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INFLUENCE OF TEMPERATURE ON SURVIVAL, GROWTH AND FECUNDITY
OF THE FRESHWATER SNAIL INDOPLANQORBIS EXUSTUS (DESHAYES)

S. K. RAUT; M. S. RAHMAN & S, K. SAMANTA

Ecology and Ethology Laboratory, Department of Zoology, University of Calcutta, 35
Ballygunge Circular Road, Calcutta 700 019, India

To note the effect of temperature on survival, growth and fecundity, newly hatched (zero day
old) snails Indoplanorbis exustus were cultured at 10°, 159, 20° 25° 30° and 35 °C constant
temperatures and room temperature (17.5° — 32.5 °C). Individuals exposed to 10 °C died within
3 days while those reared at 15°, 20°, 25°, 30° 35 °C and room temperature survived for a
period of 6, 27, 18, 16, 12 and 17 weeks respectively. An individual added on an average 0.21
mm and 0.45 mg, 0.35 mm and 7.94 mg, 0.63 mm and 15.5 mg, 0.81 mm and 27.18 mg, 1.07
mm and 41.48 mg and 0.78 mm and 31.2 mg fo the shell diameter and body weight respectively
at those temperatures per week. The snails cultured at 15 °C died prior to attainment of sexual
maturity. On an average, an individual produced 31.9 and 582.77, 54.86 and 902.18, 56.01 and
968.45, 49.32 and 798.68 and 62.34 and 1143.97 capsules and eggs respectively at 20°, 25°,
30°, 35 °C and room temperature (17.5° — 32.5 °C).
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The freshwater snails Indoplanorbis exustus
(Deshayes) are registered intermediate hosts of
helminth worms causing diseases in man and
his domestic animals (Liston & Soparkar, 1918;
Rao, 1933; Chatterjee, 1952; Malek & Cheng,
1974; Ghosh & Chauhan, 1975; Godan, 1983;
Raut, 1986). They are found in large numbers
in the ponds, ditches, lakes, streams and canals
of India (Subba Rao, 1989). Since snail-borne
diseases are serious threat to human health and
livestock efforts are being paid to note the
natural history of these snails occurring under
varying ecological conditions with a view to
devising suitable control measure. However,
scanty information on the life cycle of I exustus
15 available from the studies of Brumpt (1936),
Durami & Chaudhury (1967) and Islam (1977),
and on the nature of egg capsules from the
observations of Raut & Ghosh (1985). As these
snalls are thriving well in water bodies having
a wide range of temperature, information on
their natural history under such conditions is
essential with a view to ascertaining the trend
of population build-up. Since the trend of popu-
lation growth rate of a species is dependent on
a number of biological parameters, in the first
step an attempt was made to note the rate of
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growth of the snail individuals as well as their
rate of egg production under different tem-
peratures, experimentally, in laboratory, and
the findings are described in this paper.

MATERIALS AND METHODS

To have the required number of newly
hatched snails a good number of healthy, sexu-
ally mature 1. exustus were collected from the
pond located in the Ballygunge Science Col-
lege campus, Calcutta University. They were
released into an aquarium 30 x 20 x 20 cm 1n
size. The aquarium was provided with pond
water up to 18 cm of its height. A few ex-
amples of Chara, Vallisneria and Ipomoea were
also kept in the water of the aquarium with a
view to providing resting support to the snails
and also substratum for deposition of egg cap-
sules. The snails were supplied with lettuce
leaves regularly as food. The snails deposited
egg capsules within a few days. These egg
capsules were collected from the aquarium
daily. They were kept inside a petri-dish con-
taining pond water. A number of petri-dishes
were thus used to keep the egg capsules in
respect to the date of deposition. In one petri-
dish 10-15 egg capsules deposited within a
period of 24 h of a day were kept together.
The water of the petri-dishes was changed
regularly for fresh pond water. Through con-
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stant watch newly hatched (zero day-old) snails
were 1solated regularly from the petri-dishes
and the required number, i.e. individuals when
available were considered for an experiment.
Accordingly 53, 44, 77, 64, 58, 50 and 65
individuals were released separately into 7 con-
tainers which were kept at 10°, 15°, 20°, 25°,
30°, 35 °C constant temperatures and room
temperature (17.5% — 32.5 °C), respectively,
for the studies of growth rate and egg laying
potentiality. In all the containers different types
of aquatic vegetation belonging to the above-
mentioned species were kept to provide rest-
ing and egg laying sites for the snails. Through-
out the experiment pond water was used. Let-
tuce and mustard leaves were supplied regu-
larly as food. A strict hygienic condition was
maintained throughout by changing the water
and by removing dead snails, faecal pellets
and the unconsumed food regularly.

Measurements of growth rate of the shell
diameter and total body weight were taken
weekly on 10 individuals selected at random
from the total snail individuals considered for
the studies. But when the individuals were
either 10 or less all of them were used for data
collection. In case of study of egg laying po-
tentiality the total number of egg capsules
produced by the individuals of the container
were recorded daily through constant watch.
The number of eggs present in these capsules
was also counted and recorded.

RESULTS

All the snalls exposed to 10 °C died within
3 days while the snails cultured at 15°, 20°,
25°, 30°, 35 °C constant temperatures survived
for a maximum period of 6, 27, 18, 16 and 12
weeks respectively. Those reared at room tem-
perature (17.5° — 32.5 °C) kept alive for 17
weeks. The snails cultured at 15 °C died prior
to attainment of sexual maturity while those
exposed to other temperatures survived for a
considerable length of time following attain-
ment of sexual maturity,

The snails exhibited a varying growth rate
while cultured at different temperatures (Fig.).
At 15 °C, of the 44 snails, only 4 survived up
to the 6th week. During this period they added
on the average 1.24 mm and 2.71 mg to the
initial 0.6 mm shell diameter and 0.12 mg
body weight. The zero day-old snails with an
average 0.7 £ 0.031 mm shell diameter and
0.14 £ 0.009 mg body weight grew to 3.5 +

S. K. Raut et al.

SHELL DIAMETER
BODY WEIGHT -~ - - - — — - —

ROOM TEMPERATURE
(17°5-32'5°C)

1600
4400
1200
35°C 9600
1400
£ 1200
£
<
)
o o - o -
& 15 30°C 600 ©
E ~
= 10 1400 =<
< m
£ g 1200 €
—J —
- _
L:;:.I ' =
n 151 25°C 1600 3
0} 4400
5 4200
15 20°C 1600
10} - g 1 —1—34/00
5 - I S PLO]e

12 16 20 24 28
WEEKS

Weekly rate of growth in shell diameter and body weight in
Indopianorbis exustus maintained at different temperatures
throughout the life span.

0.16 mm and 21.62 + 3.06 mg within a period
of 6 weeks while cultured at 20 °C. Those 5
snails survived for 27 weeks, when they mea-
sured on an average 10.1 = 0.12 mm in shell
diameter and 214.61 + 6.11 mg in body weight.
The snails of zero day-old with a mean of 0.78
+ (.04 mm shell diameter and 0.154 + 0.005
mg in body weight attained 6.0 £ 0.57 mm in
shell diameter and 61.9 + 4.9 mg in body weight
by the end of 6th week while cultured
at 25 °C. Of the 64 snails only 3 survived for
18 weeks. They grew to 12.2 + 0.29 mm in
shell diameter and 279.18 + 11.65 mg in body
weight. The snails cultured at 30 °C grew to
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TABLE

Fecundity in Indoplanorbis exustus in respect to temperature (°C)

Number of Number of individuals

Duration of  Total number Average production

Tempgrature snails taken on reproduction  of production per individual
(Y'C) at period
zero-day T;gt 1‘; i};n{:‘ I;gsgt ia;;nngf (days) capsule egg  capsule egg
10 33 a — — - - — —
15 44 a — — — — - -
20 77 53 7 57 940 17162 3190 582.77
25 64 31 8 50 1017 16880 34.86 902.18
30 58 11 9 23 569 9863 56.01 968.45
35 50 6 4 16 253 4154 4932 798.68
Room
temperature 65 22 2 49 679 12171 62.34 1143.97
(17.5-32.5)

a. snatls died prior to the age of attainment of sexual maturity,

16.3 £ 0.27 mm and 256.82 £ 12.34 mg within
a period of 6 weeks from an average of 0.81
+ 0.03 mm in shell diameter and 0.16 £ 0.003
mg in body weight at zero day. Out of 58
snails of zero day-old only 2 survived for 16
weeks. They were on the average 13.75 £ 0.75
mm and 435.00 £ 24.00 mg in shell diameter
and body weight respectively. The zero day-
old snails with an aveerage 0.9 £ 0.02 mm and
(0.27 % 0.04 mg 1n shell diameter and body
weight grew to 9.7 £ (.22 mm and 222.2] £
17.35 mg within a period of 6 weeks and to
13.75 £ 0.75 mm and 498.00 £ 29.00 mg within
a period of 12 weeks respectively in shell di-
ameter and body weight while maintained at
35 °C. Out of 50 individvals of zero day-old
only 2 survived for 12 weeks. A total of 65
snails of zero day-old, with an average 0.92 +
0.02 mm and 0.15 £ 0.01 mg in sheli diameter
and body weight were cultured under labora-
tory conditions (17.5° — 32.5 °C temperatures).
They grew to 10.15 + 0.28 mm and 282.1 +
18.29 mg in shell diameter and body weight
respectively within a period of 6 weeks. Out
of these snails only 4 survived for 17 weeks
and the average measurements of shell diam-

eter and body weight were 14.2 £ 0.4 mm and
530.5 + 29.5 mg respectively.

The snails maintamed at 15 °C did not
produce any egg capsule within a period of 42
days. At 20°, 25°, 30° 35 °C and room tem-
perature (17.5° — 32.5 °C) they became sexu-
ally mature at the age of 127, 69, 49, 56 and
58 days respectively. Of the 77 snails exposed
to 20 °C, 53 survived vp to sexual maturity.
Egg laying was continued for a period of 57

days. But durning that period 46 individuals
died and the remaining 7 stopped deposition
of egg capsules on and from the 58th day,
dying within the next 5 days. They laid a total
of 17,162 eggs in 940 capsules. On an average
an mmdividual laid 582.77 eggs in 31.90 cap-
sules 1n 1ts life span. At 25 °C, of the 64 snails
31 survived up to sexual maturity. They con-
tinued deposition of egg capsules daily, for a
period of 50 days, depositing a total of {6,880
eggs in 1,017 capsules. This means that an
individual, on an average, produced 18.043
eggs in 1.097 capsules per day. Of the 58
individuals exposed to 30 °C only 11 survived
to take part in reproduction. Since the day of
attainment of sexual maturity at the age ot 49
days egg capsules bearing eggs were obtained
daily for a period of 23 days and an individual
on an average laid 968.45 eggs in 56.01 cap-
sules in its life span. At 35 °C only 6 out of
50 individuals survived to take part in repro-
duction. On an average an individual produced
798.68 eggs in 49.32 capsules n its life span.
Likewise, an individual deposited 1143.97 eggs
in 62.34 capsules in its 'ife span at room tem-
perature (Table).

DISCUSSION

From the results it appears that the snails /.
exustus are unable to complete their life cycle
at constant 10° and 15 °C water temperature.
However, they can thrive for a few weeks at
15 °C water temperature. At the other four
constant temperatures viz. 20° 25° 309 and
35 °C, though favourable for life-cycle activi-
ties, the rates of growth varied with the tem-
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peratures. The weekly mean growth rates were
0.35, 0.63, 0.81 and 1.07 mm in shell diameter
and 7.94, 15.5, 27.18 and 41.48 mg in body
welght respectively at 20°, 259, 30° and 35 °C.,
The snails though survived for 6 weeks added
on an average (.21 mm to the shell diameter
and 0.45 mg to the body weight per week
while exposed to 15 °C. At laboratory condi-
tions (17.5° — 32.5 °C) the average weekly
growth rates in shell diameter and body weight
were 0.78 mm and 31.2 mg respectively. It is
clear that the growth rates were gradually higher
with the gradual increase of temperature from
15 °C to 35 °C at an interval of 5§ °C. From
the weekly average data it is clear that the rate
of growth always becomes almost double, with
the increase of 5 °C temperature, than the in-
termediate preceding thermal grade.

Growth rates in freshwater gastropod mol-
luscs have been studied by a good number of
workers (vide, Hyman, 1967; Browne, 1978).
But studies on the effect of temperature on the
rate of growth and related parameters are lim-
ited to Chernin (1967), El-Hassan (1974),
Michelson (1961), Sturrock (1970), Foster
(1964), Shiff & Garnett (1967), Sturrock &
Sturrock (1972) and Vianey-Liaud (1982).
While all other workers are in opinion that
temperature plays important role in regulating
the growth rate in snails, Vianey-Liaud (1982)
has clearly indicated that the rate of growth in
shell diameter of Biomphalaria glabrata was
higher at 30 °C than at 25 °C. He also reported
that at 33 °C the young B. glabrata grew faster
than the adults. That higher but tolerable tem-
perature accelerates growth rates in snails is
well established from the studies on B. glabrata
and I exustus. Though data on the rates of
growth in snails at tolerable lowest to highest
temperature grades are not available for any
species, the present findings clearly indicate
that a constant 15 °C and or lower temperature
are not at all favourable for survival of the
snail I exustus.

The results of the present studies clearly
indicate that the rate of egg production in 7.
exustus is greatly influenced by temperature.
It 1s evident that the rate of egg production is
gradually increased with the rise of tempera-
ture from 20 °C to 30 °C at an interval of 5
°C. Temperature above 30 °C and more pre-
cisely a fixed 35 °C reduces the rate of egg
production but the rate was higher than that
noted at 20 °C. Though the rate of egg produc-
tion in I exustus was higher at 30 °C than that
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of 25 °C, as noted 1n the present study, Vianey-
Liaud (1982) has noted higher number of

eggs in B, glabrata at 25 °C than at 30 °C.
This indicates that the effect of temperature
also varies with the species. However, it can
safely be concluded that the rate of egg pro-
duction is always higher at natural i. e. fluc-
tuating temperatures. This is well evidenced
from the fact of production of highest number
of eggs by an individual of I exustus while
maintained at room temperature (17.5° — 32.5
°C). Since in India and more specifically in
the plains of West Bengal the temperatures of
pond and lake waters usually lie between
18° — 35 °C (except few hours during winter)
the snail I exustus would produce eggs in
maximum number so far as influence of tem-
perature 1s concerned.
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