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Effect of Helisoma duryi on the survival, growth,
and cercarial production of Schistosoma mansoni-
infected Biomphalaria glabrata *
FLEMMING FRANDSEN I & NIELS 0. CHRISTENSEN 2

Biological control of the intermediate hosts of S. mansoni and S. haematobium by
means ofa competitor snail, Helisoma duryi, has been suggested. In the present laboratory
study, information was obtained concerning the interspecific competition between H. duryi
and B. glabrata. The results indicated that the growth rate, mortality rate, and cercarial
production of S. mansoni-infected B. glabrata were highly influenced by H. duryi. These
observations agree with results obtained in earlier experiments concerning the interspecific
competition between H. duryi and S. mansoni-infected B. pfeifferi. The exact characteris-
tics ofthe influencing factor have not yet been determined, but the observations indicated that
H. duryi could possibly be used as a biological control agent.

As part of an investigation at the Danish Bilhar-
ziasis Laboratory into the use of competition among
closely related species of snails as a method of
biological control, preliminary studies were carried
out on interspecific competition between H. duryi
and B. glabrata under laboratory conditions. This
paper presents the results of a study on reduction in
the cercarial production of S. mansoni-infected
B. glabrata.

MATERIALS AND METHODS

Strain ofparasite and type of snail
S. mansoni and B. glabrata were received from

St. Lucia, West Indies in 1967. The schistosome
strain was maintained in female white mice (NMRI
strain) and B. glabrata as the final and intermediate
hosts, respectively.
The control snail was H. duryi, imported from

Florida, USA, and maintained at the laboratory
since 1964. Within each experiment, all B. glabrata
were obtained from the same stock colony of snails;
this was also the case for H. duryi.
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Experimental design

The infection procedure was as described by
Frandsen (1, 2). Each snail was exposed to 5 or
8 miracidia. The size of the aquarium and the
quantity of food were adjusted to the number of
snails; 3 litres of water were allowed for every
8 snails.

Series I

B. glabrata were each exposed to 8 miracidia in
the absence of H. duryi and the two snail species
were kept separate until 40 days after exposure. At
this time, the cercarial production for each infected
snail was determined and the snails then placed in
groups of equal size in which the snails had a
roughly comparable production of cercariae. The
experimental design and results are as shown in
Table 1. Observations of the following parameters
were made: the production of cercariae for indi-
vidual B. glabrata; the number of dead B. glabrata
and H. duryi; and the live weight and reproductive
capacity for both snail species. These data were
collected regularly every 7 days during the experi-
mental period. The cercarial production per test
group during the experimental period was estimated
by multiplying the total production at each count by
the number of days between the counts, followed by
a summation of these figures.
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Table 1. Results for series I

E Biompha- Average live weight S aft Total repro- Total cercarial Cercarial
Experi- lxperi- aria (mg) at: urvivors afer: duction production for production
nt m eontal Helisoma (juvenile the experimen- per positivegroup (No.) 30 days 70 days 120 days 70 days 120 days snails) tal group snail

A 1 0/12 -/42 -/145 -/219 -/12 -/10 -/70 -

2 12/0 41/- 212/- 265/- 12/- 12/- 24/- - -

3 12a/0 47/- 159/- 166/- 11/- 5/- 0/- 923290 76 940

4 6 a/6 43/59 83/223 98/327 3/6 1/3 0/160 129415 21 569

5 6 a/6 44/62 102/211 206/290 1/5 1/4 0/256 109 485 18 248

6 6/6 44/62 228/146 307/214 6/4 6/2 0/36 - -

7 6/6 43/57 219/237 253/277 6/5 6/5 0/73 -

B 1 0/8 -/114 -/189 -/245 -/8 -/8 -/8 - -

2 8 a/0 79/- 88/- 167/- 8/0 8/0 0/- 286 311 35 790

3 9 a/9 100/100 143/135 /173 5/9 1/9 0/0 139 178 15 464

C 1 6 a/- 4/- 3/- 73 916 12 319

2 6 a/8 4/8 1/8 29 432 4 909

a Infected B. glabrata.

Series II

B. glabrata and H. duryi were exposed together in
bowls containing 150 ml of water per 20 snails. The
miracidia were introduced en masse at a ratio of
5 miracidia per snail. A control group of B. glabrata
was exposed alone under the conditions described
for the test group. The snails in the test group were
kept together from the start of the prepatent period
to the end of the experiment. The snails were first
examined 30 days after exposure and then at regular
intervals of 4 days. The following data were noted:
number of infected snails; the cercarial production
for each snail; the number of dead B. glabrata and
H. duryi; and the diameter of B. glabrata. The
cercarial production was determined as described
above for series I.

RESULTS AND DISCUSSION

Series I

As shown in Table 1, the production of cercariae
per exposed snail in the test group during the
experimental period was remarkably low in compari-
son with that of the control group. This pattern was
observed in all three experiments. The reduction in
cercarial production was due to higher mortality and
lower cercarial production per snail in the test

group, and began 7 days after the start of the
experiments. The average live weight of infected
B. glabrata 60 days after the beginning of the
experiments was lower for the snails in the test
groups than for those in the control groups.
H. duryi kept with noninfected B. glabrata did

not influence the mortality rate, live weight, or
diameter of B. glabrata. However, in contrast to the
control group, noninfected B. glabrata kept with
H. duryi failed to reproduce. Unfortunately, the
available data concerning this problem were rather
limited and further investigation is required.

Series II
The infection rates for the test and control groups

were comparable (Table 2), but the test group had a
much higher mortality. The average diameter of
B. glabrata, measured 37 days after exposure, was
smaller for the test than for the control group.
Cercarial production in the test group was very low
in comparison with that of the control group; this
was due to the increasing mortality of the test snails
and to the fact that, on average, each infected snail
produced fewer cercariae during the experimental
period than each control snail.
The results obtained in these experiments clearly

showed that the growth rate, mortality, and cercarial
production of infected B. glabrata were highly influ-
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Table 2. Results for series 11

No. of snails exposed No. of infected Mortality at: Average diameter Total cercarialExperiment to 100 miracidia snails at day 30 aftrof B. glabrata the experimental
30 days 52 days afe 7dy m) period (52 days)

Control group 20 B. glabrata 17 15 35 6.9 109 432
(dia. 2.5 mm)

Test group 20 B. glabrata 17 15 100 4.5 4908
(dia. 2.5 mm)

20 H. duryi 5 10

enced by the presence of H. duryi. These observa-
tions agree with the results obtained by Frandsen (2)
concerning the interspecific competition between
H. duryi and B. pfeifferi. The exact characteristics of
the influencing factor has not yet been determined,

but the observations indicated that, under labora-
tory conditions, H. duryi has an influence on the
mortality and cercarial production of infected B. gla-
brata, and that this species might possibly be used as
a biological control agent.
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RESUME

EFFET DE HELISOMA DURYI SUR LA SURVIE, LA CROISSANCE, ET LA PRODUCTION DE CERCAIRES
CHEZ BIOMPHALARIA GLABRATA INFECTE DE SCHISTOSOMA MANSONI

Des etudes ont et effectuees sur l'eventuelle compe-
tition interspecifique entre Helisoma duryi et Biom-
phalaria glabrata dans les conditions du laboratoire.
On a observe que le taux de croissance, le taux de

mortalite et la production de cercaires chez B. glabrata
infect6 de Schistosoma mansoni 6taient fortement
influences par la presence de H. duryi.

Lorsqu'on introduisait dans le m8me aquarium des
nombres egaux de B. glabrata infectes et de H. duryi,
40 jours apres l'exposition de B. glabrata aux miracidies,
la production de cercaires par mollusque expose au cours
de la p6riode exp6rimentale etait remarquablement faible
dans les groupes d'epreuve par comparaison avec la
production des groupes t6moins. Des r6sultats du m8me
type ont ete observes dans les trois experiences. La reduc-
tion de la production de cercaires dans les groupes
d'epreuve etait due a un taux de mortalite' accru ainsi
qu'a un abaissement de la production de cercaires par
mollusque, abaissement qui commencait 7 jours apres le
debut des experiences.
Lorsque H. duryi et B. glabrata etaient exposes

ensemble, puis conserves ensemble depuis le debut de la

periode prepatente jusqu'a la fin de l'experience, les taux
d'infection dans le groupe d'epreuve et dans le groupe
temoin 6taient comparables. Neanmoins, il y avait un
taux de mortalite remarquablement 6leve dans le groupe
d'epreuve; la production de cercaires y 6tait tres faible
(en comparaison avec celle du groupe t6moin) en raison
de l'accroissement du taux de mortalit6 et du fait que
chaque mollusque infect6 du groupe d'6preuve produisait
moins de cercaires pendant la periode d'exp6rience que
les mollusques du groupe t6moin.
H. duryi maintenu avec des B. glabrata non infectes

n'influencait pas le taux de croissance, le poids de
B. glabrata vivant ou son taux de mortalit6.

Les effets nocifs observ6s chez les B. glabrata infect6s
en presence de H. duryi indiquent que ce dernier influe
sur le metabolisme de B. glabrata. Les caracteristiques
exactes du ou des facteurs en cause n'ont pas encore et6
determin6es, mais cette constatation d'une comp6tition
intersp6cifique entre H. duryi et B. glabrata infect6 de
S. mansoni dans les conditions du laboratoire donne &
penser que H. duryi pourrait sans doute 8tre utilis6
comme agent de lutte biologique.
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