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Current Advances on the Study of Snail-Snail Interactions,
with Special Emphasis on Competition Process
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t'ield work research on population dynamic of snails from the regions of Belo Horizonte and Lagoa
Santa give much information about interactions among two or more species of moffusks: Pomacea
haustrum, Biomphalaria glabrata, B. tenagophila, B. straminea and Melanoides tuberculata. Data ranging
SJrom two years to several decades ago suggest that the Pampulha reservoir is like a cemetery of B.
glabrata and B. straminca, species that coexist for more than 14 years in a small part of a stream,
whereas only B.glabrata lives in all the streams of the basin. In the last ten to twenty years B. tenagophila
nas coexisted with P. haustrum and M. wuberculata in the Serva lerde ponds and in the Pampulha dam.
lowever these species have not settled in any of the brooks, except temporarily. The data suggest that
the kind of biotope and the habitat conditions are decisive factors for the permanence of each species
in its preferencial biotope. B. glabrata, natural from streams and riverheads, quickly disappears from
the reservoirs and ponds where it coexists with other spcies for a short time, independently of the
competilive process.Competition needs to be better studied, since in Central America and Caribean

islands this kind of study has favored the biological control of planorbid species.

To define competition is not simple nor arc the
mechanisms involved very obvious (McArthur
1972). All definitions of compctition emphasize
the affinity among species and the availability of
resources. Scarcity makes cach individual spend
mor¢ energy 1n search of food. A reduced avai-
labitity of resources results in a decrease of growth,
reproduction and survival of the competitors. Ac-
cording to Tillman (1982), a rcsource is any sub-
stance or factor which can lead to increased growth
rates. Food, space, light, water, soil, nutrients, etc.
are gencrally considered resources.

Each species may coexist on the condition that
it varies somehow from one to the other possible
competitors in the use of resources. Only the oncs
which have already adapted to different dicts may
coexist. That is why similar spccies are scldom
found in the same biotope. However, specics may
coexist without competition when there are marked
phylogenetic differences among them, since each
species has its own “niche” - word difficult to fit
1n any concept (McArtuhr 1972).

Among the American planorbids there seems
to be no register of two similar species of hosts of
Schistosoma, coexisting in the same primitive habi-
tat. The occasional and transitory coexistence be-
tween the similar species Biomphalaria glabrata
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and B. tenagophila has been detected in a few sec-
ondary biotopes (Magalhies 1966, Paraense 1970,
Kavazoe ct al. 1980). The rare cxamples of co-
habitation generally refer to species of very little
aflinity such as between B, glabrata and B. stra-
minea. In this case, the period of coexistence has
sometimes been short due to exclusion of one of
lhe species (Barbosa 1973) and in several occa-
sions the coexistence is long and apparently with-
out perspective of exclusion.

Aspects related to competitive interactions be-
tween mollusks will be discussed and analysed.,
with emphasis on Pomacea haustrum, Melanoides
tuberculata and Biomphalaria species in the sur-
rounding cities of Belo Horizonte and Lagoa Santa.
Data on competitive interaction among Brazilian
snails will be comparcd with thosc mainly obscrved
in Central America. There, many studies have been
carricd out with success of pilids and thiarids in
the biological control of mollusk species host of
Schistosoma mansoni.

COMPETITIVE INTERACTIONS BETWEEN
PILID AND PLANORBID SPECIES
IN FIELD CONDITIONS

Marisa cornuarietis was the most studied spe-
c1es uscd as a competitor of planorbids and buli-
nids until 1968. This snail is a competitive fecder
and incidental predator on the eggs and young B.
grablata (Sturrock 1974). The introduction of A,
cornuarietts 1n almost a hundred ponds and irri-
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gation canals, harboring a dense population of B.
glabrata, caused the displacement of this snail in
Puerto Rico, 1n a short time (Ruiz 1968, Ruiz-Tibén
et al. 1969).

The introduction of AL corrnuarietis in Guada-
lupe decreased B. grablata population when it was
associated with Pistia stratiotis (Pointier ¢t al.
1991). Ferguson (1972) and Prentice (1983) repor-
ted the success of AL cornuaretis in some kind of
habitats like ponds 1n Porto Rico and Africa. Nev-
ertheless, 1n Tanzania, AL, cornuarietis decreased
population of four snail spccies but was not suc-
cesstul when colonizing habitats like strcams.

Nguma et al. (1982) reported the difficulty to
get successtul introduction of competitors. In Bra-
z11 few studies at ficld and laboratory have been
done using P haqustrum as acompetitor (Guima-
racs 1978, Andrade & Carvalho 1979). However,
many studies on population dynamics of planorbids
i Belo Horizonte and Lagoa Santa bring many
information about the possible interactions among
these snails and P, haustrum.

Field experiments with the aim of controlling
3. glabrata population by the pilid P. Aaustrum in
Brazil, was carried out in Baidim and Calciolandia,
Minas Gerais and at Ourinhos, Sdo Paulo. P hqgus-
trum had been introduced into ditches, lakes and
strcams at Baldim, replaced B. grablata in many
biotopes, included strcams, and was predominant
1n others (Andradc & Carvalho 1979), However,
despite its density reduction, B. glabrata was
present in four biotopes out of seven, together with
P haustrum, 10 years after its introduction.

In Calciolandia P haustrum placed into five
biotopes of B. grablata, within little time, reached
denstities from 200 to 6(X} individuals per month
in ditches, and rates about 10 times higher, ap-
proxtmately, in the lake and brooks. The planorbid
was no longer present in the biotopes. after four
years coexastence with the pihd (Guimaries 1978).
The fluctuations in density of the two species co-
existing together, did not differ very much from
those concerning the control of the experiment. In
both sttuations (tcst and control) before and after
the introduction of £ haustrum, B. grablata some-
times disappeared for several consecutive months,
mainly 1n Apnil and June, ¢xactly when the collec-
tions were intermpied in the last two years. Because
of this, we can not say that the exclusion really
occurred.

In spite of the coexistence of P haustrum with
B. glabrata and B. tenagophila for five vears with
rather high densities at Qurinhos, SP, it could not
be verified the influence of the pilid on planorbids
(Kavazoe et al. 1980). Seldom was P haustrum
found 1n Pampulha brooks and springs, habitats
of B. grablata, except on their watery and swampy
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borders. Usually not only P Aaustrum but also M.
cornuarietis apparently do not adapt well into
strcams, but only 1n ponds, lakes and reservoirs,
all still waters, as well in Santa Lucia banana drains
(Ferguson & Tiben 1971, Sturrock 1974, Jordan
ct al. 1980)

INTERACTIONS BETWEEN P HAUSTRUM
AND B GLABRATA IN PAMPULHA
RESERVOIR, SERRA VERDE PONDS AND
LAGOA SANTA LAKE

P haustrum and B. grablata in Pampulha
reservoir - There was a population explosion of
B. grabiata, which occupied in 1938 the whole
border of the newly built Pampulha reservoir. Few
years later, there was a drastic reduction of its den-
sity and area of occurrence, and that population
almost disappeared. In the carly 1950°s the planor-
bid appcared only in the mouth of the strecams,
whilc /2 haustrum was largely present, occupying
all the border and appeared at the seventy-two
collection sites (Martins & Falcio 1953, Andrade
1959). During many years, the ratio between P
haustrum and B. grablata could be estimated in
100 to 200 pilids for cach single planorbid (Gui-
maraes 1978). In the tollowing years, B. grablata
showed averages inferior 10 1,3 specimen for each
100 scooptuls/year (Carvalho ct al. 1983) and
during several months the density was 0 (zero).
At depth 0of 0.50 to 2.0 m the pilid population was
much lowcr than on the Pampulha borders and B.
grablata was never collected at these depths. From
1990 onward all the collections have shown ab-
sence of planorbids. The Pampulha dam, like the
ponds, look like a cemetery of B. grabiata.

P. haustrum and B. glabrata in Camping Serra
Verde Pond - 1n the newly built Camping Serra
Verde pond a dense population of B. grablaia, com-
ing from the springs and swampy waters of the
brooks, was developed in the pond and from March
1976 showed a stable and gross population in the
first year, a sharp fall of its density in the rainy
scason and disapperance In the second year. P
haustrum had 1ts density treble during the three
months following the invasion, in September, 1976
and kept high average densities, and peaks of 88
to 268 pilids/100 scoopfuls each three months. The
proportion was gencrally from three to eight P
haustrum for cach B. grablata (Fig.1)

The disappearance of B. grablata from the
Camping pond could be ascribed to the presence
of P haustrum bearing great numerical superior-
ity. However, the two species lived together in the
pond only four months.

P.haustrum and B.glabrata in Hippodrome
Serra Verde Pond - In the Hippodrome pond, the
average density of B. grablata was superior to 25
snails for each 100 ladiefuls, per collection sta-
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Fig. 1: density of Biomphalaria glabrata and Pomacea haustrum

(snails/100 scoopfuls) in Camping Serra Verde pond from 03/
1976 to 02/1978.

tion, per month, but it reached monthly peaks of
over 100 snails. Besides great fluctuations of popu-
lation, B. glabrata showed very low densities, al-
ternating with nonexistent ones (zero), for several
successive months, mainly during the rainy sea-
son. The first specimens of P haustrum appcared
on the second month after the two last negative
collections of B. glabrata. Therefore, the two spe-
cies did not coexist during the monitoring period.
Few years later, B. tenagophila invaded the two
Serra Verde ponds, when B. grablata had already
disappeared from these small dams, but it is pos-
sible that 1t lives in the headwater of the spring
streams what has occurred with frequency. In these
ponds we may found the coexistence of B.
tenagophila and P. haustrum for many years.

P. haustrum and B. glabrata in Lagoa Santa
lake - B. glabrata present in the borders of this
lake for some years in the 1950, (Paraense & Santos
1953) was climinated few years later without any
new register in this lagoon. It can be supposed that
the disappearance of B. glabrata has nothing to
do with the competitive action of P haustrum or
B. straminea. This asssumption is based on the
fact that B. glabrata, present in springs and brook-
lets downstream, whose waters flow from the lake,
could have invaded it by rheotaxis (Jurberg et al.
1988) and tried to settle there. This could have
occurred other times, mainly during seven years
(1979-1986) when in the lake, there was neither
F. haustrum nor B. stramineq nor any other pos-
sible competitive species of mollusk, inciuding M.
tuberculata, absent yet.
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INTERACTIONS BETWEEN P HAUSTRUM
AND B. STRAMINEA IN LAGOA SANTA AND
LAGOINHA LAKES

In Lagoa Santa lake - P haustrum showed the
highest densities in the shallowest area covered
with rush (Eleocharis sp.), while B. straminea lived
mainly in the region of Chara sp. at a depth rang-
ing from 2.0 to 5.0 m. In 1978, 92% of this last
species were collected in this area. The complete
disappearance of the whole rush community that
surrounded the edge of the lake, owing to the rais-
ing of its water level in 1979, led to the extinction
of the aquatic macrophytcs and all the mollusks
including P haustrum and B. straminea coexist-
ing in the lake for more than 20 years, associated
with the rush and Chara sp. stands. The elimina-
tion of the macrophytes Pistia stratiotis in
Guadalupe, and also, as a consequence, the elimi-
nation of B. grablata, was done through the pilid
snails (Pointier et al. 1991) not as a result of the
desctruction of the habitats of all the mollusks as
1t occurred 1n Lagoa Santa. These environmental
control measures and others like drainage of
springs, all of them including elimination of mac-
rophytes, have been greatly successful against B.
grablata 1n ltabira, Minas Gerais. However, it
should be pointed out that the study on planorbid-
macrophyte interaction has only recently become
important (Pien & Thomas 1987, Thomas 1987,
Santos & Freitas 1988, Pointier et al. 1991).

In Lagoinha or Olhos d’dgua lake - Seven spe-
cies of mollusks were 1dentified, each associated
with one or more communitics of macrophytes still
present 1n this lake (Freitas et al. 1990). P haus-
trum was the species that showed the highest den-
sity 1n the arcas where the aquatic macrophytes
had almost totally been destroyed, but it was present
in the other communitics too. In the degraded ar-
eas, 1ts monthly average density was 41.6 + 15,1
individuals/m2 and 83% of its population were
concentrated 1n habitats bearing no macrophytes.

Analyses of the main biotic components in
Lagoinha demonstrated that whereas P haustrum
was related positively (0.653) to the component
“without macrophytes”, B. straminea was related
with the component “with macrophytes™ (0.577).
The density of B. straminea varied directly with
the alteration in the biomass of Chara sp.(r=0.849
and P<0.05). In reference to this stand, B. stra-
minea showed the highest monthly densities (55.5
+ 41.9 individuals/m?) occupying the second place
1n the commumnities of Eleodea sp. and Mayaca
sp. from where the young individuals were col-
lected in higher densities denoting a preferential
area for reproduction of the species.

The chemical characteristics of the waters of
four sites of Lagoinha (Table 1) are not very differ-
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TABLE 1

Average density (ind/m?) and maximum limits (p < 0.95) of four species of mollusks which were more
abundant in four collection stations in the period of March 1987 to June 1988 in Lagoinha and Olhos d’agua

Collection
stations 1 2
Mollusks (Chara sp.) (without macrophytes)

3 4

E. squamigera Mayaca and Elodea sp.

Pomacea

haustrum 95*59 41.6* 15.1
Pisidum sp. 74.1 * 1049 42*4.4
Biomphalaria

straminea 555*419 54*28
Direpanotrema

anatinum 0 03*04

34*45 02*04
2736+ 3114 132.7* 1868

0 21.4*2123

312*24.1 230*233

ent from those of Lagoa Santa. Both of them present
relatively low values of conductivity (is 42,0 +
8,7 to 62,0 £ 7.9), calcic hardness and alkalinity
(mmol/l =0,6 +0,3 to 0,9 + 0,2), which are rather
inferior 10 the ones found in springs and other lakes
of the Lagoa Santa karstic system.

INTERACTIONS BETWEEN B. TENAGOPHILA
AND OTHER MOLLUSKS IN PAMPULHA
RESERVOIR

B. tenagophila and P. haustrum - In the Zoo-
logical area the densities of 2 haustrum varied from
about 40 to 480 specimens/m® in 1984/85. The
increase 1n its density during March and May, how-
ever, did not evince a seasonal standard. In gen-
eral, however, P haustrum was present with two
to ten ttmes the population of the planorbids in
this area during most of the period. It did not pre-
vent the population growth of B. tenagophila,
which came to surpass them for three times, dur-
ing the last months of 1986 and 1987 (Fig. 2).

In the Olhos d agua inlet, from 1986 to 1989
the densities of P haustrum were similar to those
found in the Zoo area, after its decline in 1987. B.
tenagophila also underwent marked falls in 1987
and 1988, including sequences of negative months
(zero) and months showing low densities, from
3.0 to 6.0 individuals/m?.

Data from monitoring on the borders of the
reservoir evinced very uniform yearly averages of
P. haustrum, varying monthly, however, from zero
up to 34 snails/100 scoopfuls. The averages con-
cerming B. tenagophila were lower (4.7 to 7.0) but
the fluctuations were most pronounced with
monthly peaks up to 62 snails. Table II shows the
yearly averages of the snails all over the edge of
the Pampulha reservoir.

The data concerning P. haustrum at the
Pampulha reservoir suggest that the eventual de-
cline of B. tenagophila population, during a few
months, can not result from competition with the
pilid. But another hypothesis, that scems more
consistent, 1s that density reductions of B.
tenagophila and eventual disappearance of B.
grablata, may be the result of conditions of habi-
tat. These are often decisive factors in population
dynamics (Jobim 1970, Pieri & Thomas 1987,
Thomas 1987, Pointier et al. 1991). A third hypo-
thesis would be the competitive action of M. tuber-
culata, recent invader, that has caused a fall of the
density of P haustrum and B. tenagophila through-
out 1987. However, high densities of this thiarid
in the following years, in other areas of the reser-
voir, did not hinder the coexistence and popula-
tion increase either of P, hqustrum and B. tenago-
phila which again bore high densittes (Table II).

snails/m2

250 [~ - -+ - 1000

EGDL 8OO

150 - 600

100 - - 400

50 N 7 < 200
_i': ,;'F -
ﬂ E H.-H_-l = — —] :".# ) | u
& 1 2 a 4 1 2
1984 1985 | 1986 | 1987

Fig. 2: density of Melanoides tuberculata (___ ), Pomacea
haustrum (....) and Biomphalaria tenagophila (- --) in transects
of the borders of the reservorr at the Zoological Garden inlet.
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TABLE I

Average of snails per 100 scoopfuls, per year, and minimum and maximum density” in three years,
on all the border of the Pampulha reservoir

1989

1990

1991 a
I’ haustrum 9.9 10.3 8.3 (6.1 to 12.6)
B. tenagophila 4.7 51 7.0 (2.1 t0 21.3)
M. tuberculata 1420 1.780 1,490 (920 to 2.400)

B. tenagophila and B. grablata - Surveys car-
ried out of the borders of the reservolr from 1953
to 1969 showed, 1n general, averages of B. glabrata
per sample collection of less than 200 snaiis/year,
in the whole reservoir. In the following eight years,
the density of the B. glabrata population showed a
sharp decline whereas 8. fenagophila, recent In-
vader, rcached twice the density of B. glabrata.
From 1981 to 1985 (Carvalho et al. 1985) B. gia-
brata was absent 1n the samplings for several
months and the population was, on average, of
about 428 B. tenagophila for each B. grablata or
18.000:1. Table III shows the average densities of
the two planorbids.

Population explosions in new reservoirs fol-
lowed by sudden declines were observed mainly in
the recently built reservoirs. This has been observed
in about ten ponds and rcscrvoirs by the authors
(Freitas et al. 1992) and in almost a3 hundred ponds
by Ruiz (1968), in Puerto Rico. These facts seem
to be indicative of a lack of habitat conditions for
B. glabrata i the reservoir (Freitas et al. 1987,
Jordan et al. 1980). The success of brological con-
trol programmes in Puerto Rico may be partly due
to the construction of small reservoirs, sometimes
with destruction of the waterheads through silt-
ing, as we couid observe in Itabira, MG.

On the other hand, B. renagophila seems o
adapt well 1n reservoirs, considering they are the
species’ secondary habitat. In the Pampulha lake,
the occurrence of B. tenagophila was stable. How-

cver, the density of the species varied, 1.¢., grow-
ing to the first great peak in 1981, but rcaching
the highest peak only in 1985. The growth pattern
of B. tenagophila was quite different from that of
B. glabrata and M. tuberculata. Whereas B. lena-
gophila rcached higher densitics only about ten
years after having invaded a new reservoir, 5.
glabrata and M. tuberculata showed the highest
pcaks in the first ycars. The thiriad presented
exponentional growth in each new reservoir in-
vaded (Pampulha, Lagoa Santa, Lagoinha, Sumi-
douro, Rio Branco, eilc.) as well as 1in each new
sit¢ 1n these reservoirs, reaching in a short time
about 10.000 up to 18.000 specimen/m?. Is it pos-
sible that these qualities facilitate the competitivity
among these mollusks?

Somc hypothesis have tried 10 explain the dis-
placement of moilusks from their natural habitats.
The introduction of B. glabrata in Manguinhos,
Rio de Janeiro, resulted in the disappearance of B.
tenagophila from this habitat. The disappearance
of B. tenagophila was attributed 10 competitive
exclusion by 8. grablata (Magalhdes 1966). Out
of fifteen laboratory tests on coexistence between
these two planorbidac, B. tenagophila was elimi-
nated or strongly educed in twelve, and was par-
tially successful in only one (Santos et al. 1989).

B. grablata was displaced by B. tenagophila
in the Horto Municipal and in the region of Hos-
pital da Baleia, both located in Belo Horzontc,
and was reduced strongly in the Pampulha reser-

TABLE HI

Averages of Biomphalaria glabrata and Biomphalaria tenagophila per 100 scoopfuls, on the borders of the

Year 1981 1982

Species {Aug/Sept) (Jan/Nov)

B glabrata 0 .04
4.50) 2.30

B. tenagophila

Pampulha reservoir, from 1981 to 1985 (The data until 1984 are based in Carvalho et al. 1985)

1985

1983 1984

(Jan/Nov) (Oct/Dec) (Jan/Oct)
3.20 0.012 0.025
17.90 10.31 10.27
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voir (Paraense 1970, Carvalho et al. 1985). Iis
possible displacement by B. tenagophila in Qu-
rinhos, SP (Kavazoe et al. 1980), was shown to be
due to competitive exclusion. The authors con-
cluded that B. giabrata had disappeared, however,
the statistical analysis suggested a competition
between the two species studied with a tendency
to exclusion of B. glabrata.

B. tenagophila and M. tuberculata - In the
Zoological Garden area, B. tenagophila showed
the usual population fluctuations: decline in the
first half and peak in the last quarter of the vear,
independently of either the presence or the in-
crease 1n density of P Aaustrum since 1950 or M.
tuberculata since 1986 (Tables I, 11). The planor-
bids had shown very low densities (from 1.2 t0 3.5
snails per m?) for fifieen consecutive months, even
before the invasion of M. tuberculata in this area.
where it reached more than 800 thiarids/m?.

In the Olhos d’agua inlet, the density of the
thiarid was incomparably higher, reaching a peak
of over 16.000 snails/m? one year after the inva-
sion. The fluctuation in density of B. tenagophila
was rather similar in these two areas despite the
different densities of the thiarid.

In all the sites of the reservoir, searched at 1.0
and 2.0 m of depth, the densities of M. tuberculata
remained high, from about 2.000 to 4.000 indivi-
duals/m?, in the majority of the months (Fig.3).
Nevertheless, in the Mergulhdo mouth the densi-
ties of the thiarid were the highest in the reservoir,
averaging 7.618 £ 2.337 snails/m? (Bedé 1992).

B. tenagophila was concentrated in the mouth
of the streams. Few years later (1988-93) due prob-
ably to the increase of pollution, the planorbid
started to present the highest densities in the near-
¢st areas to the barrage, an area less polluted. How-
ever, there was no correlation between A, tuber-
culata and several chemical factors in the water
but there was negative correlation between the
thiarid and rains (r = -0.682) in collections away
from the border, at Merguihio inlet.

In the momitoring carried out all over the edge,
the densities varied from 920 to 2.400 thiarids/
100 scoopfuls. There was slight fluctuation and it
could not be identified any marked seasonal factor
concerming AL tyberculata. Nevertheless, B. te-
nagophila showed rather higher densities from
August to October, before the rains. The ratio be-
tween M. tuberculata and B. tenagophila from
1987 to 1993 was about 200 to 400 thiarids for
cach single planorbid. On the edges, the percent-
age of dead thiands (1989/91) was from about 20
to 30%, while in the transects perpendicular to the
border, the death rates were from 50 to 90%. It
should be emphasized that during the first year
following the invasion (Carvalho 1986), the per-
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Fig. 3: density of (a) Melanoides tuberculata ( ), (b) Pomacea
haustrum(....) and Biomphalaria tenagophila (- - -) in transects
of the collection stations; Olhos d’Agua, Clube Belo Horizonte
and in all the edge of the reservorr.

centage of live thiands was superior to 90% (Frei-
tas et al. 1987).

Different characteristics of the thiarids seem
to enable it to be efficient competitors, such as ex-
tended life span, long-lasting high densities, ca-
pacity to compete for space and food and resistan-
ce to chemcal factors released into the waters
(Prentice 1983, Pointier & McCullough 1989, Be-
dé 1992). Promising results obtained by the intro-
duction of 7. granifera and M. tuberculata in sev-
eral countries of Central America, have stimulated
many scientists to suggest their use in biological
control (Ferguson 1972, Malek & Malek 1978,
Pointter et al. 1991). In their revision, Pointier and
McCullough (1989), and Madsen (1990) presented
many examples of the competitive ability of the
thiarid. In Pampulha, however, cight species of mo-
llusks, including B. tenagophila and P haustrum,
coexasted with AL tuberculata for about nine years
without being apparently molested, except in the
invasion year of each site of the dam. In the ma-
jority of the dams, lakes and ponds, when A/
fuberculata arrived, there was neither B. grablata
nor B. straminea as in Lagoa Santa, and the thiarid
chd not invade the streams.
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INTERACTIONS BETWEEN B TENAGOPHIILA
AND B. GLABRATA IN STREAMS OF THE
PAMPULHA BASIN

The presence of B. grablara in the eight tribu-
tary streams at this natural area of its distribution. in
the Pampulha basin, after its first collection by Mar-
tins and Versiani (1938), was confirmed by Martins
and Falcdo (1953) and by Paulini et al. (1967). But
the presence of B. fenagophila or B. straminea coe-
xisting with B. grablata in these streams, was de-
tccted two times at a ten vear interval (Souza ct al
1981, Freitas et al. 1991) (Table IV).

While B. tenagophila was generally found at
the six new sites, five of them near the mouth of
the streams, B. grablata was rarely collected at
the sites in the streams near the rescrvoir (Freitas
et al. 1991). How to explain why B. tenagophila
has not becn able to establish itself in the streams
although several aticmpts have becn made for
more than 20 years? (a) could it be due to 5.
glabrata that eliminate it from the streams? (b)
or could the rcason be the lack of rheotaxic ca-
pacity (Jurberg et al. 1988) which difficultates
going upstream? (¢) conditions of the habitat could
be another hypothesis?

We need more adequate parameters to define
habitat conditions, collection stations, as well as
to define coexistence. The presence of two species,
for two or three years, in a biotope, may not sig-
nify coexistence but attempts of fixation or sur-
vival. B. glabrata continues to colonize all the
brooks of the reservoir, swampy and marshy ar-
cas, principally in the streamheads which possibly
ar¢ 1ts breeding place or primitive habitat. When
carried to the reservoir by rainfall, this species in
general, disappears, but sometimes it can even colo-
nize some areas, temporarily.

B. straminea can be found up today in the same
habitat and same site at Barauna stream, where it
was collected by Souza et al. {1981) and is still
coexisting with B. glabrata. These two species
must have been carried to the reservoir by rain-

TABLE IV

Distrnibution of Biomphalaria species in the streams
of the Pampulha basin, according to data by Souza
¢t al. 1981 and Freitas et al. 1991

Species Sites with the planorbids (Number)
1981 1991
B. grablata 18 12 (plus 6 new sites)
B straminea 1° 19
19 (plus 6 new sites)

B. tenagophila 14

“ the same site with coexistence of B. glabrata and B
straminea or B. tenagophila.

fall, although B. grablata was seldom collected at
the reservoir and B. straminea has never been col-
lected there or in the Barauna inlet. Among the
unfavourable factors to these specics could be the
presence of fish in the reservoir, such as the Geo-
phagus brasiliensis (Godinho et al. 1982), consi-
dered an efficicnt predator of planorbids (Weinztl
& Jurberg 1990), or the presence of competitive
mollusks, or even the elevated and growing or-
ganic pollution of the last twenty years. In the last
casc, the level of pollution might determine the
minimum conditions of habitat for each species.

A large area of the Ressaca/Sarandi streams in
the mouth of the reservoir, with several months
without OD (or = zero), can obstruct the passage
of planorbids and fish, their predators. Besides,
anaeroxy and elevated eutrophyzation levels (Giani
et al. 1988, Pinto Coelho 1992) may be adverse
conditions for planorbids (Branco & Matheus 1983,
Freitas et al. 1992). However, the values of other
chemical parameters did not seem to be a limiting
factor to the snails (Baptista & Jurberg 1993). How-
cver, tt can be supposed that if the conditions of
habitat were favorable to B. straminea, it would
iry to grow in Barauna inlet when dragged by the
flood and would at least bear some generations
there. Such being the case, it would probably be
collected there, at least occasionally in the reser-
voir (as B. glabrata was before 1986), from one of
the thousands snail scoopfuls withdrawn per
month, for several years.

The coexistence among these planorbids is pos-
sibly more frequent in urban reservoirs, but ex-
amples of coexistence in natural environments are
very rare. Paraense (1970) observed two cases of
coexistence in Minas Gerais, and Teles (1989) re-
ported the coexistence of B. glabrata and B.
tenagophila only in 7 out of 1062 lots of planorbids
coliected 1n Sdo Paulo and coexistence of B. stra-
minea and B. fenagophila in 12 lots.
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