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EGG-LAYING INDUCED BY INSEMINATION IN BIOMPHALARIA SNAILS

W. LOBATO PARAENSE*

Departatento de Malacologia, Instituto Oswaldo Cruz, Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, Brasil

Contrasting with many populations of Biomphalaria glabrata and B. straminea previously
dealt with in this laboratory, which when reared in isolation deposit self-fertilized eggs without
apparent restraint, isolated individuals of the former species from Sdo SebastiGo do Passé, Bahia
state, and of the latter from Porto Alegre, Rio Grande do Sul state, show a high degree of self-
sterility, laying egg capsules with a few usually abortive, rarely viable egg cells, or just jellylike
masses without egg cells. When two such individuals are paired they readily copulate, usually
within 24 hr deposit one or more egg capsules containing many eggs, and egg-laying continues
up to exhaustion of stored allosperm. So far this aspect of reproductive biology has been only
observed in a number of populations of the planorbid species Helisoma duryi, and should be
viewed as a populational rather than specific characteristic. Since sterility is not overcome by
courlship, copulation and insemination by individuals of a different species, the stimulating
factor that causes ovulation in the studied self-sterile individuals is considered to be present in
the conspecific allosperm.
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In a previous study (Paraense & Corréa,
1988) it was observed that specimens of
Helisoma duryi from five distant populations
in Brazil, Peruy, Costa Rica, St Vincent and St
Croix, reared in i1solation for 150 days, pro-
duced small egg capsules containing at most 4
eggs each, The number of eggs laid by 10
specimens from each population were respec-
tively (viable eggs in parentheses): 5 (0), 44
(26), 15 (7), 38 (0) and 1 (1). As regards the
samples from Brazil and St Vincent, these data
confirmed the findings of previous authors on
the inability of H. duryi to reproduce by selfing
(DeWitt & Sloan, 1959; Madsen et al., 1983).
As to the samples from Peru, Costa Rica and
St Croix, however, a vaniable although low
degree of selfing was observed. Not infre-
quently were jellylike masses deposited by
snails of any sample, either egg-layers or not.
Many such masses contained all components
of an egg capsule, including or not albumen
vesicles, but without egg cells. When two iso-
lated snails from the same population were
patred, several egg capsules containing many
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eggs were laid by each specimen on the next
day after copulation, and egg-laying continued
regularly.

Those results were interpreted as indicative
that “self-fertilization is not so efficient an al-
ternative mode of reproduction in H. duryi as
in many other planorbids, e.g. Biomphalaria
glabrata”. As a matter of fact, all Neotropical
species of Biomphalaria so far kept in this
laboratory (glabrata, tenagophila, peregrina,
straminea, schrammi, intermedia, amazonica,
oligoza and occidentalis) had proved efficient
self-fertilizers. Further experiments, however,
revealed some exceptions to that rule which
are reported below.

MATERIAL AND METHODS

In November 1991 1 tried crossing experi-
ments using Biomphalaria glabrata descended
from specimens collected from marginal pools
along the niver Jacuipe at the town of Sio
Sebastido do Passe (SSP), state of Bahia. Con-
trasting with all previously tested specimens
from numerous populations of that species,
which when reared in isolation regularly ovi-
posit on reaching about 8 mm in shell diam-
eter, and proceed laying usually one daily
capsule with a number of eggs, the isolated
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SSP snails laid, later than usual (above 10 mm
in diameter), either small capsules with a few
eggs, or albumen globules without egg cells,
or just the jellylike envelope of the egg cap-
sule. Forty such specimens were paired off
into couples for 12 hr and then observed sepa-
rately for about 100 to 200 days, during which
period they were rejoined two or three times.
Two of those couples were formed by a ho-
mozygous pigmented specimen and an albino
(homozygous, of course),

Similar experiments were carried out with
40 Biomphalaria straminea descended from
specimens collected from a marshy vacant lot,
referred to as “Estagido B 10”7 in DMAE (1975)
Report, at the crossing of Bento Gongalves
avenue and Albion street, in Porto Alegre city
(POA), state of Rio Grande do Sul, and which
when reared in i1solation showed the same
pattern of egg production as in SSP B. glabrata.

The room temperature varied from 20° to
31 °C dunng the observation period. Snails
were fed lettuce.

Egg capsules were deposited on the under-
side of floating Styrofoam tablets (sometimes
on the aquarium wall), from which they were
removed to small petrt dishes with aquarium
water for examination under the stereomicro-
scope. Eggs were considered inviable when
they failed to divide or stopped development
at any stage before hatching. Viable eggs, there-
fore, were those that developed to hatching.
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Hatching rate was assessed in about 1,000
eggs from each of 10 specimens of either group
kept at 25 £ 1 °C.

RESULTS

Fig. 1 1s representative of the results of
crossing experiments with SSP B. glabrata.
One albino specimen, reared n 1solation, on
reaching 10 mm in diameter laid a small cap-
sule with a single albumen globule without
egg cell, On the following 54 days it laid eight
additional capsules: 6 with one albumen glob-
ule, 1 with two, and 1 with and inviable egg.
On the 55th day (0 day of Fig. 1), measuring
14 mm in diameter, it was mated at 8:00 AM
with a pigmented sibling that had previously
deposited 19 capsules without egg cells, and
copulation readily took place, At 8:00 PM it
was separated from its mate, and as of the next
morning one or two capsules with 8 to 65 eggs
were laid nearly every day up to day 70, when
egg production stopped to be resumed after a
second pairing with the same mate on day 79,
Further periods of decline in egg production
followed by fertile matings are recorded twice
on Fig. 1.

A similar trend was shown by the mate of
the specimen of Fig. 1 and by the 38 speci-
mens of the remaining couples. A hatching
rate of 91.6% was recorded among 11,148 eggs
from 10 specimens.

A typical result of crossing experiments with
POA B. straminea is shown in Fig. 2. The
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Fig. |: egg-laying by specimen of Biomphalaria glabrata trom Sio Sebastiio do Passe, reared in isolation and self-
sterile up to 121 days old, when it was mated with a sibling (0 day). Oviposition started within 24 hr, lasting 69
days up to exhaustion of stored allosperm. Further matings, on days 79, 148 and 216, restablished oviposition for

additional periods.
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Fig. 2: egg-laying by specimen of Biomphalaria straminea from Porto Alegre, reared in 1solation and self-sterile
up to 134 days old, when it was mated with a sibling (0 day}. Oviposition started within 24 hr, lasting 46 days.
Further matings, on days 57 and 116, restablished oviposition for additional periods.
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Days after mating

Fig. 3: daily egg-laying by albino Biomphalaria glabrata from Santa Luzia, Minas Gerais state, reared in isolation
and producing selfed eggs (developing into albino embryos} up to 0 day, when it was inseminated by a homozygous
pigmented mate, and then isolated again. Soon after mating it turned to cross-fertilization, producing exclusively
pigmented embryos from days 3 to 48. As of day 49 albino embryos appeared in increasing proportion among
pigmented ones indicating gradual depletion of allosperm store which became exhausted on day 81. From day 49
on, the snail made up for the decrease of available allosperm by fertilizing its egg surpius with its own sperm.

specimen in question, reared in isolation, laid later, copulation having occurred, the couple
no eggs until 134 days old (8 mm in diameter), was separated. As with SSP B. glabrata, recur-
when 1t was mated at 8:00 AM with a sibling ring cycles of egg production immediately af-
- that had previously deposited five capsules with  ter mating, followed by cessation of egg lay-
1 egg each (3 viable, 2 inviable). Twelve hours  ing, were observed with POA B. straminea. A
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hatching rate of 88.4% was recorded among
10,243 eggs from 10 specimens.

DISCUSSION

Self-fertilization has been observed in many
families of pulmonate gastropods. Among the
Planorbidae (see literature in Paraense &
Corréa, 1988) selfing 1s widely practiced by
all hitherto investigated spectes, with the only
known exception of Helisoma duryi, in which
just a small minonty of individuals produce a
few viable selfed hatchlings (Paraense &
Corréa, 1988). To my knowledge, this is the
first record of seif-sterility in species of the
genus Biomphalaria. Such condition, though
dominant in the two studied populations, is
not absolute, since a small minority of selfed
eggs developed to hatch.,

In a previous paper about fertilization in 5.
glabrata (Paraense, 1955) it was shown that
the allosperm introduced during copulation into
the female tract of a snail are stored up to be
used for a number of weeks, after which time
selfed eggs are laid in increasing proportion as
a result of gradual depletion of the allosperm
store, as represented in Fig, 3. If the snail
involved were unable to self-fertilize, it would
stop egg-laying on the 82nd day after copula-
tion, as it occurred on day 70 of Fig. 1. It
would be reasonable, therefore, to suppose that
cessation of egg-laying in the specimens of
Figs 1 and 2 had resulted from exhaustion of
stored allosperm. Such hypothesis is supported
by the fact that only pigmented embryos were
produced by the two albino mates throughout
the crossing experiments, one of such albinos
being that of Fig. 1.

Geraerts & Joosse (1984) misquoted Marcus
& Marcus (1963) as having observed produc-
tion of egg masses soon after mating by the
ellobiids Melampus coffeus and Detracia
parana. The only passage of the latter authors
that might be so interpreted reads as follows
(p. 42): “In our dishes set up with material
from the shore they [the spawns] were found
also on the nearly dry uppermost leaves, whose
level corresponds to about spring tide high
water-line. Generally two spawns were laid
close together, and two snails of M. coffeus or
D. parana sat near them, as if they had mated
recently” (italics mine).

Mating as a short-term stimulus for ovipo-
sition in snails seems to have been only ob-
served 1n Helisoma duryi. As reported by
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DeWitt & Sloan (1959), two individuals iso-
lated for 379 days without laying an egg were
paired on the 380th day and egg production
began within a few hours, Similar observation
was made by Madsen et al. (1983) in single
snails kept in isolation which, when paired,
started oviposition within 24-48 hr after copu-
lation, often laying 2-3 egg capsules each with
>0-80 eggs dunng the first days; as in our
experiments, high egg-laying occurred when
snails were paired again after cessation of
oviposition caused by depletion of stored
allosperm.

As demonstrated by Kits (1980), ovulation
and oviposition in Lymnaea stagnalis are in-
duced by a hormone produced by the
caudodorsal cells of the cerebral ganglia.
Stimulation of those cells triggers a discharge
which causes ovulation within 5 min. In all
likelthood such a neuroendocrine reflex also
operates 1n H. duryi and in the two popula-
tions of Biomphalaria now investigated. If so,
the effective factor of the mating stimulus must
be sought in the allosperm. In fact, courtship
and copulation occur between SSP B. glabrata
and B. fenagophila or B. straminea, and be-
tween POA B. straminea and B. glabrata or B.
tenagophila, without inducing oviposition in
SSP or POA snails, whereas in these experi-
ments the mates of SSP and POA normally lay
selfed eggs. It may be concluded, therefore,
that the stimulating factor must be present in
the conspecific allosperm.

From the above observations it can be
concluded that the two studied populations of
B. glabrata (SSP) and B. straminea (POA)
constitute, together with Helisoma duryi, ex-
ceptions to the general rule that planorbid snails
are unrestrained self-fertile organisms, At least
as concerns those two species of Biomphalaria,
selfing capacity is so highly restrained in the
SSP and POA snatils that should be viewed as

a populational rather than specific character.,

Observations on the reproductive biology
of basommatophoran snails reared in isolation
have been confined almost exclusively to in-
vestigations on self-fertilization using samples
of a few selected populations. It will not be
surprising that other populations of the species
herein concerned and of other species happen
to show some degree of self-infertility.
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