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by FRANK J. ETGES, Professor of Zoology, Department of Biological Sciences, University of Cincinnati,
Cincinnati, Ohio, USA, and LAWRENCE S. RrrcHIE, Chief, Parasitology Branch, US Army Tropical
Research Medical Laboratory, Fort Brooke, San Juan, Puerto Rico

Natural phenomena frequently reduce populations
of snail vectors of bilharziasis to a residuum. When
this occurs, the growth rate relative to attaining
maturity and the subsequent egg production are
important in restoring the population and presumably
in renewing transmission of the infection. The bio-
logical potential of Australorbis glabratus may have
been approximated in the studies of Ritchie et al.,a
when they found in laboratory culture that the newly
hatched of this species grew rapidly to 12-13 mm and
attained maturity in three weeks, and that after two
additional weeks attained near maximum egg produc-
tion of about 100 eggs per snail per day. Cognate
with these observations were those of Olivier &
Barbosa,b who effectively measured shell growth in
A. glabratus which had survived a prolonged period
of drought, since old and new shell structure were
easily distinguished in such snails. Their results
revealed rapid growth from 10 mm to 15.4 mm (one
complete whorl) in three weeks, growth from 3 mm
to 29 mm in two months, appearance of a new gener-
ation in about five weeks following " first rains ",
and restoration of a normal population in 50-60 days.
Information on the growth and fecundity of vector
snails is important to an understanding of the epide-
miology of the infection, to the development of
techniques of snail control and their evaluation, and
as a base line for laboratory and field studies involving
these snails (see, for instance, Chernin & Michelson c

on the effects of crowding on growth and fecundity).
In the course of field studies on the reproductive

activity of A. glabratus, an excellent study pond near
the San Juan International Airport became desic-
cated for 46 days and then refilled. This event marked
the shells of all surviving snails, and permitted
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measurements of growth to be made during the fol-
lowing 2.5 months. Fortunately, the relatively brief
dry period permitted survival of a wide size-range of
the snails and thus made it possible for growth
records to be made. Observations were also made on
reproduction and repopulation during the same
period.

Experimental methods and observations
The characteristics of the habitat we studied corre-

sponded to the optimum for A. glabratus as given by
Harry & Aldrich.d Favourable water qualities in-
cluded a pH of 7.0±0.2, no turbidity, favourable
shade, and temperatures of 22.0°C to 25.0°C. Before
it dried out, the habitat included a complete size-range
of snails with maximum sizes in excess of 28 mm.
After a period of 46 days, during which there was no
standing water in the pond, restoration to the normal
water level took place over a period of 3.5 days.
Immediately thereafter a group of 85 snails was
selected that represented the entire size-range of the
surviving population. While some snails of all sizes
had survived, most were of small to moderate size.
Subsequently, collections were made for growth
measurements on the 37th and 68th days after the
habitat refilled.
Growth was determined on the basis of both in-

crease in the number of shell whorls and increase in
shell diameter. The latter was measured with accu-
racy by means of a micrometer caliper when growth
was less than one body whorl. In excess of this, the
starting-point was obscured by the overlay of new
growth and was difficult to determine, but estimates
within 0.5 mm were made using a dissecting micro-
scope. To determine the increase in suture whorls
was easier (Fig. 1). When data for these two criteria
of growth were plotted, according to the plan used
in Fig. 2, the slopes of the curves were practically
identical. Consequently, only the data for increase
in diameter were used in preparing graphs.
During the post-flooding period, the growth rate

of field snails varied according to their original size,

d Harry, H. W. & Aldrich, D. V. (1958) Bull. Wld Hlth
Org., 18, 819-832.
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FIG. I
AUSTRALORBIS GLABRATUS SHELLS'SELECTED TO SHOW DIFFERENTIAL GROWTH RATE

UNDER FIELD CONDITIONS OVER 37 DAYSa
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smaller specimens growing more rapidly than larger
ones (Fig. 2). During a 37-day period, snails that
originally measured 2-4 mm grew about 10 mm in
diameter; 8-10 mm specimens showed increases of
7-8 mm; 14-16 mm snails grew 5mm; and snails
20mm in size increased only about 2 mm in diameter.

In order to compare the rate of growth of A.-gla-
bratus under field and laboratory conditions, a group
of 78 snails was collected from the study pond and
brought into the laboratory. The snails were meas-
ured by micrometer caliper and 10 in each of six non-
overlapping size-groups were selected for the test.

The starting-size of each snail was recorded and
marked by notching the left apertural margin of the
shell. The snails were reared in 10 US gallons (ca 30
litres) of filtered, aerated tap-water, which was
changed weekly. Food was introduced two to three
times daily, except Sundays, providing the maximum
that could be served without excessive bacterial
growth. The food was basically the formulation
described by Moore et al.,6 containing Cerophyl,

e Moore, D. V., Thillet, D. J., Carmey, D. M. & Meleney,
H. E. (1953) J. Parasit., 39, 215.
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FIG. 2
GROWTH RATES OBSERVED IN FIELD AND LABORATORY POPULATIONS OF A. GLABRATUS
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wheat-germ cereal, Glandex fish food, and powdered
milk in a ratio of 4:2:2: 1, respectively. No sodium
alginate was used, but food was given in small, moist
pellets which sank to the bottom quickly without
much dispersal. Accumulated faeces and uncon-
sumed food were removed almost daily between water
changes. After 40 days, 57 surviving snails were
separated according to their original size-groups and
measured. The mean size increase for each of the six
groups was then used to plot the laboratory growth
curve (Fig. 2). The field and laboratory curves were
roughly parallel, but the level of the laboratory curve
was lower than that of the field curve. Laboratory
observations on these field snails were not extended
beyond the 40-day limit. Field snails collected on
the 68th day gave a growth curve that was parallel to
but higher than that obtained with data from the
37th day collection shown in Fig. 2.
Taking the three sets of diameter measurements

obtained for snails on days 0, 37, and 68, it was pos-
sible to show the progressive change in population
size-array at these three points in time (Fig. 3). For
the initial measurements the size mode was clearly
defined at 1 mm to 2.9 mm, while 37 days later it was
11 mm to 12.9 mm-an increase of about 10 mm.
From the 37th to the 68th day, the increase in size
mode was only 2mm. There was no evidence of a new
generation after the water was restored until after

FIG. 3
POPULATION ARRAYS IN A FIELD POPULATION
OF A. GLABRATUS AFTER A 46-DAY PERIOD
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a Note the rapid growth In the first interval (37 days) and the
delayed appearance of the flrst post-flooding generation after
68 days.
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nine weeks, and it is represented by the four smallest
size groups in the bottom part of Fig. 3. Weekly egg
collections were made from the habitat throughout
the entire post-flooding period. The numbers of eggs
occurring and their hatchability and growth in the
laboratory were entirely normal. It is apparent that
there was a poor correlation between egg production
and population increase under field conditions.

Discussion

The present study, patterned after that of Olivier
& Barbosa,b is concerned with growth, egg pro-
duction, and repopulation by a sparse snail popu-
lation after water had been restored to a completely
dried habitat. The primary difference between the
two studies was that the habitats studied by the above
authors were dry for more than five months, whereas
in our study dryness lasted for only 46 days. Conse-
quently, there was better survival in our snail popu-
lation, making it possible to obtain differential growth
rates for a more inclusive size-array of surviving
snails. Our observations confirmed that younger
snails have a better survival potential than older
specimens under these conditions. In Olivier & Bar-
bosa's study, snails were found to grow from 10 mm
to 15.4mm in 22 days, while in the present population
10-mm snails grew more than 7mm in 37 days (Fig. 2).
While the growth of our field snails transplanted
into laboratory culture was found to be somewhat
less than that of snails left in their natural habitat,
Ritchie et al.a have shown that laboratory-reared
strains of A. glabratus can grow even more rapidly
than the present field population.

Relative to the restoration of the snail population,
while egg-laying and hatching in the field appeared
to be normal, we observed no new snails in the collec-
tion made 37 days after the water was restored to the
pond, and there were only a few small specimens
after 68 days. In contrast, Olivier & Barbosa b ob-
served many snails of a new generation up to 15 mm
in diameter by 35 days, with near-maximum popu-
lations after 50-60 days. Their observations suggest
that two new generations were required to restore a
nearly normal population, or about 30 days per
generation as demonstrated in laboratory culture by
Ritchie et al.a. The greater time-lag between first

rains and the appearance of new snails in our field
colony warrants the contention that the time required
for restoration of a snail population is not constant,
and probably varies with specific environmental
conditions.
We also observed the production of large numbers

of viable eggs in our study site, even though actual
propagation was not occurring, as did Olivier &
Barbosa, but in their study this happened mainly
after the population had been restored. In this
regard we may have provided some clarification for
their statement that, '. . . enormous numbers of
A. glabratus eggs were seen on the lily pads in the
pool and yet no new generation of snails appeared
in the following waeks. Either the snails failed to
emerge from these egg masses, or the snails, once
they emerged, failed to survive and take their place
in the colony". We took eggs from the field to the
laboratory repeatedly and maintained them in water
from their habitat. Under these conditions the eggs
matured and hatched and the young snails grew
normally, indicating that the eggs were not defective.
Further corroboration was the frequent finding of
egg masses from which young snails were emerging
in the study habitat. It is concluded that the factor
(or factors) responsible for inhibiting the new
generation acts against newly hatched snails and not
on their embryonic stages. Such action is probably
distinct from the well-known effects of poor water
quality, algal and microbial growth and crowding
on the development and hatching of snails. Since the
field population was relatively sparse, it does not
seem likely that a population density inhibition of
new snails, as is often seen in mass laboratory
cultures, is involved either. It is possible that the
report of a growth- and reproduction-inhibiting
substance isolated from waters with natural snail
populations, by Berrie & Visser,f may have some
bearing on this problem. The observation of Harry&
Aldrich d in Puerto Rico of three well-defined modal
sizes for A. glabratus populations (small, medium,
and large), associated with three distinct types of
habitat, also suggests some dramatic role that the
environment plays in the expression of the growth
potential in these snails.

f Berrie, A. D. & Visser, S. A. (1963) Physiol. Zool., 36,
167.


