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Interaction between the Intermediate Host of Schistosomiasis in
Brazil Biomphalaria glabrata (Planorbidae) and a Possible
Competitor Melanoides tuberculata (Thiaridae):

l. Laboratory Experiments
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The biological control oBiomphalaria glabratantermediate host o8chistosoma mansqii$ one the accepted
options to fight schistosomiasis. One of the most promising candidates to & mfiabratads the snaiMelanoides
tuberculataa potential competitor. However, the mechanisms of interaction between the two species are not clear.
Our objective is to determine 1. tuberculatandeed compete witB. glabratausing two laboratory experiments.

In Experiment 1, we tested the effect of the presendé. dfiberculataon the fecundity and mortality rates &.

glabrata In Experiment 2, we tested if there was a direct or indirect interaction between the two species. In Experi-
ment 1,M. tuberculatawas eliminated after the peak in reproductive activityBofglabrata In Experiment 2B.
glabrataproduced more egg masses when raised Mithuberculata.The conditions leading to this unexpected
positive effect oM. tuberculatan the fecundity oB. glabrataneed further clarification, but emphasize that detailed
studies of the interaction between these species in the conditions of the local environment should be considered.
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Certain pulmonate snails are intermediate hosts pbsitive effect oM. tuberculataon B. glabrata When
Schistosomapp, the digenetic trematode responsible toaised withM. tuberculataand other mollusksB.
schistosomiasis in man. Competitors of pulmonate snadtabrata reached a larger size and produced more cer-
have been used for biological control of host populatiorearia of S. manson{Moné 1991). These results point to
(WHO 1984, Madsen 1990, Sturrock 1995, Pointier &e dangers of species introductions for biological con-
Giboda 1999). In the West Indies, the thidvidlanoides trol based on poor knowledge and weak assumptions of
tuberculatawas effective in the elimination or reductionspecies interactions. The effectivenesMofuberculata
of populations oBiomphalaria glabratathe intermedi- for biological control oB. glabratain a specific environ-
ate host in the cycle of schistosomiasis (Pointier .et ahent can be evaluated only when the ecology of these
1989, 1991a, Pointier & McCullough 1989, Pointier &pecies and the nature of their interactions are under-
Guyard 1992, Pointier 1993, Schlegel et al. 1997). Howevatood.
in VenezuelaM. tuberculatawas introduced in 20 sites,  Here, our objectives were to test two hypotheses: that
but only in three sites w&iomphalariaspp. eliminated M. tuberculatahas a negative effect on the growth and
or effectively reduced (Pointier et al. 1991c). In Brazil, thdemography oB. glabrata(H1), and that a substance
first occurence ofl. tuberculatavas reported in 1967, in liberated byM. tuberculatacauses this negative effect
Santos, State of S&o Paulo. After that, this snail has sprébi®). The second hypothesis was proposed previously
to other localities, probably as a result of successive actor Thiara graniferg another thiarid (Prentice 1983, Gomez
dental introductions associated with fish farms (Vaz et adt al. 1990, Perez et al. 1991). Two laboratory experiments
1986). However, there are few reports of interaction bevere performed to test these hypotheses.
tween M. t_u_bercul_ataand species of the genus MATERIALS AND METHODS
Biomphalariain Brazil. o

Gomez et al. (1990) observed a negative effect of Individuals ofM. tuberculataandB. glabratawere
thiarids onB. glabratain a laboratory experiment, which collected in streams of two valleys in the municipality of
was attributed to an undetermined substance liberat&gmidouro, RJ, Brazil (202'59"S, 4240'29"W). In labo-

by thiarids. Converse|y1 Moné et al. (1986) observedratory, these individuals were raised in 74 x 237 x 330 mm
plastic containers with 2 | of dechlorinated tap water. De-

hydrated lettuce and rodent food pellets (3-4 mm large)
were provided ad libitum, and temperature varied between
22 and 29C during the study. Containers were checked at
least every two days to remove dead individuals, to guar-
*Corresponding author. Fax: +55-21-2560.6474. E-mailantee ad libitum food, and that rodent pellets stayed on
cesarcs@ioc.fiocruz.br the bottom. The water was changed every fortnight to
Received 26 June 2001 avoid any crowding effect, when the number of egg
Accepted 19 December 2001 masses, embryos, young and adults was counted. These
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were the experimental conditions of the following experifecundity forB. glabrata BecauseM. tuberculatais a
ments. viviparous species, only the number of young and dead

Experiment 1growth and demography Bf glabrata adults was counted.
raised withM. tuberculata This experiment was designed  Statistical analyses Except for survival in Experi-
to test H1, thal. tuberculatahas a negative effect & ment 1, demographic variables&fglabratawere com-
glabrata Three groups with three replicates each wengared between groups by Analysis of Variance (ANOVA)
formed: B 1(B. glabrata;M: 10 M. tuberculataBM: 5B.  with replicates nested within groups. There was a marked
glabrataand 5M. tuberculata. difference in the fecundity measuresBfglabratabe-

A replicate was a plastic container with ten youndpre and after the 4th fortnight. Thus, in addition to group
individuals. Only young of the two species were use@nd replicate a third factor, named “period”, was intro-
Individuals of M. tuberculatawith less than 3 mm of duced to consider potential differences between these
length and individuals dB. glabrataless than 2 mm in periods. Survival in Experiment 1 had a linear relationship
diameter were used, corresponding to about 15 days oldth time, hence only for this variable time was treated as
All snails were raised in the laboratory, and were allowealcovariate, comparing groups by Analysis of Covariance
to grow and reproduce freely during the experiment. OnANCOVA). In ANCOVA, the effect of time is removed by
dead individuals were removed in Experiment 1. The diam-process similar to regressing each variable against time
eter ofB. glabrataand the length dfl. tuberculatawere and then comparing the intercepts of the regression lines
measured every fortnight, followed by the water changef each variable. Tukey test was used for pair wise com-
in the containers. The number of egg masses, embrypsrisons (Sokal & Rohlf 1995). Survival in Experiment 1
young and dead adults Bf glabrataalso was counted was measured as a proportion, and hence was arcsin-
every fortnight, and divided by the number of individualsquare root transformed prior to statistical analyses. The
present providing three measures of fecundity and oneather fecundity variables were counts of dead individu-
mortality. M. tuberculatas a viviparous species, and thusals, egg masses, and young, and hence were log-trans-
only the numbers of young and dead adults were countdormed (Sokal & Rohlf 1995).

Experiment 2 mortality rates and fecundity d8. RESULTS
glabrata raised in direct and indirect contact with ] o .
tuberculata -This experiment was designed to test H2, Experiment 1 All individuals of M. tuberculatain
thatM. tuberculataliberates a substance that affeBts group BM raised wittB. glabratadied at the 4th fort-
glabratanegatively. Only individuals ofl. tuberculata Night of the experiment, right after the peak in production
with more than 19 mm of length and individualsiof Of young byB. glabrata In the control group M, where
glabratawith more than 15 mm in diameter were used{l. tuberculatawas raised alone, populations persisted
corresponding to adult individuals. Six groups with tw@1 months after the beginning of the experiment in vari-
replicates each were formed. The containers of the repfible degrees (50%, 70%, and 90% of the original popula-
cates were divided in two by a wire mesh of Iexcept tions in the three replicates). In the group M, mortality
for group BMU, as follows: BM: 1®. glabrataat one begun only at the 15th and 17th fortnights in two repli-
side and 10M. tuberculataon the other side, to deter-cates, and at the 4th fortnight in one replica¢e.
mine indirect effects of individuals of other species; BBtuberculatadid not reproduce in any group.
10B. glabrataat one side and B glabrataon the other ~ Mortality of B. glabratain the control group B and in
side, to control for indirect effects of individuals of thethe experimental group BM began at the 4th fortnight (Fig.
same species; MM: 1. tuberculataat one side and 10 1a). After that, survival was significantly higher in group
M. tuberculataon the other side, to control for indirectB (Table I, Fig. 1a). Populations Bf glabratawere moni-
effects of individuals of the same Species; B:BLO tored until the 13th fortnight, when the last surviving in-
glabrataall at one side, the other side empty. A contrdfividuals died. _ _
for any indirect effects of individuals on the other side of In the first four fortnights, the production of egg
the container, regardless of the species; M:ML.0 Masses, embryos, and youngBofglabratawas higher
tuberculataall at one side, the other side empty. A conin the experimental group BM than in the control group B
trol for any indirect effects of individuals on the othefFigs 1b,c,d), but this difference was not significant (Table
side of the container, regardless of the species; BMU: 1o In all groups, egg masses and embryoB.dflabrata
B. glabrataand 10M. tuberculatain an undivided con- appeared at the 2nd fortnight, and adults at the 3rd fort-
tainer, without the wire mesh, to compare direct and indiight of the experiment. The peak of egg mass and young
rect effects between the two species. production occurred one fortnight after their first appear-

The number of adult individuals was kept constardnce (Figs 1b, c, d).
during Experiment 2 by removing newborn individuals and Experiment 2 -There was no mortality oM.
by replacing dead by new adults. The number of addkberculatain any of the groups during the 11 fortnights
individuals replaced, and the number of egg masses, e@f-the experiment. Group M, wheké tuberculatawas
bryos, and young d8. glabratawas counted every fort- raised alone on one side of the container, differed from
night. Mortality was not measured directly in Experimenthe others by a higher production of young between the
2, but can be inferred from the absolute number of rérd and 4th fortnights (Fig. 2c). Accordingly, there was a
p|aced individuals per fortnight_ The number of eg@ignificant difference between groups in the production
masses, embryos, and young was divided by the numigéryoung, and a significant interaction groups x period
of adult individuals present, providing three measures §fable Il). Tukeya posterioritests detected significant
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Fig. 1: survival (A), number of egg masses (B), embryos (C) and young (Bioofphalaria glabrataraised alone (group B) and with
Melanoides tuberculatggroup BM), during the 14 fortnights of the first experiment. Mean value of the replicates was used for each
variable.

TABLE |
Effect ofMelanoides tuberculatan the survival and fecundity 8iomphalaria glabratggroups)
ANCOVA ANOVA
Survival Egg masses Embryos Young
d.f. F P d.f. F P F P F P
Groups 1 9.211 0.004 1 2196 0.144 2624 0.111 1453 0.233
Replicates (nested) 4 1130 0.351 4 0.075 0.990 0.257 0904 0.044 0.996
Time or period 1 330.5 <0.001 1 14.021 <0.001 3.641 0.061 0.609 0.438
Interaction groups x period 1 0.230 0.634 0.036 0.849 0.024 0.878

Replicates were nested within groups. Time (days) was a covariate for survival, but was treated as a factor with twahevels for
other variables (before and after the 4th fortnight). Variables were measured every fortnight. Survival was arcsin-trdosformed
ANCOVA and variables for ANOVA were log-transformed. Bold type indicates significant values; d.f.: degree of frEe&etest;

P: probability

differences between group M and groups BM and MNroups, period, and in the interaction groups x period
(Table I11). (Table 1V). Group BMU B. glabrataraised withM.
ForB. glabratg mortality was low in all groups, usu- tuberculatain an undivided container) and group BM
ally varying between zero and two individuals replacefFontainer divided by the wire mesh) were significantly
during the 11 fortnights of the experiment. Neverthelesg)ore productive than the control groups B and BB. Group
there were significant differences between replicates, pdMU produced significantly more egg masses and em-
riod (before and after the 4th fortnight), and betweeBryos per individual oB. glabrata whereas group BM
groups in the second period (significant period x grouggoduced significantly more embryos per individual (Figs
interaction) (Tables 1V, V). One of the replicates of grouga, b, Table V). The production Bf glabratain group
B —whereB. glabratawas raised alone on one side of théMU was more pronounced between the 2nd and 4th
container was the main cause of this significant diffefortnight of the experiment, whereas in group BM the pro-
ence. This replicate differed significantly from the othegluction was higher than groups B and BB during the whole
replicates and groups in Tukeyposterioritests (B1 in experiment (Figs 2a, b). Groups BMU and BM differed
Table V). between each other only in the production of egg masses.
The production of egg masses and embryos per indi- Most groups produced few yourigy glabrata yet
vidual of B. glabratadiffered significantly between they differed significantly in the production of young
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65 A [J BB — M (Table 1V). Similarly to mortality ifB. glabrata the same
| e ---ewu replicate of group B (B1) was the main cause of this sig-
R . nificance. It produced significantly more young compared
44 ’ to other replicates of the same group, and compared to
’ : other groups as well (Table V).

DISCUSSION

The hypothesis thal. tuberculatahas a negative
effect onB. glabrata(H1) was not supported in the con-
ditions of Experiments 1 and 2. In Experiment 1, there was
competition for food, but, contrary to expectatidsm,
tuberculatawas eliminated b¥3. glabrata Only the re-

No. of egg masses of B. glabrata
w

100 4 o 8B ---BMU TABLE Il

Effect of the direct contact witBiomphalaria glabrateon the
fecundity ofMelanoides tuberculatégroups)

Young (humber
produced per individual)

No. of embryos of B. glabrata
D
o

ANOVA d.f. F P
1 2 3 4 5 6 7 8 9 10 Grou_ps 3 5.245 0.003
Replicates (nested) 4 2.591 0.044
Period 1 4.049 0.048
Interaction groups x Period 3 5.436 0.002
MM — BM Replicates were nested within groups. Variables were measured
E ™M ---BMU every fortnight. Period had two levels, before and after the 4th

fortnight. Young was measured every fortnight and was log-
transformed. Bold type indicates significant values; d.f.: degree
of freedom;F: F-test;P: probability

NN

TABLE Il

Probabilities (Tukey test) for the null hypothesis of no
differences between groups in the number of young produced
per individualMelanoides tuberculatdog-transformed)

No. of young of M. tuberculata

1 2 3 4 5 6 7 8 9 10

No. of fortnights in Experiment 2

Groups M MM BM BMU
Fig. 2: fecundity ofBiomphalaria glabrataand Melanoides M M éggg 1 0-00 _ )
tuberculatain the six treatments of Experiment 2. Two measuregI 0:004 0:983 1_(_)00 -_

of fecundity were used foB. glabrata the number of egg masses
(A) and embryos (B). One measure of fecundity was used/for BMU 0.385 0.404 0.222 1.000
tuberculata the number of young (C). Containers divided in tWOBoIdty s i . ; i ;
e Aty : pe indicates significant values; containers divided in two
sides: B:B. glabratdempty; BB:B. glabratdB. glabratg BM: B. sides: BMB. glabratdM. tuberculataM: M. tuberculatag¢mpty;

glabrata/M. tuberculata M: M. tuberculataémpty; MM: M. " h - ) .
tuberculata/M. tuberculataContainers undivided: BMUB. glabratd ~ MM: M. tuberculata/M. tuberculat&Containers undivided: BMU:

M. tuberculata B. glabratdM. tuberculata
TABLE IV
Effect of the direct contact witklelanoides tuberculatan mortality and fecundity d@iomphalaria glabratggroups)
ANOVA d.f. Mortality Number of egg masses Embryos ouxig
F P F P F P F P

Groups 3 2.272 0.088 14306 <0.001 9.104 <0.001 6.567 0.001
Replicates (nested) 4 6.138 <0.001 0.120 0.975 0.319 0.864 4.868 0.002
Period 1 9.869 0.002 38.967 <0.001 5.489 0.022 5.381 0.023
Interaction Groups x Period 3 3.420 0.022 3.909 0.012 4.719 0.005 1.155 0.333

Replicates were nested within groups. Variables were measured every fortnight. Period had two levels, before and after the 4th
fortnight. Mortality was the number of individuals replaced every fortnight, fecundity measures were calculated per iratididual,
all variables were log-transformed. Bold type indicates significant values; d.f.: degree of freeBewst;P: probability
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TABLE V

Probabilities (Tukey test) for the null hypothesis of no differences between groups in mortality and in the number of young
produced per individud@iomphalaria glabratan Experiment 2

Groups and B1 BB1 BM1 BMU1 B2 BB2 BM2 BMU2

replicates

Mortality (number of individuals replaced) B1 1.000 - - - - - - -
BB1 0.015 1.000 - - - - - -
BM1 0.068 0.999 1.000 - - - - -
BMU1 0.018 1.000 1.000 1.000 - - - -
B2 0.004 1.000 0.983 1.000 1.000 - - -
BB2 0.048 1.000 1.000 1.000 0.993 1.000 - -
BM2 0.011 1.000 0.998 1.000 1.000 1.000 1.000 -
BMU2 0.998 0.092 0.287 0.097 0.035 0.223 0.071 1.000

Young (number produced per individual) B1 1.000 - - - - - - -

BB1 <0.001 1.000 -
BM1 <0.001 1.000 1.000 -
BMU1 0.001 0.997 0.999 1.000 -
B2 0.001 0.996 0.998 1.000 1.000 - - -
BB2 <0.001 1.000 1.000 0.998 0.997 1.000 - -
BM2 <0.001 1.000 1.000 1.000 1.000 1.000 1.000 -
BMU2 0.015 0.824 0.865 0.994 099 0.849 0.963 1.000

Capital letters code for the treatments of Experiment 2, and numbers code for the replicates. Variables were measuteigjbt/ery for
and were log-transformed. Bold type indicates significant differences. Containers divided in two $detal®atdempty; BB:B.
glabrata/B. glabrata BM: B. glabratdM. tuberculata M: M. tuberculataémpty; MM: M. tuberculata/M. tuberculataContainers
undivided: BMU:B. glabratdM. tuberculata

sults of Experiment 1 would not be enough to reject H1, TABLE VI

because it could be explained by stronger intraspecific Probabilities (Tukey test) for the null hypothesis of no
competition in group B (1B. glabratg than in group BM  differences between groups in the number of egg masses and
(5 B. glabrata+ 5 M. tuberculata during the first 4th  embryos produced per individuBiomphalaria glabratéan
fortnights. However, in Experiment 2, fecundity and mor- Experiment 2

tality rates oB. glabratawere expected to be lower in the Groups B BB BM BMU
groups BM and BMU because of the negative effect (E

M. tuberculata Instead, the highest fecundity Bf =99 masseSBBB (l)'ggg 1,000 i i

glabratawas in the group BMU. BM 0434 0094 1.000 )
The hypothesis tha¥l. tuberculataliberates a sub- BMU <0001 <0001 0003 1.000

stance that affects negatively individualsBofglabrata

(H2) was not supported either. According to H2, fecurEmpPryos BBB 019%070 1000 - -

dity should be lower and mortality higher in the groups
BM and BMU bepause of the presenc_@/btuberculata Emu <o(.)(?§gl 8'_83; é:ggg 11600
The result was in the opposite direction. : _ :

The higher production of egg masses and embryos Efpital letters code for the treatments of Experiment 2. Variables
B. glabratawhen raised wittM. tuberculatain Experi- Were measured every fortnight and were log-transformed. Bold
ment 2 (groups BMU and BM) could be explained by ret)_/pe indicates significant differences. Containers divided in two
duced crowding dB. glabrataper unit of volume in group sides: B:B. glabratdempty; BB:B._gIabrata(B_. glabrata BM:

R . ) B. glabratdM. tuberculata Containers undivided: BMUB.

BMU. However, crowdmg per unit of volume in groups _Bglabrata/M. tuberculata
and BM is the same as in group BMU, but the production
of egg masses and embryos was significantly higher in
group BMU (Table VI). A second hypothesis is that
crowding per unit of area, not volume, is reduced in group
BMU, which indeed is true. Although the total density ofisually considered in the design of experiments with
individuals of the two species is the same in both groupshails. Reduced area could increase chances of hitting
in the group BM, individuals of each species were resther individuals, increasing stress and reducing fecun-
stricted to one half of the container. Hence, each specidity and growth (Chernin & Michelson 1959). In this study;,
was more crowded than in BMU, where individuals wererowding inB. glabrataprobably occurred as an area
allowed to use the whole container. CrowdingBin effect.
glabratausually is related to volume of available water Crowding of B. glabrataper unit of area does not
(Wright 1960), but it also may be related to available suexplain the significantly higher production of embryos in
face area (Sturrock & Sturrock 1970). Surface area is ngtoup BM compared to groups BB and B. Crowding per
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unit of area was the same in these three groups, and aM. tuberculatadoes not seem to inhib. glabrata
logical hypothesis is tha#l. tuberculatais facilitating producing chemical substances. Actually, in the condi-
the production of embryos 1B/ glabrata M. tuberculata tions of the experiment of this stuly tuberculatamight
could be releasing a nutrient fBr glabratg or could be even facilitate the reproduction Bf glabrata.The con-
producing a substance that would stimulate growt. of ditions leading to this result need further clarification and
glabratadirectly. Gomez et al. (1990) observed a declinBeld evidence. Nevertheless, detailed studies of the inter-
in numbers oB. glabrataraised withT. graniferain the action between these species in the conditions of the lo-
laboratory, the opposite result of this study. Converselgal environment are necessary prior to introductions. Such
Moné (1991) observed higher growth rateBafjlabrata  introductions could lead to a result opposite to that ex-
raised withM. tuberculatain agreement with this study. pected, i.e., the increase in the size of populatiors of
Moné (1991) also discussed the possible causes and sgigbrata Additional complications are the fact thdt
gested thal. tuberculatacould liberate a nutritive sub- tuberculatatransmits other parasites that cause diseases
stance that would stimulate growth&fglabratadirectly.  in humans (Pointier 1999), and that it may have unpredicted
Such substance may also stimulate the fecundity. of effects on the endemic fauna.
glabrata as observed in this study. The same phenom- REEERENCES
ena have been reported in other studies of competition
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