
from 0 to 40 points represent impacted stretches,
from 41 to 60 points represent altered stretches, and
over 61 points, natural stretches.
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Snails were collected with 7 cm tall metallic
scoops, measuring 19 cm diameter at the bottom
and 25 cm diameter at the opening, and containing
2 holes/cm2. Samples were collected along the stream
margins or from floating vegetation (Typha
domingensis, grass, etc.), sewage release areas, areas
having higher concentrations of anglers, and near
the employees’ club of the Gabriel Passos refinery.
In each sampling station, three to seven distinct
habitats were investigated, which involved a
sampling effort of 10 to 20 scoops. Scoops were
dipped into the water by the shore every meter at
all sampling stations twice a month. Snail abundances
were classified as rare (up to 5 mollusks/scoop),
abundant (6 to 10 mollusks/scoop), and very
abundant (more than 10 mollusks/scoop). In the
laboratory the mollusks were macroscopically
observed, identified, measured (maximum shell
length and shell-opening diameter). They were then
placed individually in small snap-cap glass recipients
with natural. i.e., dechlorinated water, and left
overnight until the next morning’s examination,
carried out with the help of a stereomicroscope.
Identification of the mollusks was based on a report
of Souza & Lima, 1997. After the first examination,
individuals negative for trematodes and oligochaetes
were exposed to direct artificial illumination for 2
hours, followed by a second examination. After the
examination period the mollusks were crushed and
observed under a stereoscopic microscope for
presence of S. mansoni and C. limnaei.

RESULTS AND DISCUSSION

The waters of the Ibirité reservoir receive non-
treated domestic sewage, agro-pasture effluents, and
sediments carried along the watershed rivers. Not
surprisingly, the characterization protocol of
ecological conditions showed advanced
environmental degradation in the Ibirité reservoir
watershed, with direct consequences for habitat
diversity, margin erosion, extinction of riparian
vegetation, and water body siltation.

The malacological assessment identified five
species that live in the waters of the Ibirité Reservoir:
B. straminea, Physa cf. marmorata, Lymnaea sp.,
M. tuberculatus, and Pomacea haustrum. M.

tuberculatus was numerically dominant in the
reservoir, followed by P. haustrum, Physa cf.
marmorata, and B. straminea (Table 1). The
taxonomic composition and mollusk distribution in
the reservoir did not exhibit significant spatial
differences, reflecting the physical and chemical
homogeneity of the ecosystem (F.A.R. Barbosa,
personal communication). This fact probably favors
the dominance of M. tuberculatus, which is an alien
species with high adaptation capacity and also an
efficient competitor (Guimarães et al., 2001;
Giovanelli et al., 2002). Previous studies suggest the
role of M. tuberculatus in diminishing the population
of Biomphalaria spp., the invertebrate host of S.
mansoni, on Santa Lucia Island (West Indies) and
in Venezuela (Pointier 1993; Pointier et al., 1994).
These competition mechanisms require more study
but it can already be affirmed that competition occurs
when high density values of M. tuberculatus are
reached and maintained (De Marco, 1999).

It was observed that, in the rivers flowing into
the Ibirité reservoir, each stretch studied exhibited
a distinct composition of mollusk species (Table
2). In the Pintados stream a longitudinal gradient
was found along sampling stations 3, 4, and 5, where
P. cf marmorata and B. straminea were the dominant
species.

In the Ibirité stream adjacent to the urban area
(station 6) only P. cf. marmorata was found, except
in August 2002, marked by a rare occurrence of B.
straminea. However, in the sampling station before
the reservoir (station 7) there was a predominance
of P. cf. marmorata and M. tuberculatus.

After the reservoir (station 14) there was a
substitution of the dominant species in the
malacofauna along the study period. In June, the
dominant mollusk was M. tuberculatus. In July, this
population started to decrease, allowing an increase
in the population of B. straminea, which resulted
in co-dominance. In August, the population of B.
straminea started to dominate the malacofauna.
During the last samplings, occasional rains, unusual
for that period of the year, were observed. With the
rain, flooding occurred in many swamp areas around
the houses neighboring Ibirité reservoir, allowing
the growth sites of B. straminea to overflow and
the mollusks to be carried downstream.
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Samplings Taxa 1 2 3 4 5 6 7 14 

Biomphalaria straminea     xxx   xxx     

Physa cf. marmorata     xxx    x   x   x  

Lymnaea sp.         

Melanoides tuberculatus         x  

June 5th 

Pomacea  cf. haustrum      x     x  

Biomphalaria straminea     xxx   x     x  

Physa cf. marmorata    x   xxx   xx    xx   

Lymnaea sp.         

Melanoides tuberculatus     x     xx   xxx  

 June 19th 

Pomacea  cf. haustrum        x   x  

Biomphalaria straminea     xx   xxx     x  

Physa cf. marmorata    xx   xx   xxx   x   x   x  

Lymnaea sp.         

Melanoides tuberculatus        xx   xx  

July 3rd 

Pomacea  cf. haustrum     x   x     x   x  

Biomphalaria straminea    x   xxx   xx     xx  

Physa cf. marmorata    xx   xxx   xx   x   xx   x  

Lymnaea sp.        x    

Melanoides tuberculatus        xx   x  

July 17 th 

Pomacea  cf. haustrum      x    x   x  

Biomphalaria straminea    x   xx   x   x   x   x  

Physa cf. marmorata    xxx   xxx   xxx   xx   x   x  

Lymnaea sp.        x   

Melanoides tuberculatus    x    x    x   x  

August 1st 

Pomacea  cf. haustrum        x   x  

Biomphalaria straminea    x   xx   xx     xx  

Physa cf. marmorata    xx   xxx   xxx     x   x  

Lymnaea sp.         

Melanoides tuberculatus     x      x  

August 14 th 

Pomacea  cf. haustrum     x   x    x   x  

 

TABLE 1
Malacological inventory on the sampling stations in the rivers above and below the Ibirité reservoir (MG);

(x) rare, (xx) abundant, (xxx) very abundant.
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samplings Taxa 8 9 10 11 12 13 

Biomphalaria straminea       

Physa cf. marmorata  x            x    

Lymnaea sp.           

Melanoides tuberculatus     xxx      xxx   xxx    

June 5th 

Pomacea  cf. haustrum  x   x      x   x     

Biomphalaria straminea              

Physa cf. marmorata  x         x        

Lymnaea sp.          

Melanoides tuberculatus  xxx   xxx   xxx   xxx   xxx     

 June 19th 

Pomacea  cf. haustrum  xx   x   x   xx   x     

Biomphalaria straminea         

Physa cf. marmorata  x         xx        

Lymnaea sp.                   

Melanoides tuberculatus  x   xx   xx   xxx   xx   x  

July 3rd 

Pomacea  cf. haustrum  x      x   x   x    

Biomphalaria straminea     x   xx     

Physa cf. marmorata        x   x   x   x  

Lymnaea sp.           

Melanoides tuberculatus  x   x   xx   xx   xx   xx  

July 17th 

Pomacea  cf. haustrum  x      x   x   x   xx  

Biomphalaria straminea      x     

Physa cf. marmorata  x   x   x   x   x     

Lymnaea sp.                   

Melanoides tuberculatus  xx   x   xx   xx   x    

August 1st 

Pomacea  cf. haustrum  x   x   x   x   x    

Biomphalaria straminea       xx    

Physa cf. marmorata        

Lymnaea sp.       

Melanoides tuberculatus    xx   xxx   xxx   xx   

August 14th 

Pomacea  cf. haustrum  xx      xxx   x    

TABLE 2
Malacological inventory of sampling stations in the Ibirité reservoir (MG);

(x) rare, (xx) abundant, (xxx) very abundant.
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The taxonomic composition of the malaco-
logical data from samples of the station 14 reflected
the mollusk community structure that had colonized
the Ibirité reservoir. Therefore, the changes observed
in the abundance of mollusk species could be related
to the rains that occurred at the end of the dry period
of 2002.

Shell size and aperture measures of B.
straminea were distributed into classes (Fig. 2). This
analysis suggested that in the dry period the population
tends to have a normal distribution (p < 0.05), which
means that a great number of adult individuals are
present when compared to the young and old
individuals. This tendency occurred in all periods
except in the last sampling period, when the number
of young individuals was higher. The class
distribution curve of the size of shells collected in
the sixth sampling period when more young
individuals were found could have represented
population recruitment.

The results of the natural infestation rates by
parasites for B. straminea are presented in Table
3. The observations indicated an infestation of B.
straminea with Chaetogaster limnaei (Annelida-
Oligochaeta) instead of Schistosoma mansoni. Early
naturalists considered C. limnaei to be a true parasite
that was thought to feed upon slime produced by
the host (Michelson, 1964). However, subsequent
investigators demonstrated that the oligochaete fed
mainly on microorganisms, and suggested that the
worm be considered a commensal. Wagin (1931)
also observed that the oligochaete ingested cercariae
and suggested that C. limnaei might be of value in
controlling transmission of trematodes such as
Fasciola hepatica cercariae and Schistosoma
mansoni miracidia.

Under field conditions, the intensity of
Chaetogaster infestation in snails appears to vary
considerably. Often, no more than ten Chaetogaster
individuals were observed in each specimen of
Lymnaea stagnalis and L. ovata, and more than 300
worms in a single specimen of L. stagnalis
(Michelson, 1964). In our study, as many as 15 C.
limnaei have been recovered from a single B.

straminea. The highest infestations rates (up to 45
worms) were found in older and larger snails.

Figure 3 shows temporal trends in the
prevalence of C. limnaei (i.e., percentage of
gastropods infected) throughout the study period.
(It is important to recognize that Chaetogaster-
infected snails may be refractory to experimental
trematode infestations and that laboratory snail
colonies should be free from such infestations
(Michelson, 1964; Graczyk, 1999).) A low number
of gastropods harbored parasites other than C.
limnaei. Less than 5% of the gastropods harbored
hydracarinid larvae (water mites) in the mantle cavity.
Larvae of the chironomid fly, Chironomus sp., were
found attached to the outside of the shells.

A method by which Chaetogaster could loca-
lize and make contact with the host would be through
attraction to the mucus of the host snail (Conn et al.,
1994). A similar attraction has been observed in
trematodes, suggesting that a reaction to chemical
substances probably exists (Conn et al., 1995). It
therefore appears that localization of the host by
Chaetogaster is initiated by chemical substances from
the snail, which is subsequently orientated by water
currents (Buse, 1972). A study of the microscopic
structure of Chaetogaster limnaei (Buse, 1968)
indicated that it has sense cells in the prostomium, which
could be responsible for detecting both chemical
substances both in the surrounding medium and water
currents. The nature of the association between C.
limnaei and aquatic requires further investigation.

The presence of B. straminea, a species that
shows a low rate of natural infestation by S. mansoni,
should be taken as an alert signaling the possibility
on the part of fishermen, swimmers, tourists, and the
population in the affected area of finding themselves
at risk for human schistosomiasis, which is an
undisputable sign that public health conditions in the
watershed are deteriorating. In such a situation,
malacological monitoring programs should be designed
and implemented so as to broaden the understanding
of the biology of these mollusk species and also of
the possible implications of these organisms for both
the environment and the people living in it.
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Fig. 1 — Study area with all sampling stations (scale 1:10,000).
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Mollusc 
abundances Infestation Rate 

Sampling 
Stations Habitats Vegetation Number of 

samples 
Total Average 

Standard 
deviation 

Number of 
infections* Maximum 

(%) 
Minimum 

(%) 

1 Pintados 
stream S 6 – – – – – – 

2 Pintados 
stream D 4 – – – – – – 

3 Pintados 
stream D 4 25 6.25 12.50 4 44.44 0 

4 Pintados 
stream D 6 323 53.83 27.96 142 85.71 2.99 

5 Pintados 
stream S 6 370 61. 67 26.35 136 100.00 1.23 

6 Ibirité 
stream D 6 – – – – – – 

7 Ibirité 
stream D 6 1 0.17 0.41 – – – 

8 Ibirité 
reservoir S 6 – – – – – – 

9 
Ibirité  

reservoir 
S 6 – – – – – – 

10 Ibirité 
reservoir S 6 – – – – – – 

11 Ibirité 
reservoir  S 6 1 0.17 0.41 – – – 

12 Ibirité 
reservoir S 6 64 10.67 15.33 – – – 

13 Ibirité 
reservoir S 6 – – – – – – 

14 Ibirité 
stream S–D 6 62 10.33 8.78 – – – 

The vegetation was visually estimated using the following criteria: S – sparse vegetation, D – dense vegetation, S–D – changed vegetation. 
(∗) Number of samplings when Biomphalaria specimens infected by Chaetogaster limnaei were found. 

TABLE 3
Infestation rates of Biomphalaria straminea by Chaetogaster limnaei (Oligochaeta).

Future studies should examine the relationship
between the patterns characterizing the B. straminea
population and those of other native mollusks that
may serve as hosts for C. limnaei. The latter, however,
did not appear to be pathogenic with respect to the
gastropod. However, because of the high prevalence
and rates of infection of this worm in gastropods,
further research on this point is warranted. In addition
and more broadly, the present results suggest that
further studies should explore differences in parasite/

host patterns among various localities and habitats
in the studied watershed.

In conclusion, this study demonstrated that the
malacological fauna in the Ibirité reservoir watershed
reflects a eutrophic process due to anthropogenic
activities in the region and that C. limnaei,
symbiotically associated with B. straminea, may have
important implications with respect to biological
control and/or changes in the epizootiology of native
parasites in the Ibirité reservoir watershed.

Gustavo
Highlight



Braz. J. Biol., 65(2): 1-13, 2005

10 CALISTO, M. et al.

Fig. 2 — Size class distribution (mm) of the shells (A) and shell aperture (B) of Biomphalaria straminea collected in June through
August 2002.
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