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Abstract

Saha C., Parveen S., Chakraborty J., Pramanik S., Aditya G.: Life table estimates of the invasive 
snail Physa acuta Draparnaud, 1805, occurring in India. Ekológia (Bratislava), Vol. 36, No. 1, p.  
60–68, 2017.

The life table characteristics of the invasive snail Physa acuta were assessed in the laboratory 
using the individuals occurring in a newly colonised area in Burdwan, West Bengal, India. 
Using the changes in the shell length and the body weight of the snails as surrogate, the popu-
lation growth of the snails was estimated along with longevity and the fecundity schedule. The 
cohort of P. acuta lived for a maximum of 22 weeks with a life expectancy (ex) of 7.27 weeks 
and the age-specific survivorship being 0.825. Increment of the shell length of the snails com-
plied with the von Bertalanffy growth equation, lt = 11.75(1 − exp−0.17(t−0.06)), and the observed 
and the expected data of the length at time t (lt) did not vary significantly (z score = 0.230; P = 
0.818; n=20 pairs). Following attainment of sexual maturity between 28 and 42 days, oviposi-
tion continued till 20 weeks time, with 0.1–10 eggs laid by each individual. The eggs present 
per capsule remained between 01 and 11, whilst the net reproductive rate (R0), intrinsic rate 
of increase (rm) and the finite rate of increase (λ) were 116.07, 0.1 and 1.11, respectively. The 
observations are similar to those made earlier on the same species but from African and 
South American continents. The results of the present observation are pioneer in providing 
the initial studies about the life history of the invasive snail P. acuta in Indian context. Using 
the present information as a basis, further studies including long-term population monitor-
ing should be initiated to understand the effects of the invasive snail P. acuta in the freshwater 
ecosystem of West Bengal, India.
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Introduction

The invasive snail Physa acuta Draparnaud, 1805 (Gastropoda: Physidae) has spread 
through the continents of Asia (Ali, 1993), Africa (Brackenbury, Appleton, 1993; de Kock, 
Wolmarans, 2007; Appelton, Miranda, 2015), Australia (Zukowski, Walker, 2009), Europe 
(Semenchenko et al., 2008; Raković et al., 2016) and South America (Núñez, 2010) during 

Vol. 36, No. 1, p. 60–68, 2017
DOI:10.1515/eko-2017-0006



61

the past few decades. In India, following the reports on the occurrence of P. acuta (Raut 
et al., 1995), little effort has been made to document the demography, life history and 
ecology, which are essential indicators to monitor the colonisation pattern in the native 
ecosystem(Aditya, Raut, 2002a,b,c; Devi et al., 2006, 2008). Studies on the population ecol-
ogy of invasive snails are required to predict the effects of invasion on the native ecosys-
tems as observed for the golden apple snails Pomacea in different regions of India (Aditya, 
Raut, 2001a,b, 2005), Philippines (de Brito, Joshi, 2016) and the United States (Lach, Cow-
ie, 1999). Demographic features and reproductive biology of the invasive species are useful 
parameters to estimate and predict the possible range expansion and subsequent effects 
on the native ecosystem (Keller et al., 2007; Gherardi, 2007). This has been the basis for 
the assessment of the life history of invasive freshwater snails including P. acuta. Empiri-
cal studies on the growth and the reproduction of the snail in South Africa (Brackenbury, 
Appleton, 1993) and Argentina (Núñez, 2010, 2011) have been useful in comparative as-
sessment of the population demography of the invasive snails in the respective geographi-
cal area. In Indian context, information on the life history features and the fecundity of P. 
acuta are yet to be deciphered. Therefore, evaluation of the growth and fecundity of the 
snail P. acuta was carried out to supplement the necessary information required to predict 
the possible pattern of colonisation and establishment in the invaded ecosystems. Demo-
graphic aspects of invasive species provide crucial information on the life history strategies 
and adaptations that facilitate the range expansion and occupation of newer habitats in the 
invaded regions (de Kock, Wolmarans, 2007; Semenchenko et al., 2008; Guo et al., 2009; 
Ng et al., 2015). Evaluation of the fecundity and population of invasive aquatic molluscs 
facilitates assessment of the risks associated with invasion (Keller et al., 2007). The studies 
on the demography of the invasive snails such as Melanoides tuberculata (Elkarmi, Ismail, 
2007) and Bellamya chinensis (Stephen et al., 2013) substantiate this proposition. Informa-
tion on the population biology of the invasive snails has been helpful for predicting the 
possibilities of range expansion as well as the effects on the native biota (Gotoh, Kawata, 
2000). Thus the results of the present study will be useful in understanding the life history 
strategy of the invasive snail Physa acuta in Indian context as well as make a comparison 
with the pattern of life cycle observed in different invaded ecosystems.

Until now, few studies have documented the presence of the snails in discrete parts of 
India. Whilst laboratory studies have been restricted to the identification of the predators 
against the invasive snails, the population biology including the reproduction and further 
invasion in the Indian freshwater wetlands are yet to be characterised. Aquatic insects such 
as the water bugs (e.g., Diplonychus rusticus) (Aditya, Raut, 2002b,c) and the malacopha-
gous leech (e.g., Glossiphonia weberi) (Aditya, Raut, 2002a) have been demonstrated as the 
predators of the invasive Physa acuta, which may be one of the reasons for their restricted 
distribution in the sewage drain and associated puddles in Indian region. Even with the 
assumption of the predators being a factor in reducing the possible colonisation and es-
tablishment of the snail in the native freshwater bodies, the assessment of the population 
growth and fecundity is required to predict the possible mode of population expansion 
in Indian context. In accordance with the propositions stated above, this compilation is 
an effort to summarise the observations of the present study on P. acuta in the context of 
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earlier studies made in other geographical areas. The results are expected to highlight the 
generalised life history strategy of P. acuta as an invasive species and enable predicting the 
prospective effects in the freshwater ecosystems of the invaded areas.

Material and methods

Collection and maintenance of P. acuta

The snail P. acuta was collected from the sewage drain and associated puddles adjacent to the Golapbag campus of The 
University of Burdwan, Burdwan, India, following the survey of the area during 2014. The collected individuals of P. acuta 
were brought to the laboratory and segregated into larger (>9 mm), medium (7−9 mm) and smaller (5−7 mm) size classes 
for rearing. The snails of each size classes were reared in mesocosms (glass aquarium, 32×36×38 cm, filled with 25 L of tap 
water, pH 7.4–7.9) separately with a density of 10 snails/L with lettuce and degrading plant parts being provided as food. 
Few leaves of the alligator weed (Alternanthera philoxeroides) leaves were placed as additional refuge for oviposition. At 
the end of every 24-h period, the mesocosms were surveyed for the eggs oviposited and scraped intact and placed in small 
plastic container filled with tap water for hatching and initiating the experiments. The egg capsules were deposited on the 
wall of aquaria and in few instances on the leaves. Each egg capsule contained 1−20 eggs and the hatchability remained 
between 70 and 90%. Using the 0-day-old hatched juveniles, artificial cohorts consisting of individuals originating from dif-
ferent capsules were built. Thus the F1-generation individuals were considered for the assessment of the life history features 
of the snail Physa acuta. The life history features of P. acuta were assessed using the eggs oviposited by the field collected 
snails of heterogeneous size group maintained in the laboratory conditions. The 0-day-old individuals hatching from the 
eggs were allowed to grow in plastic containers (500 mL capacity) supplied with decomposing lettuce. Fifteen individual 
were considered in each microcosm, and three different replicates were used for the assessment of the growth survivorship 
and the fecundity of the snails. At the end of each week, the shell length, shell breadth and the body weight were used as 
surrogate to track the growth of the snails under laboratory conditions. The day of first egg deposition was considered as 
the age at first reproduction that marked the initiation of the reproductive period of the group. Thus the experiment was 
carried out using cohorts, each cohort consisting of 15 individuals, and the survivorship was recorded for each cohort each 
day. The death of the last individual marked the end of the generation of the cohort. To evaluate the longevity, growth and 
fecundity of the snails, the cohorts of 15 individuals (0-day-old) were reared in 250-mL plastic containers containing 200 
mL of aged tap water. Decomposing leaves of lettuce was added into the rearing container as food for the snail individuals. 
The water of the containers and the unconsumed food were changed for every 24 h for the whole experimental period. The 
number of individuals living was noted and recorded each day to estimate the survivors. At the end of every week, the shell 
length (SL in millimetres) and the body weight (BW in milligrams) of the snails were noted to monitor the growth. The shell 
of individual snails was measured using either an ocular micrometer (for the first two weeks) or a divider and scale to the 
nearest 0.1 mm, and the body weight was measured to the nearest 0.1 mg in a pan balance (Citizen, India). Following the 
date of attainment of sexual maturity (the day when first egg capsule was noted), the number of eggs oviposited was noted 
and recorded. Three replicates were considered for the experiments in compliance with the norms of replication, selecting 
randomly the individuals hatching from the eggs oviposited by different individuals.

Data analysis

The data on the survivorship was applied to generalised life table parameters (Krebs, 1999), and the age-specific 
survivorship (lx) and life expectancy at age x (ex) were calculated, whilst the growth of the snails was assessed through 
the changes in the shell length. The data on the shell length (SL, in mm) was portrayed as a function of time and 
subsequently judged for the compliance (Núñez, 2010) with the von Bertalanffy growth equation                             , 
where lt is the shell length of the snails at time t and l∞ and k are the von Bertalanffy growth parameters. Assuming 
that the relation between lt+1 and lt will yield a straight line equation (y = a + bx), with the slope (b) being e(−k) and 
the intercept (a) being l∞= [1- e(−k)] = l∞ (1− b), thereby enabling determination of l∞ and k, the parameters of the 
von Bertalanffy growth parameters. The time t is set as the instantaneous time (in weeks in the present study) whilst 
t0 is obtained as t0 = t+ (1/k)ln((l∞− lt)/(l∞ )). Extending the relation between length and the weight as a power law, 
the growth equation for the body weight (BW = a.SL.b) is used as                                            )b, where BW∞ =a.l∞. 
Data of the 250 snails collected from the same habitats were used to construct the equation BW = a.SL.b , and the 
value of b and a was substituted to the equation. Instead of the laboratory population, the population of the snails 

𝑙𝑙𝑡𝑡 =  𝑙𝑙∞ (1 − (𝑒𝑒−𝑘𝑘(𝑡𝑡−𝑡𝑡0)) 

 𝐵𝐵𝐵𝐵𝑡𝑡 =  𝐵𝐵𝐵𝐵∞ (1 − (𝑒𝑒−𝑘𝑘(𝑡𝑡−𝑡𝑡0)) 
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from the field was considered to avoid any bias arising out of the laboratory culture. The data on the expected and 
observed values of shell length and body weight were compared using the z- test to judge the fit of the growth data 
with the von Bertalanffy growth equation. The fecundity schedule was estimated using the following formula (Krebs, 
1999) with modifications owing to the hermaphroditic nature of the snails. The mx value was considered without 
any variations in the sex ratio because of the evidence of self-fertilisation in the species. Although not considered in 
the present instance, few individuals of the snails when cultured in isolation produced viable eggs that provide the 
evidence of self-fertilisation. However, the evidence of self-fertilisation is evident in case of hermaphrodite snails 
prompted to consider the analysis of the fecundity schedule in two ways, considering self-fertilisation and cross-
fertilisation as two possible modes of reproduction.

Gross reproductive rate (GRR) is the number of eggs produced by the survivors and calculated as
                                               
                        .

Net reproductive rate (R0) is the number of females produced per female during its life and calculated as

                           ,

where mx is the number of females produced per female of age x (days) (since P. acuta is hermaphrodite, mx was consid-
ered equal to all the eggs oviposited at age x, without division as male and female). The cohort generation time, Tc, was 
calculated as                               and the intrinsic rate of population increase (rm) was obtained as                                     .

Thus an age-specific life table was constructed in lieu of stage-specific life table because only adult stages were 
considered. Whilst stage-specific life table is a better predictor of life history features, the age-specific life table is 
more suitable for field studies. The data of the experiments were subjected to statistical analysis (Zar, 1999) using 
XLSTAT software (Addinsoft, 2010). Selection of the statistical tests was made following Krebs (1999) and Zar 
(1999).

Results

The individuals of the cohort showed 
varying degree of longevity with a 
maximum period of survival being 
133 days. The survivorship pattern 
and the life expectancy of the P. acuta 
are shown in Fig. 1. The age-specific 
survivorship (s) was 0.825 (calcu-
lated by the slope of the regression 
line ln(lx) on x; Fig 3b), whilst the 
mean life expectancy was 4.21 ± 0.33 
weeks. In all the cohorts, the longev-
ity of the snails remained between 4 
and 133 days post hatching with the 
age at first reproduction (day of first 
oviposition) ranging between 28 and 
42 days. At the time of reproductive 
maturity, the snails were on an aver-
age 6 mm in shell length and 23.5 mg 
in body weight. The growth of the 
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Fig. 1. (a) The survivorship and life expectancy and (b) the age-
specific survivorship of the snail P. acuta reared under laboratory 
condition, initial collection of the snails was made from the newly 
colonised habitat in Burdwan, West Bengal, India.
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snails shown through the changes 
in shell length over the time pe-
riod (Fig. 2) complied with the 
von Bertalanffy growth equation 
significantly reflected through 
high correlation values in the dif-
ferences in the shell length and the 
observed shell length (r = −0.808; 
df = 19) over the time period. 
Changes in the shell length, how-
ever, were a decreasing function 
of time period, following a power 
regression equation (Fig. 2). Com-
parison of the observed and ex-
pected lt values did not show sig-
nificant differences indicating fit 
of the growth curve with the von 
Bertalanffy equation (difference = 
0.236; observed z score= 0.230; P = 
0.818; n = 20 paired data). Chang-
es in the biomass and the observed 
biomass were significantly nega-
tively correlated (r = - 0.875; df = 
19), and similar to the shell length, 
the body weight was a decreasing 
function of time period (Fig. 2). 
In the subsequent weeks, the in-
crease in body weight of the snails 
complied with the von Bertalanffy 
growth equation with the expect-
ed and the observed biomass did 
not differ significantly(difference 
= 0.376; observed z score= 0.083; 
P = 0.934) (Fig. 2).

The number of egg capsules 
oviposited during the reproduc-
tive period varied amongst the 
weeks, with the number of eggs 
per capsule ranging between 
1 and 11. The total number of 
eggs oviposited in a week varied 
between 1 and 89, with a peak 
during the middle of the repro-
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Fig. 2. The growth of the snail P. acuta in terms of (a) shell length and 
(b) body weight measured weekly. Filled circles represent values in 
specific week, the dashed line represent the expected values follow-
ing the von Bertalanffy growth equation. Weekly changes in length 
and weight are represented through the bars. The respective regression 
equations of the growth increment as a function of time are shown in 
the figures for the shell length (lt = 11.75(1 −exp−0.17(t−0.06))) and for the 
body weight (Wt =59.91*(1 − exp−0.08(t−0.67))^1.2).

Fig. 3. The number of eggs and the eggs per individual of P. acuta col-
lected from newly colonised habitats in Burdwan, West Bengal, India.
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ductive period. In correspondence to the survivors, the eggs per capsules varied during the 
reproductive period between 1 and 11.13 (Fig. 3). Assuming the hermaphroditic nature and 
self-fertilisation by P. acuta, the net reproductive rate was observed to be 116.07 and the co-
hort generation time to be 46.95. The intrinsic rate of increase (rm) was estimated to be 0.1, 
whilst the finite rate of increase (λ) was 1.11 (Table 1).

T a b l e  1. The fecundity schedule of the P. acuta reared under laboratory condition for the estimation of the gen-
eration time and fecundity. The eggs of P-generation population collected from a newly colonised population in 
Burdwan, West Bengal, India.

x (age, in weeks) lx mx lxmx xlxmx

4 0.8 5 4 10
5 0.53 20 10.67 213.33
6 0.5 31 15.5 480.5
7 0.4 24 9.6 230.4
8 0.33 30 10 300
9 0.3 56 16.8 940.8

10 0.27 89 23.73 2,112.27
11 0.23 58 13.53 784.93
12 0.17 42 7 294
13 0.1 23 2.3 52.9
14 0.1 18 1.8 32.4
15 0.07 6 0.4 2.4
16 0.03 3 0.1 0.3
17 0.03 5 0.17 0.83
18 0.03 11 0.37 4.03
19 0.03 2 0.07 0.13
20 0.03 1 0.03 0.03

Ro 116.07 5,449.3
Tc 46.95
rm 0.10
λ 1.11

Discussion

The life history features particularly the aspects of fecundity are crucial in successful coloni-
sation and establishment of invasive freshwater snails. Reproduction and growth of the early 
colonisers determine the pace of establishment of the freshwater snails in the newer habitats 
(Keller et al., 2007; Gherardi, 2007; Nentwig, 2008). Although invasion of the freshwater 
snails is facilitated by diverse mechanism, establishment and habitat expansion at the local 
and regional scales are dependent on the growth and reproductive ability of the concerned 
species. Theoretical explanations for the risk associated with the invasion of the freshwater 
species identified growth and fecundity as major factors for colonisation, establishment and 
range expansion in the newer geographical regions. Empirical studies on the invasion biol-
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ogy of the freshwater snails Melanoides tuberculata (Elkarmi, Ismail, 2007); Bellamya chinen-
sis (Stephen et al., 2013), Physa acuta (de Kock, Wolmarans, 2007; Semenchenko et al., 2008; 
Guo et al., 2009; Ng et al., 2015), Pomacea canaliculata (de Brito, Joshi, 2016) and P. insu-
larum (Conner et al., 2008) suggest that growth and reproduction are crucial indicators for 
colonisation and establishment in the invaded habitats. As a consequence, evaluation of the 
growth and reproductive features of the invasive species has been carried out to predict the 
prospective habitat expansion in the concerned regions. The impact of the invasive snails on 
the native biota and ecosystem functions is also linked with the growth and reproductive per-
formances in the invaded habitats. Assessment of the growth and reproduction through the 
life table studies is, therefore, significant for invasive freshwater snails such as Physa acuta.

Although the shell length and body weight increments were higher for P. acuta observed 
in the present instance, the pattern of growth remained similar to those occurring in Ar-
gentina (Núñez, 2010, 2011). In comparison to the survival till 88 weeks with a maximum 
shell length of 9.08mm observed in Argentina, the P. acuta in the present study survived for 
22 weeks but attended a shell length of 11.5 mm (and body weight of 47.08 mg). Amongst 
the many possible reasons, the faster growth of P. acuta can be attributed to the temperature 
condition, which was more than 27 ˚C, in contrast to 24 ˚C for the conditions in Argentina 
(Núñez, 2011). The growth and survivorship of P. acuta in the present instance are more 
similar to the observations made on the populations of South Africa (Brackenberry, Ap-
pleton, 1993) reared at a constant temperature of 25 ˚C. The temperature-dependent vari-
ation observed in the South African population of P. acuta is similar to those observed in 
the two indigenous snails Lymnaea luteola and Indoplanorbis exustus (Aziz, Raut, 1996). 
Under laboratory culture, the snails Lymnaea luteola(1.23 mm and 18.63 mg of shell length 
and body weight) and Indoplanorbis exustus (0.78 mm in shell diameter and 31.2 mg body 
weight) exhibited higher increment (per week) than Physa acuta (0.52 mm shell length and 
2.38 mg body weight), under similar temperature conditions. In comparison with Lymnaea 
luteola (37 days) and Indoplanorbis exustus (69 days), Physa acuta attained sexual maturity 
between 28 and 32 days. In contrast to the eggs produced by an individual Lymnaea luteola 
(0.25–443.67) and Indoplanorbis exustus (7.55−17.5), Physa acuta produced comparatively 
low number (0.2–11.2 eggs/individual) for a greater time period of 22 weeks (Lymnaea lu-
teola, 16weeks; Indoplanorbis exustus,17weeks) (Raut, Misra, 1993; Misra,Raut, 1993).The 
intrinsic rate of increase, the finite rate of increase and the generation time of the Physa acuta 
observed in the present instance corroborate with the observations made in the South Africa 
population (Brackenberry, Appleton, 1993) when the temperature regime of the culture is 
considered to be 25 ˚C.

Invasion of the freshwater habitats by the snail P. acuta may elicit competition with the in-
digenous snails such as Lymnaea luteola, Indoplanorbis exustus and Gyraulus convexiusculus 
in the concerned geographical region, because the resource requirements and the life history 
attributes are considerably similar. However, the freshwater habitats in Burdwan, West Ben-
gal, and similar regions in India, the natural enemies of the snails are quite common. Earlier 
studies suggest that the malacophagous leech Glossiphonia weberi (Aditya, Raut, 2002a) and 
the water bug Diplonychus (=Sphaerodema) rusticus (Aditya, Raut, 2002b,c) are the potential 
predators of Physa acuta. The vulnerability of the snail P. acuta remained no different from 
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the indigenous snail Lymnaea luteola, when both the snail species were exposed to the water 
bugs under laboratory conditions (Aditya, Raut, 2002c). Therefore, colonisation and estab-
lishment of the invasive snail Physa acuta in the freshwater habitats of West Bengal, India, 
would require evasion strategies against the natural enemies. The freshwater habitats in the 
study areas are featured by the presence of ampullariid, viviparid, lymnaeid and planorbid 
snails, but no physid snails (Banerjee et al., 2010; Kundu et al., 2014). In the sewage drains 
and associated ditches, the snails Lymnaea luteola and Physa acuta have been noticed to 
co-occur, providing evidence of coexistence of indigenous and invasive species in the same 
habitat. Further studies are required to assess the colonisation prospects of P. acuta in other 
freshwater habitats in the area as well as predict the invasion impact on the indigenous biota. 
Whilst the present study provides a primary description of the life cycle of the invasive snail, 
the steps for population intervention using natural enemies should be framed to prevent the 
invasion of the snail in the natural habitats.
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