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DYNAMIC OF POPULATION-DYNAMICS IN A MEDICALLY IMPORTANT SNAIL
SPECIES LYMNAEA (RADIX) LUTEOLA (LAMARCK)

T. K. MISRA & S. K RAUT

Ecology and Ethology Laboratory, Department of Zoology, University of Calcutta, 35 Ballygunge
Circular Road, Calcutta 700019, India

The life-cycle parameters of the snail Lymnaea (Radix) luteola and the factors influencing
the same have been studied under laboratory conditions. In each month, from July 1990 to June
1991, a batch of 100 zero-day old individuals were considered for studies. The snails of April
batch survived for 19.42 days while those in December batch survived for 87.45 days. The May
bafch individuals though survived for 65.67 days gained maximum shell size (15.84 mm in
length) and body weight (419.87 mg). All individuals of April batch died prior to attainment of
sexual maturity. In the remaining 11 batches the snails became sexually mature between 32 and
53 days. At this stage, they were with varying shell lengths, 9.3 mm to 13.11 mm in respect fo
batches. The reproduction period varied from [-67 days. An individual laid, on an average, 0.25
(March batch) to 443.67 (May baich) eggs in its life-span. A batch of such snails would leave
24312, 22520, 720268, 80408, 76067, 418165, 214, 9202, 0, 0, 24593806 and 127894 individuals
at the end of 352nd day. Since the environmental conditions were almost similar the 'dynamic’
of population dynamics seems to be involved with the ‘strain’ of the snail individuals of the
batches concerned.

Key words: Lymnaea (Radix) luteola — growth — natality — mortality — productivity - dynamic -
population — dynamics

Snail-borne diseases of men and anmimals
are buming problems throughout the world.
The role of certain freshwater snail species in
mediating such diseases 1s well established.
Considering the severity of these discases vari-
ous attempts are being made to control the
snail-hosts by different means but the results
are not encouraging. Now-a-days, to avoid
cnvirenmental hazards, attention is being paid
more towards the development of biological
control device than the process of standardiza-
tion needed for application of chemicals, Even,
after gaining sufficient knowledge on the biol-
ogy of certain snail spccies from the labora-
tory studies of numerous workers, it 1S not
being possible to keep the population densities
of the concerned snail species in check through
the use of effective controlling agents. The
possible reasons behind such fatlures are being
discussed by the workers from time to time,
Since, 1n most cases, the host-snail species arc
continuous breeders and there is every possi-
bility of getting a good number of individuals
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of different ages distributed in pre-reproduc-
tive, reproductive and post-reproductive groups,
data on the trend of population growth at dif-
ferent time points are essential to ascertain the
dynamics of the target snail population and
the factors, rather the ‘dynamic’ invelved with
the same. To-date, no such attempt is on record.
As the snails belonging to Lymnaeidae have a
world-wide distribution and their role 1n spread-
ing worm diseases 18 the objective of serious
concern, an attempt was made to study the
population dynamics of the lymnaecid snail
Lymnaea (Radix) luteola (Lamarck) occurring
in and around Calcutta, West Bengal, India.
Keeping 1in view to note the dynamic trigger-
ing the population dynamics of the said snail
species 1n respect to time of the year con-
cerned, the possible factors influencing the
process are also taken into account i1n the course
of experimental studies under laboratory con-
ditions.

MATERIALS AND METHODS

With a view to get the newly hatched in-
dividuals for experimental studies a good num-
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ber of sexually mature L. (R.) luteola were
collected from the pond located in the
Ballygunge Science College Campus, Calcuta
Untversity, Calcutta during June, 1990, They
were released into a plastic container (26 ¢m
in diameter) containing 3.5-4.0 1 of water
collected from the same pond. A few examples
of Chara, Vallisneria, Hydrilla and Ipomoea
were also released into the water of the con-
tainer to provide resting as well as egg laying
sites for the snails. The snails were supplied
with lettuce (Lactuca sativa) regularly as food.
The water of the contatner was changed regu-
larly by fresh pond water. The unconsumed
part of lettuce, dead snails if any and faecal
pellets were also removed regularly, at an in-
terval of 24 hr. The snails started egg laying
from the very next day. The egg capsules were
collected regularly. They were then kept in
small glass beakers and dated. The eggs hatched
within a few days, The newly hatched (zero-
day old) snails thus obtained were considered
for the following studies.

A total of 12 sets of experiments were
designed to study the life cycle parameters of
L. (R.) luteola. For each experiment 100 newly
hatched (zero-day old) individuals were con-
sidered. In all cases, for the convenience of
studies, at the 1nitial state, for a period of two
weeks they were maintained in a glass beaker
containing 750 ml pond water, After that, that
1s, on and from the third week, the snails were
transferred to a plastic container (26 cm in
diameter and 14 cm in depth) containing 3.5-
4.0 1 water. The 12 sets of experiments were
designed to record the vanability, if any, in
the life cycle parameters of L. (R.) luteola
borne during the first week of each month
from July 1990 to June 1991. And as such,
depending on the availability of the required
number of newly hatched (zero-day old) snails,
the experiments were initiated on July 1, Au-
gust 1, September 1, October 4, November 4,
December 6 of 1990 and January 7, February
5, March 3, April 2, May 1 and June 1 of
1991. The snails considered for experimental
studies were maintained carefully unti] the last
individual of each experiment was died.
Throughout the experiment pond water was
used and mustard (Brassica nigra) leaves were
supplied to the snails as food. A strict hygienic
condition was maintained throughout by re-
moving the unconsumed food matenals, by
changing water along with the dead snail indi-
viduals, if any, and the feacal pellets regu-
larly, at an interval of 24 hr.
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In the course of studies weekly measure-
ments on the rate of growth in shell length,
shell breadth and in total body weight of L.
(R.) luteola have been taken from any ten
individuals, selected at random from the ex-
perimental set. In cases where the number of
snails was reduced to nine and/or below, the
data were taken only from the available indi-
viduals of the respective experimental set, A
mean of such ten (sometimes less) readings
was considered as the final data. Also, in the
course of studies on the growth rates in L. (R.)
futeola, attention was given to note the shell
length, shell breadth and total body weight of
the individuals at the time of first egg-laying.
In all sets of expenment attention was given to
note the age of the individuals at the time of
first egg laying, the number of egg capsules
produced, the number of eggs present in each
capsule and the age of the individuals on the
day of deposition of the last egg capsule. Si-
multaneously, data on the age of each and all
individuals on the day of death, the time re-
quired for hatching eggs and the hatchability
of eggs have been noted regularly.

To ascertain the influence of physico-chemi-
cal factors on the life cycle parameters of L.
(R.) luteola, water used in each and all experi-
ments was analyzed and the concentrations of
chlonde, hardness (as determined by CaCOj,,
Ca"" and Mg*™™) and alkalinity were deter-
mined following the methods described in
Trivedy & Goel (1986). Data on temperature
of surface water of the container and the pH of
said water were taken regularly.

Statistical analysis of the data has been
made following Goon et al. (1987). Through-
out the text, the values given following + (plus/
minus) indicate standard error (S.E.).

RESULTS

Marked variations in growth rates and in
life cycle parameters have been noted in the
snail L. (R.) luteola in respect to the set of
experiments, Of the 12 sets of experiments the
snails considered for studies on 2 April 1991
did not survive beyond 60 days. Moreover,
they were unhealthy throughout and 50% indi-
viduals died within 16 days. None of them
attained sexual maturity.

The snails exhibited a varying rate of growth
in sheli length, shell breadth and total body
weight (Fig, 1). The maximum and minimum
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Vig. |: bi-weekly growth rates in Lymnaea (Radixy) luteola
during the entire life span of the individuals selected
for studies. [For experiment 100 zero-day old individu-
als were considered for studies by the first week of each
month and they were maintained separately, 1n respect
lo the batch of the snail and months concerned]. Arrows
indicate the imtiatton of egg laying. Vertical hines indi-
cate S.E.

addition to the length of the shell, breadth of
the shell and to the weight of the body were
1.63 mm, 0,99 mm and 38.17 mg, and 0.85
mn1, 0.5 mm and 8.53 mg respectively. On an
average, the snails added 1.63, 1.14, 1.25,1.32,
(.88, 0.85,0.93, 1.5, 1.31, 133, 1.44 and 1.14
mm to the length of the shell; 0.99, 0.72, (.82,
0.8, 0.56, 0.5, 0.56, 0.9, 0.78, 0.79, 0.84 and
0.71 mm to the breadth of the shell, and 27.42,
8.53, 14.16, 16.36, 17.04, 16.01, 14,76, 26.33,

11.57, 9.06, 38.17 and 23.57 mg to the weight
ot the body of L. (R.} luteola considered for
studies on July 1, August 1, September 1,
October 4, November 4, December 6, 1990,
January 7, February 5, March 3, April 2, May
1 and Junc 1, 1991 respectively, per week.
[rrespective of snail stocks and the months an
individual added, on the average 1.23 £ 0.07
mm, 0.75 £ 0.04 mm and 18.63 £ 2.41 mg to
the length of the shell, breadth of the shell and
weight of the body respectively, per weck, Of
the 12 sets of experiments, the snails consid-
ered for studies on November 4, December 6,
1990, May | and June 1, 1991 exhibited faster
rates of growth and attained maximum size
and weight (Fig. 1). Of those, the snails of
May 1991 batch, were largest 1n size (15.84
mm in shell length and 9.24 mm in shell
breadth) and weight (419.87 mg).

The snails became sexually mature (except
Apnl batch) at different ages in respect to the
sets of experiments conducted (Table I}). The
snails of July and September batches attained
sexual maturity at the age of 32 days while
those taken for other sets of experiments needed
more number of days but a maximum of 53
days {as 1n case of the snails of December
batch). Irrespective of snail batches and months
of the year L. (R.) lufeola required, on the
average 40,73 £ 2,01 days for attainment of -
sexual maturity. The snatls were of different
stzes at the time of attainment of sexual ma-
turity (Fig. 1, Table [}. Such discrepancies have
also been noted 1n the individuals who attained
maturity even on the same day 1.e., with same
age.

The snails of different batches had a ditfer-
ent length of reproductive period, from a mini-
mum | day to a maximum 67 days, on an
average 29.27 £ 5.39 days (Table I}. Likewisc,
in these snails the postreproductive penod
ranged from 2 to 25 (average 8.46 = 2.24)
days. Though a batch of 100 zero-day old snails
were considered for studies, 6 to 66 (average
39.0 £ 6.14) per cent individuals survived to
take part in reproduction. The snails deposited
a varying number of egg capsules as well as
cggs 1n repect to the batches taken during each
month (Table I). It 1s estimated that an indi-
vidual snail can produce, on an average 0.] to
9.33 egg capsules in its life span. The number
of cggs latd per individual also varied with the
snail batches (Table 1). A snail belonging to
March batch laid, on the average 0.25 cgg
(mimimum) and that one belonged to May batch



Data on the life cycle parameters of Lymnaea (Radix} luteols in respect to the months of the year July 1990 to June 1991,

TABLE |

[Experiments were conducted with 100 zero-day old individuals in each month]

LY

Month Life ¢ycle parameters
Attainment of sexual maturity Repro- Post- Individuals Numberof @ Number of Hatching Longevity
ductive TEpIo- survived up  egg capsules eggs laid/
Age Shell Shell Total period ductive to the age of  laid/indivi- individual Time Percent Range Mean £S.E.
(days) length breadth body {days) period attainment dual required hatched
weight {days) of sexual {days)
{mm) {mm) (mg) maturity
1990
July 32 12.03 7.17 154.14 21 02 48 0.71 18.25 7.5 96 33-54 47.2310.59
August 35 11.00 7.00 131.00 10 25 60 0.10 2.22 8.0 926 36-69 42351063
September 32 12.30 7.30 155.20 23 03 46 0.35 8.28 8.0 96 34-57 46.3920.90
October 35 11.08 6.50 119.00 22 11 49 0.10 1.71 8.0 95 38-67 48.6310.87
November 43 10.70 7.10 144.29 67 04 39 3.51 114.97 8.0 94 46-113 82,31 22.06
December 53 12.30 7.56 205.29 49 09 62 1.37 60.10 8.0 93 55-110 B87.45%1.56
1991
January 49 9.30 5.80 73.50 27 04 66 1.80 76.21 9.5 92 51-79  67.27%0.76
February 45 13.11 8.54 231.93 28 03 27 1.41 48.74 9.0 91 47715 59.04 £1.54
March 44 11.00 6.80 128.00 01 21 08 0.13 0.25 8.0 95 4565 48381225
April - — - — - - — — - 8.0 95 260 194211.16
May 37 11.64 7.06 148,93 48 03 06 9.33 443.67 7.0 95 45-87 65671722
June 43 11.34 6.89 137.86 26 08 18 3.78 131.61 8.0 95 55-76 66.00%1.11
Range 32-53 9.313.11 5.80-8.54  73.50-231.93 167 2-25 6-66 0.10-9.33 0.25-443.67 7.59.5 91-96 33-113
Mean £ S.E. 40,73 2201 11.50%0.29 7.0710.19 148.1%12.07 29.271+539 B846%224 390t6.14 2071079 823713692 B.O08+0.17 94421045 60.50 £0.88

—!indicates no trace of population.
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laid 443.67 eggs (maximum) during the life-
time, For a moment, if we i1gnore the months
or the snail batches, an individual laid, on the
average 82.37 £ 36.92 eggs (Table I). The
hatching period of eggs varied from 7.5 to 9.5
(average 8.08 + 0.17) days, The hatchability
percentages also varied from 91 to 96 (average
94 .42 + 0.45) as shown in Table I. Irrespective
of batches the snails survived for a peniod of
2-113 (average 60.5 £+ 0.88) days. From Table
I it 1s clear that the mean length of life of L.
(R.) luteola varied from 19.42 + 1,16 to 87.45
+ 1.56 days so far as the snails belonging to
different batches are concerned.

Since the rate of production of eggs in L.
(R.) luteola varied with the individuals 1n re-
spect to the batches of the snails considered
for 12 scts of experiments an attempt was made
to calculate the birth rate in respect to the age
of the snails with the progress of months of
the study year (Table II}. Considering the time
required for hatching eggs, and the length of
inter-clutching period the age specific birth rate
was calculated at an interval of 8 days. It s
evident that the snails belongmg to certain age
groups took part in reproduction 1n each month
except May. From an overall calculation, 1rre-
spective of months, 1t 1s revealed that the snails
produced individuals at a maximum rate in
their last phase of reproduction period (105-
112 days) while the same was mintmum at the
initial phase of reproduction (25-32 days)
(Table II). Survival rates in L. (R.) luteola also
varied with the ages and the months (Table
[II). The overall survival rates, irrespective of
months have also been presented in Table III.
Life table for L. (R.) luteola was constructed
for different batches of snails in respect to
months of the study year, It 1s evident that the
zero-day old snails are expected to survive for
a period of 14,16, 19,52, 21.6, 23.04, 28.08,
29.76,30.8,31.6,32.72,41.52,53.92 and 62.48
days if they were hatched on May 1, Apnl 2,
June 1, March 3, February 5, September 1,
July 1, October 4, August 1, November 4,
January 7 and December 6 of a year concerned
respectively (Table IV), It is also clear that the
expectation of life 1s only 4 days when the
snails of July, August, September, October,
November, December, January, February,
March, April, May and June batches are of 48,
64, 56,64, 112,104, 72,72, 64, 56, 80 and 72
days old respectively. Irrespective of months
and snail batches the zero-day old individuals
are expected to survive for a period of 32.03
days. But 64 days old individuals are expected

to survive for a pertod of another 15,6 days
and thosc that attained the age of 112 days are

expected to survive for a period of 4 days
more (Table 1V),

On the basis of the data regarding birth
ratc and death rate over 100 L. (R.) luteola
during the period of 12 months of the study
year the net rate of population growth 1n num-
ber has been calculated at an interval of 32
days and the figures are presented in Table V.
Since the snails are unable to deposit the first
egg capsule prior to the age of 32 days and the
eggs hatch after 8 days, the numbers presented
(7 to 83) against the months at the age of 32
days indicate the survival rates of the 100 zero-
day old individuals selected for studies. With
the progress of time the number of individuals
may 1ncrease (sometimes decrease) at differ-
ent rates in all months except March and April
when there would be no snail individual on
and from 96 days. From the calculation, it 1s
evident that a total of 2,459,386 individuals
would be seen on 352nd day it 100 zero-day
old snails are taken for culture by the first
week of May. Similarly, a varying number of
snails could be seen on that day in respect to
other months of a year (Table V). It is notable
that for a batch of 100 zero-day old snails, 1f
taken for studies on the first week of January,
the number would reach 1768 on 96th day. -
This would follow a decline through ups and
downs 1n number of individuals 1n the follow-
ing months and 214 individuals could be seen
on 352nd day (Table V). Based on the calcu-
lated data on the population size of L. (R.)
luteola from a batch of 100 zero-day old indi-
viduals, an attempt was made to estimate the
rate of recruitment of individuals at an interval
of 32 days up to the period of 352 days in
respect to 12 months of the study year. Irre-
spective of snail batches and months, there
was no rccruitment on 32nd day (Table VI).
Also, there was no recruitment by the March
and April snail batches during the period of
next 64 days. The recruitment rates, in all other
cases, at an interval of 32 days have been
figured 1n Table VI. Likewise, the death ratcs
have been calculated at an interval of 32 days
and the results are presented in Table VII. The
patterns of population growth in respect to
recruitment and mortality rates during the pe-
riod of 12 months of the study year, as regards
to the batches of snails considered, have been
shown in Fig. 2 A. Though there exist marked
vanations in the trend of population growth in
respect to the snail batches considered it s



TABLE 11

Age-specific birth rate (8;) in Lymnaea {Radix} luteola in different months of the year July 1990 to June 1991

Age Overall
(x)
July August September October November December January February March April May June

(0-24 0 0 0 0 0 0 0 0 0 0 0 0 0
32 0 0.24 0 0.58 0 0 0 0 0 0 ¢ 0 0.094
40 0 6.65 1.48 3.09 (.63 ¢ 0 0 0 0 0 17.18 1.143
48 7.91 20.16 3.52 248 0 5.69 0 0 6.39 0.32 0 68.75 3.934
56 41.96 0 0 18.61 4.16 18.16 1.32 7.72 29.03 0 0 70.15 13.862
64 50.98 63.27 0 e 0 0 24.60 59.25 45.68 31.52 0 0 29.360
72 185.25 80.45 - E - - 31.45 10.54 62.85 31.55 - — 31.441
80 553.38 — - — — — 24 .49 24,72 0 = - — 31.505
88 = — — — - - 23.15 15.58 0 — = - 26.593
96 - — — - — - 0 4.28 23.81 - — - 19.345

104 = — — - - - - 10.63 1.62 - - - 4.745

112 - — - — - - — 167.95 — — - = 111.055

—:indicates no trace of population.
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Survival rate in Lymnaea (Radix) luteoly in respect to the months of the year July 1990 to June 1991

TABLE III

Age 1990 1991 Overall
(x)
July August September October November December January  February March April May June
0 0.99 0.96 1.00 0.94 .90 (.96 1.00 1.00 0.81 0.87 0.55 0.70 0.89
8 0.66 0.81 (.63 0.75 0.64 0.87 (.98 043 (.78 0.63 (.51 0.54 0.70
16 (.88 0.91 0.89 0.80 0.85 0.90 (.91 0.88 0.83 0.60 (.54 0.61 (.83
24 (.84 0.89 0.82 0.93 0.92 0.93 (.93 095 0.56 0.27 (.47 0.91 0.73
32 0.91 0.96 0.73 (.80 0.87 0.91 0.96 0.82 0.92 0.35 0.67 0.86 0.95
40 0.95 0.43 0.07 0.51 0.51 (.93 0.96 0.97 0.76 0.10 0.50 0.83 0.67
48 .94 0.00 (.33 0.05 (.17 1.00 0.92 0.94 0.64 1.00 0.33 0.60 0.72
56 0.77 — 1.00 (.00 0.25 0.97 (.95 0.77 0.50 1.00 1.00 1.060 0.82
64 1.00 0.08 0.00 - 0.00 (.00 0.87 0.97 0.21 (.25 0.00 0.00 0.61
72 0.67 0.00 - — — — 0.66 0.87 0.00 0.00 — — 0.69
80 0.00 - — — - — 0.57 0.67 0.00 — - - 0.62
88 — - — - — - 0.42 0.47 0.00 — - — 0.46
96 — — — - — - 0.00 (.40 (.27 — — — 0.30
104 — — - - — — — 0.50 0.00 - - - 0.17
112 - — — — — - — 0.00 - — — — 0.00

—: Indicates no trace of population.
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Expectation of life {in days) of Lymnaea {Radix) luteola in respect to the months of the year July 1990 to June 1991

TABLE IV

Age 1990 1991 Overall
(x)
July August September October November December January  February March April May June
0 30.80 32.72 29.76 31.60 41.52 62.48 . 53.92 28.08 23.04 19.52 14.16 21.60 32.03
8 23.07 25.92 21.76 25.36 37.69 56.92 4592 20.08 19.51 13.84 14.47 21.14 27.50
16 25.05 22.97 24.19 24.69 48.28 56.48 38.78 3340 15.94 11.56 16.57 27.58 29.78
24 20.00 16.85 18.71 21.86 48.41 54.00 34.29 29,26 10.46 8.61 19.47 34.96 27.14
32 15.00 10.48 13.91] 15.23 44.36 4952 28.48 2267 1.59 12.89 29.14 29.90 27.70
4(0 7.48 4.87 8.32 8.98 40.29 43.53 25.88 16.36 6.40 9.33 25.33 24.63 21.03
48 4.00 9.33 4.42 5.74 35.16 37.35 18.55 12,32 20.00 6.67 21.60 17.78 21.31
56 — 12.00 4.00 6.00 27.16 32.13 11.48 9.00 12.00 4,00 25.33 10.59 20.16
64 — 4.00 — 4.00 19.78 25.61 5.67 6.00 4.00 — 17.33 4.61 15.60
72 - — — — 14.25 18.40 4.00 4.00 — — 9.33 4.00 15.03
80 — — — - 11.62 12.50 - — — - 4.00 — 12.00
88 - ~ = — 9.33 8.75 - — - -~ — ~ 8.91
96 - — — — 8.80 6.13 — — — — — - 6.80
104 — - - — 8.00 4.00 — = — - —~ — 5.33
112 - - — — 4.00 - - - — - - - 4.00

—: indicates no trace of population.
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TABLE V

477

Calculated net population size (in number) of Lymnaea (Radix) [uteola at an interval of 32 days (taking in
consideration of population size of the snails on the first week of each month of the year July 1990 10
June 1991). [In all cases experiments were initiated with 100 zero-day old individuals on the tirst week

of each month |

Days
Month
32 64 96 128 160 192 224 256 288 320 352
Fuly 48 633 335 514 312 1769 4193 80338 59210 216960 24312
August 63 55 117 53 940 3157 17202 50325 6210 421 22520
September 46 159 98 1148 1483 42271 32330 66646 5256 298998 720268
October 52 34 23 567 815 4874 3283 268 10109 24988 80408
November 45 935 3333 13453 66237 3530 203 8664 30653 113089 76067
December 71 136 3256 4812 12286 1030 43717 106890 358635 310855 4181635
January 83 527 1768 24 0.39 24 75 298 160 377 2id
FFebruary 36 602 163 12 163 177 846 781 1336 643 9202
March 29 01 — - — — — — — — -
April (09 01 — — —~ - — - — — —
May 07 493 1780 7287 4558 10145 5769 67501 122478 2290737 2459386
Junc 21 867 BOS8 738 1368 655 10259 31686 241986 617542 127894
—: indicates no trace of population.
TABLE VI

Recruitment rate (in number) in Lymnaea {Radix) luteole at an interval of 32 days (data represent the
recruitment rate of the snails on the first week of each month of the year July 1990 to June 1991)

Days

Month

32 64 96 128 160 192 224 256 288 320 352
July § 721 196 662 262 1894 2831 82039 43428 333755 0
August 0 79 101 14 923 2510 15948 72946 6247 0 36340
September 0 207 42 1272 599 47217 30703 73968 0 537215 649090
October 0 40 0 552 1149 5228 4731 () 25338 20241 89623
November 0 906 2709 11552 98700 2840 0 13612 30465 112718 60644
December 0 79 5642 4058 17352 0 107203 87106 400603 299895 369354
January 0 479 3013 5 0 38 73 307 122 441 104
February 0 624 315 0 628 668 601 970 1056 333 8956
March 0 0 0 — — — - — - — -
April 0 0 0 — — - — ~ — — —
May 0 657 1815 0948 3500 11669 2880 72514 71154 2473330 2784465
June 0 856 365 60 1184 255 10211 24460 231421 861505 132810

—:indicates no trace of population.

evident (Figs 2 B, C) that two pcaks are a
must in the trend of growth, Of the two peaks,
March-April peak 1s much more pronounced
than that of July-August.

The mean data on the hardness, chlonde,
alkalinity, pH and surface water temperature
have been plotted in respect to months against
the calculated overall data on population size

(during first week of each month), recruitment
rate and mortality rate in Table VIIL

The data obtained on the population size
[p(x)] of L. (R.) luteola n respect to months
(x) have shown a marked variation 1n the trend
of growth between the first 6 months and sec-
ond 6 months of the study year. For statistical
analysis, a simple exponentital model p,(x} =
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Fig. 2: pattern of population fluctuation in the pond snail Lymnaea (Radix) luteola during the period of 12 months
of a year. A — In respect to the snail batches considered, the recruitment rate and mortality rate., B and C -

Irrespective of snail batches.

exp [2.566 — 0.6341x] was applied for the pe-
riod of first 6 months (from July to December,
1990) and a double exponential curve p,(x) =
0.5394 exp [{(x — 3.58)%2 X 0.9134] was fitted
to the data collected during the period of next

lation. The results

6 months (from January to June, 1991). It is to
be mcntioned here that, at December, 1990 we
used an average of p;(x) and p,(x) for calcu-

of such statistical studies

ar¢ presented in Table IX with a view to com-



Mem. Inst. Oswaldo Cruz, Rio de Janeiro, Vol. 88 (3). jul./set. 1993

TABLE VI
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Mortality rate (in number) in Lymnaea (Radix) luteola at an interval of 32 days (data represent the mortality
rate of the snails on the first week of each month of the year July 1990 to June 1991)

Days
Month
32 64 96 128 160 192 224 256 288 320 352
July 52 136 494 483 464 437 407 5894 64556 176005 192648
August 37 87 39 78 36 263 1903 39823 50362 5789 14241
September 54 211 103 222 264 6429 40644 39652 61390 243473 227820
October 48 58 11 03 901 1169 6322 3015 15497 5362 34203
November 55 16 311 1432 45916 65547 3327 5151 8476 30282 97666
December 29 14 2522 2502 9878 11256 64516 23933 148858 347675 262044
January 17 35 1772 1749 24 14 22 84 260 224 267
February 64 58 754 151 4717 54 532 1035 501 1026 397
March 71 28 01 — — — - — - — -
April 91 08 Ol — = — = — - — —
May 93 171 528 1441 6229 6082 7256 10782 16177 305071 2615816
June 79 10 424 1030 554 968 607 3033 21121 485949 6224358
—: indicates no trace of population.
TABLE VIII

Overall population size, recruitment rate and mortality rate (in %) of Lymnaea {Radix} luteola in respect to hardness,
chloride, pH and temperature of the water used in culture in different months of the year July 1990 to June 1991

: . : Hardness
Month Pﬂpqlatlun Recruitment Mortality Chloride Alkalinity pH  Temperature
size rate rate CaCO3 Ca'” Mg
July 4.10 6.92 5.29 8.20 8.05 8.25 7.33 8.56 8.40 873
August 945 7.58 4.10 6.38 6.45 6.35 4.79 8.52 8.30 8.86
September 5.99 5.87 3.33 599 15.20 3.14 5.50 7.64 8.01 8.67
Cctober 4.20 3.50 7.00 6.32 13.81 4.00 6.21 7.99 7.35 8.31
Novembetr 4.60 3.69 4.16 7.09 9.44 6.35 6.31 949 8.21 8.06
December 0.08 0.04 0.16 7.74 7.13 7.93 7.13 8.52 9.02 6.96
January (.98 (.93 0.25 9.05 6.67 9.78 7.94 3.61 840 6.25
February 1.78 1.01 0.32 10.30 851 10.85 7.84 8.60 8.34 7.73
March 28.68 27.52 5.32 9.37 9.67 9.28 9.20 8.61 851 8.69
April 35.14 37.45 50.78 10.08 391 12.00 13.59 B.17 8.33 9.27
May 4.66 549 14,98 10.27 449 12.07 13.39 8.83 8.75 043
June 0.34 0 4.31 9.21 6.67 10,00 10.77 6.46 8.38 9.04

¢

pare the same with the observed data. To find
the goodness of fit of the overall observed
population size with the expected values Chi-
square test was applied.

. 2 — 2 — .
2 SlﬂCE,z}C Cal - 28.88‘1 x 0.001111 - 31;26,
cal < X° o.001,110 Hp 18 accepted at 0.1%
level, t.e. at 0.1% level, the observed data fit-
ted well to the model/curve used.

Based on the mean data presented 1n Table
VI1II correlation tests between population size
and the life-cycle parameters, as well as abi-
otic factors were made to ascertain the impact
of these parameters in regulating the popula-
tion size. The ‘r’ values in connection with
recruitment rate (r = 0.9934), mortality rate (r
= (1.7458), rate of net population gam (r =
0.7189), chloride content of water {r = .7235)
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TABLL 1X

Observed and expected population size {(in %) of
Lymnaea {Radix) luteola in different months of the
year July 1990 to June 1991

Population size

Month
Observed Expected

July 4.10 13.01
August 945 6.90
September 5.99 3.66
October 4.20 1.94
November 4.61 1.03
December 0.08 0.28
January 0.98 0.19
February 1.78 3.96
March 28.68 28.44
April 35.14 32.87
May 4.66 6.11
June 0.34 0.18

and degrees of temperature in centrigade of
the surface water (r = 0.4219) are acceptable
with an indication of influence of these pa-
rameters on the population size of L. (R.)
lutecla. On the other hand, the role of hard-
ness (as determined by measuring CaCO,, Ca*™*
and Mg™™), pH and alkalinity was not that
much effective [r = 0.285(CaCOy,),
—0.205(Ca™™), 0.28(Mg*™), —0.0788(pH) and
0.0635(alkalinity)] in regulating the popula-
tion dynamics of the snail species concerned.
However, the some total effect of abiotic fac-
tors (hardness, alkalinity, chloride content,
temperature and pH) in determining popula-
tion s1ze 1s well established from the results of
multiple correlation studies (r = 0.7785). Since
both chlonde and temperature, when consid-
ered separately, have shown marked influence
over population size an attempt was made to
ascertain the joint effect of these two factors
in regulation of population density of L. (R.)
luteola. For the same, the following equation
was apphled:

= -32.9952 + 1.226]185 + 3.7333T

where P = population size; S = chloride con-
tent of water; T = surface water temperature.

DISCUSSION

From the results the influence of growth
and other biological parameters on the popu-
lation dynamics of the snails L. (R.) luteola is
well established. Indeed, growth as so defined
1s one of the essential characteristics that helps
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to differentiate between a living population and
dead matenial of organic origin. The rate of
growth of a population is expressed as the
number of individuals by which the population
increases divided by the amount of time that
elapses while this population increase is tak-
ing place. To record the rate of growth of a
population 1t 1s necessary to study the life cycle,
natality, mortality and the factors influencing
these parameters of the species taking part in
composition of the said population. In all in-
teractions between populations and their envi-
ronments there is an exchange of energy. In
course of interactions, a change in terms of
biomass could well be recorded both at popu-
tation level and individual level of the species
concerned. Since individual’s biomass is very
much dependent on the rate of gain or loss in
the growth parameters of the individual con-
cerned it 1s essential to take the morphometric
vanations, including the total body weight of
the mdividuals of a species into account, in
course of studies on the population dynamics
of the said species. As such, in the present
programme the rates of growth in shell length,
shell breadth and total body weight of the snails
L. (R.) luteola have been recorded. It is evi-
dent that the zero-day old snails, considered
for studies during the first week of each of the
12 months of the study year, have shown vary-
ing rates of growth throughout their life span.
Except April batch, the snails (zero-day old)
taken for studies in the remaining 11 batches
became sexually mature between 9.3 and 13.11
mm shell length, 5.8 and 8.54 mm shell breadth
and 73.5 and 231.93 mg body weight. The
individuals belonging to January batch though
became sexually mature when they were 9.3
mm, 5.8 mm and 73,5 mg in shell length, shell
breadth and total body weight respectively, it
1s evident that they required 49 days to reach
that stage of growth. Contrasting to this, the
individuals belonging to February batch needed
45 days to attain the maximum size (13.11
mm in shell length and 8.54 mm in shell
breadth) and weight (231.93 mg) so far re-
corded at the attainment of sexual maturity.
From the data it is expected that the snail
individuals, irrespective of their birth dates,
would be able to take part in reproduction with
an average size of 11.5 mm 1n shell length,
7.07 mm in shell breadth and 148.1 mg in
body weight, But in reality it is observed that
the snails of January, March, June, August,
October and November batches attained sexual
maturity prior to rcaching that size and weight
while the mdividuals of remaining batches
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(February, May, July, September and Decem-
ber) had to grow more beyond the average
siz¢ and weight for taking part in reproduc-
tion. Such a situation raises a number of ques-
tions. It 1s not clear whether size or age deter-
mines the state of attainment of sexual matu-
rity of the individuals of a species. From the
results of the present studies 1t appears that the
snails L. (R.} luteola, irrespective of batches,
attained sexual maturity between 32 and 33
days after hatching. As per data, it 1s evident
that the individuals of July and September
batches required 32 days and those of Decem-
ber batch required 53 days for attainment of
sexual maturity but they were almost equal 1n
size so far shell length and breadth are con-
cerned. This suggests that 1t 1s not the age but
the size of the individuals that plays sigmfi-
cant role in the process of attainment ot sexual
maturity of the snails L. (R.) lufecla. Again,
this conclusion is also questionable. Because
if size of the individuals i1s the determining
factor, then it would have not been possible
for the snails of January, March, May, June,
August, October and November batches to gain
the said status being considerably smaller in
s1ze than the snails of July, September and
December batches. Moreover, the individuals
belonging to February batch would have not
been wait for taking part in reproduction till
the time of attamnment of the shell size 13.11
mm in length and 8.54 mm in brcadth, This
indicates that there are some other factors that
determine the time of attainment of sexual ma-
turity of the individuals of a species, and the
age and size, though important in this context,
are simply qualifying parameters of the con-
cerned individuals. Of the other factors, the
physiological status of an individual seems to
be the most important one. Of course, the
physiological status of the individuals of a
species 1S dependent on several factors like
food, physico-chemical factors of water and
the space. As the snails were fed with similar
type of food throughout and the data obtained
on CaCO,, Ca*", Mg®™, chloride, alkalinity,
pH and temperature of water used 1n the cul-
ture were almost within the same range at least
for that length of time, the snails required to
gain the ability for reproduction, the role of
these factors in influencing the physiological
conditions for the purpose needed still remains
obscure. Since the snails were exposed to a
container with a fixed amount of pond water
throughout the culture the space avatlable to
~ each individual was equal, at least on the first
day. But with time, due to the death of indi-

viduals of the concerned batch, the surviving
individuals had the opportunity to enjoy the
benefit of a larger space, Data indicate that 6,
8, 18, 27, 39, 46, 48, 49, 60, 62 and 66 indi-
viduals belonging to May, March, June, Feb-
ruary, November, September, July, October,
August, December and January batches respec-
tively survived up to the age of attainment of
sexual maturity. If space were the problem for
achieving the desired growth rates, then the
snail individuals belonging to May batch would
have gained maximum size, and a gradually
smaller sized individuals would have been
found in the successive batches. But practi-
cally, this 1s not the case. Though, as per
cxpcctation, the individuals belonging to Janu-
ary batch are smallest 1n si1ze (9.3 mm 1n shell
length) 1t 1s not the effect of crowding, rather
a phenomenon of coincidence. Because, in De-
cember and August batches, the individuals,
being 62 and 60 in number attained apprecia-
bly higher shell size (12.3 mm and 11.0 mm
shell length respectively) by enjoyimg almost
the same space available to the snails of Janu-
ary batch. Though the snails of February batch
reached maximum shell size while there were
27 mdividuals at the time of attainment of
sexual maturity, this by no means justities the
existence of a space-induced problem because
of attainment of 11.64 mm and 11.0 mm in
length by the individuals of May and March
batches respectively. Even, it is not possible to
determine the ‘exact space’ needed by a L.
(R.) luteola for its maximum growth. Because
the individuals belonging to July, September
and October batches have attained different
lengths even when they were exposed to the
culture container providing almost equal space
to the individuals.

Though studies on the growth rates of sev-
cral freshwater snail species viz.,, Viviparus
contectoides by Cleave & Lederer (1932),
Lymnaca humilis by McCraw (1961), Augstra-
lorbis glabratus by Michelson (1961), Lymnaea
luteola by Agarwal (1971), Cerithium musca-
rum, C. lutosum, C. eburneum and C. atratum
by Houbrick (1974), Melania scabra by Mu-
ley (1978), Viviparus georgianus by Browne
(1978), Biomphalaria glabrata by Vianey-Liaud
(1982, 1984, 1989), Tarebia granifera by Yong
& Perera (1983), Biomphalaria pfeifferi by
Vianey-Liaud (1984), Bellamya bengalensis by
Raut & Bhattacharya (1986), Fossaria cubensis
and Pseudosuccinea columella by Ferrer et al.
(198Y9), and Brofia costula costula, Tarebia
granifera and Melanoides tuberculata by
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Kraatrachue et al. (1990) are on record none
of the previous workers has ever tried to note
the vanations in growth rates, if any, among
the individuals of same species either produced
by the same individual or different individuals
in different seasons of the year. Such studies
are essential to explain the phenomena involved
with the growth of the snails.

Apart from the available information on
the growth rates 1n shell length, breadth and
body weight, and the age of attainment of
sexual maturity, data have also been collected
on the birth rates and death rates of 1. (R.)
luteola in respect to the snail batches consid-
ered for studies. After attainment of sexual
maturity between 32-53 days of age the snails
started deposition of egg capsules containing
different number of eggs. The rate of produc-
tion of egg capsule per individual varied with
the snail batches. An individual belonging to
May batch produced on an average 9.33 egg
capsules in its lifetime while another one be-
longing to August or October batch produced
0.10 capsule 1n its lifespan. Like production of
egg capsules an individual belonging to May
batch also produced, on the average, the high-
est number (443.67) of eggs while the lowest
number (0.25) of egg was produced by the
individual belonging to March batch. This in-
dicates that not only the size of the capsule
varies with the snails but the number of eggs
also varies with the capsule. Though a through
account on the capsule production of snails is
not available from the literature a good deal of
information on the number of eggs per clutch
1s well documented. It ranges from 1-7 in
Ferrissia rivularis (Burky, 1971), 2-3 in
Ancylus fluviatilis (Bondesen, 1950; Calow,
1972, cited 1n Calow, 1978), 2-16 1n Gyraulus
convexiusculus (Raut, 1989), 2-38 (Raut, 19806),
and 2-41 (Islam, 1977), in Indoplanorbis
exustus, 3-12 1n Acella haldemani (Morrison,
1932), 4 1n Ancylus fluviatilis (Russell-Hunter,
1953; Geldiary, 1956), S in Planorbis albus
(Bondesen, 1950), 5-11 in Physa fontinalis
(Duncan, 1959) 5-144 in Lymnaea luieola (Raut
& Ghosh, 1985), 6-17 in Lymnaea humilis
(McCraw, 1961), 6-144 in Lymnaea luteola
forma fypica (Raut, 1982), 7-9 in Lymnaeua
truncatula (Walton & Jones, 1926), 8 in Anisus
rotundaius (Bondesen, 1950), 9-18 in Valvata
piscinalis (Cleland, 1954), 10 in Rithynia
tentaculata (Lilly, 1953), 10-40 in Lymnaea
palustris (Bondesen, 1950), 11-17 in Physa
virgata (McMahon, 1975), 12-20 in Lymnacua
peregra (Russell-Hunter, 1961a), 13 in Physa
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gyrina (De Witt, 1954), 15 in Physa fontinalis
(Russell-Hunter, 1961a, b) and Lymnaea
truncatula (Bondesen, 1950), 20 in Lymnaea
palustris (Hunter, 1975), Physa fontinalis
(Bondesen, 1950), Plarorbis vortex (Bondesen,
1950) and Helisoma trivolvis (Eversole, 1974),
20-47 m Lymnaea elodes (Eisenberg, 1966),
30 1n Planorbis corneus (Bondesen, 1950), 100-
150 i Lymnaea stagnalis (Bondesen, 1950;
Berrie, 1965, 1966) and 200 in Lymnaea

peregra (Bondesen, 1950). In the present study

the number of eggs per capsule was ranged
from 2-112, irrespective of the snail batches
considered. However, from the overall number
of eggs produced by the snails of a batch it is
clear that an individual belonging to May batch
produced, on an average 47.55 eggs and that
of March batch produced 1.92 eggs per cap-
sule. Though it is sure that the rate of produc-
tion of eggs per capsule plays a vital role in
building up the population of a species the
degree of egg productivity of an individual is
very much infiuenced by its length of repro-
ductive period. From the results it appears that
the snails L. (R.) luteola have, on the average
1-67 days for reproduction. Individuals be-
longed to November batch produced eggs for
a pertod of 67 days while those of December
and May batches had 49 and 48 days for re-
production, respectively. In other batches (ex-
cept March batch) the same ranged from 10 to
28 days. The snails belonging to March batch
had only one day for egg production. Since the
number of eggs produced by an individual
belonging to May batch (having 48 days for
production of eggs) was higher than that pro-
duced by the individual belonging to Novem-
ber batch (having 67 days for production of
eggs) 1t 1s apparent that the rate of egg produc-
tion depends not only on the length of the
reproductive period but also on other factors
like clutch size and frequency of clutching.
Whatcver be the factors it is well evident that
in L. (R.}) luteola the length of reproductive
period, the frequency of clutching and the
number of eggs per clutch vary with the batches
of the snails considered for studies. The im-
pact of these factors is tremendous so far the
birth rate of the snail species is concemed.
Depending on the length of reproductive pe-
riod of an individual of a batch there exists the
possibility of getting offspring at different rates
in different months of a year. The snails of
each and all the 12 batches would enter into
the next month after 30 days of age. Since egg
laying starts between 32 and 53 days it is sure
that these snails would deposit eggs during the
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period of 30 days of the next month. Accord-
ingly, they would enter subsequently into the
next month and deposition of eggs would be
continued up to the limit of reproduction pe-
riod of the individuals concerned. As the life
span of L. (R.) luteola ranges from 33 to 113
(average 60.5) days and the reproductive pe-
riod is recorded for a length of 1-67 (average
29.27) days it is certain that the snails would
complete their egg-laying within a period of
67 days following attainment of sexual matu-
rity. This indicates that the snails, at best, would
add to the population for a maximum period
of next two months and a week in the third
month. But in cases when the life span as well
as the duration of reproduction period of the
snails are short there would be little or no
possibility of the snails entering into the sec-
ond or third month as the case may be. Since
some of the snails of April batch surviving for
a period of 60 days failed to attain sexual
maturity by that age and the siails belonging
to March batch had a maximum life span of
65 days there was no possibility of occurrence
of snail individuals for taking part in recruit-
ment during the month of May. This explains
why birth rate was nil during that month. This
could be explained more clearly 1f we con-
sider the birth rates during February, In this
month the individuals belonging to three dif-
ferent age groups, coming from three different
snat] batches considered 1n earlier months, took
part in reproduction, Since the snails belong-
ing to November and December batches had
longer both lifespan and reproductive period,
they with the increase of age entered into
February along with the snails of January batch.
The snails of these three batches, with a dif-
ference of 30 days in age from batch to batch,
started deposition of eggs simultancously, ac-
cording to their potentiality during the month
of February and the rates were high, Irrespec-
tive of months birth rate in L. (R.) luteola 1s
highest in the aged individuals. Production of
maximum number of eggs by the aged indi-
viduals 1s also customary in the land snail

Achatina fulica (Raut, 1991).

In course of addition of new individuals to
the population a gradual decline in the number
of individuals due to death, has also been re-
corded in respect to snail batches. From the
calculations it is clear that the survival rate in
L. (R.) luteola varies with the months and ages
of the snails. This phenomenon 1s more clear
- from the data obtained on the expectation of
life of an individual 1n respect to month and

age. As per data of the life table, 1t 1s expected
that the 48 days old snails of July, August,
September, October, November, December,
January, February, March, April, May and June
batches are expected to survive for a period of
4.00, 9.33, 4.42, 5.74, 35.16, 37.35, 18.55,
12.32, 20.00, 6.67, 21.60 and 17.78 days more
while irrespective of batches they are expected
to survive for 21.31 days more, Likewise, the
112 days old snails are expected to live for a
period of another 4 days,

The trend of population growth of a spe-
cies 1s mostly dependent on 1its birth rate and
death rate. In L. (R.) luteola the birth rate and
death rates varied with the individuals of the
batches concerned. It 1s interesting to note that
a batch of 100 zero-day old snails if consid-
ercd for culture during July, August, Septem-
ber, October, November, December, January,
February, May and June would present 24312,
22520, 720268, 80408, 76067, 418165, 214,
9202, 2459386 and 127894 individuals by the
end of 352 days. Though by the end of 352
days only 214 individuals are expected from
160 zero-day old snails of January batch they
increased to 1768 within a period of 96 days.
As the mortality rate during the next few weeks
was very high the number was reduced to 24
by the next 32 days. Because of high mortahty
rate and no possibility of recmutment the snails
of March and April batches were unable to
build up a population. Simply, it appears that
there exists no mechanism of a gradual in-
creasing trend of population growth in this
species occurring 1n Calcutta, [ndia,

The results of correlation studies between
population size and abiotic factors though n-
dicating the influence of temperature more than
the chlonde in regulating the population size
of L. (R.) luteola no marked variations in these
parameters have been noted in different months
of the year. If the influence of temperature 1s
cffective in determining the population size in
respect to the rates of recnutment and mortal-
ity for the months of December and January
the same 1s not true for the populations of
other months of the year,

Of the several dynamic features that a
population displays, the most fundamental is
that of growth, the capacity for increase In
indtvidual numbers (Boughey, 1973). Such
capacity 1s very much dependent on several
biotic and abiotic factors {(Lomnicki, 1969;
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Odum, 1971; Kendeigh, 1975; Solomon, 1977;
Raut, 1981, 1991). Since the abiotic factors
were almost similar throughout the culture of
L. (R.) luteola the characteristic changes noted
in body growth rates, natality rates and mor-
tality rates in different snail batches seem to
be the determining criteria for the specific
pattern of growth of the population generated
by the individuals of a definite snail batch. It
1S obvious that the vanations in the pattern of
growth of the snail population are due to the
evolved ‘dynamic’ by the member of a defi-
nite snail batch as a result of their interactions
with the environment. Since the degree of
interactions varies with time, in respect to the
age and physiological status of the animals
concerned, the evolved *dynamic’ would vary
accordingly. It is that ‘dynamic’ which has
given rise to the characteristic pattern of ‘dy-
namics’ in population growth of L. (R.)} futeola
in respect to the snail batches concemed. As
birth and death 1s a continuous process in this
shail population it 1s expected that the nature
of ‘dynamic’ would vary from time to time
with incoming new group of individuals. If we
ignore the ‘dynamic’ in respect to the group of
individuals of the species it is the average some
total evolved ‘dynamic’ due to the activities of
all the available individuals in respect to time
that regulates the ‘population-dynamics’ of L.
(R.) luteola. The vanations in evolved ‘dy-
namic’ by different groups of individuals of
the species may be accounted from the fact of
variations involved with the ‘strains’ of the
individuals concerned. This may be termed as
‘genotypic variation’ as has been suggested by
Boughey (1973). Since variations in life cycle
strategies 1n snail species in respect to “strains’
have been noted by the workers (Newton, 1954,
1955; Paraense, 1955; Richards, 1967, 1973;
Cridland, 1970; Scherrer et al., 1976; Vianey-
Liaud, 1989) it is sure that the nature of ‘dy-
namic’ also varies with the ‘strains’ of the
snail species, For the said reason, an under-
standing of the ‘dynamic’ aspects of the eco-
nomically important snail species 1s a must
with a view to develop an effective manage-
ment policy.
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