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a predator of freshwater gastropods: a threat to native biota in
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Abstract: The carnivorous snail Clea (Anentome) helena (von dem Busch, 1847) (Gastropoda: Nassariidae), commonly called as the
“assassin snail” is sold worldwide including India for aesthetics and the ability to kill pest snails in aquaria. Assuming invasion as a
fair possibility, the predation potential of C. helena on seven native freshwater snails was assessed. The exotic predator consumed
all the native snail species provided in the experiment and prey consumption varied with the prey species identity, the prey
density and the prey size class. Future colonization and establishment of C. helena in Indian freshwater ecosystems may reduce
the abundance of the native gastropod snails, in absence of suitable intervention.
Key words: Assassin snail, biological invasion, ornamental aquaculture, operculate snails, pet trade

Introduction
The freshwater snails (Mollusca: Gastropoda)
are abundant in a wide variety of water bodies comprising of about 4,000 species worldwide (Strong
et al. 2008) with approximately 112 species reported from India (Tripathy et al. 2015). The freshwater
snails graze upon the periphyton and macrophytes
(Li et al. 2009), regulate algal biomass (Pinowska
2002; Rober et al. 2011), serve as prey of several
macroinvertebrates and vertebrates (Aditya and
Raut 2002a, 2002b; Sin 2006) in freshwater ecosystems. In benthic communities, the snails change
the sediment characteristics through bioturbation
(Zheng et al. 2011), while the shells of dead snails
serve as calcium reservoir and substrate for periphyton growth (Gutiérrez et al. 2003). In recent years,
the shells of the freshwater snails are promoted as
biosorbent of heavy metal, thereby facilitating the
bioremediation of contaminated water bodies (Hossain and Aditya 2013, 2015; Hossain et al. 2015).
Although many snails are the intermediate host of
trematode parasites of humans and domestic ani-

mals (Madsen and Hung 2014), the ecological roles
of snails cannot be neglected and can be used as a
surrogate species for habitat restoration and conservation (Gutiérrez et al. 2003). Since the year 1500
AD, 267 gastropod species extinction occurred
worldwide which is about 35% of the total number of extinct animals (IUCN 2020). Besides climate
change (Botkin et al. 2007) and habitat modification
(Fagan et al. 2002), biological invasions are often
considered to be one of the leading causes of global
biodiversity loss (Mack et al. 2000). The major pathways of exotic freshwater species invasion include
several anthropogenic activities (Wilson et al. 2009)
such as the import of exotic species for aquaculture, stocking in the garden ponds and international
ornamental pet trade (Padilla and Williams 2004;
Rixon et al. 2005; Duggan 2010; Ng et al. 2016a;
Patoka et al 2017a) which has a direct and lucid relationship with the worldwide spread of exotic species (Burgiel et al. 2006).
Aquarium keeping is a well-admired hobby
with millions of aquarium enthusiast worldwide
(Novák et al. 2020). Numerous snails are placed
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in aquaria for their aesthetic values and considered beneficial by regulating algal growth but few
pest snails damage the ornamental plants. This is
where the carnivorous snail Clea (Anentome) helena
(von dem Busch, 1847) (Gastropoda: Nassariidae)
hitched into the chronicle. Although first described
from Indonesia (Philippi 1847), C. helena was later
documented from Cambodia, Laos, northern Peninsular Malaysia, Thailand and Vietnam (Chan 1997).
Commonly known as the “assassin snail”, C. helena
is kept in aquaria to consume and control the pest
snails (Monks 2010). The worldwide use of C. helena in the pet trade can serve as a probable dispersal factor beyond its native range. For instance,
the ornamental pet trade caused the first non-native
establishment of C. helena in Singapore (Ng et al.
2016b) and argued as a threat to native gastropods
(Mienis 2011; Bogan and Hanneman 2013). Although reported as having a medium risk of freshwater invasion (Patoka et al. 2017b), C. helena can
breed well in the still-water and have adaptability
even in captive conditions (Coelho et al. 2013).
Many invasive species frequently establish in natural habitats, in absence of any prevention or eradication efforts as the methods are often not costeffective (Lodge et al. 2006). In Indian context, the
possible risk of invasion can be expected for the pet
snail Pomacea diffusa that was encountered in different aquarium shops since 1999 (Raut and Aditya
1999), consuming wide range of food items (Aditya
and Raut 2001a). Similarly, following the first invasion in Kolkata, India (Raut et al. 1995), the globally invasive snail Physella acuta continued to expand its geographical range in different regions and
freshwater habitats of this country (Devi et al. 2008;
Saha et al. 2016). Although the aquarium industry
is worth multi-billion dollar worldwide, the laws
regarding the pet supply, stocking and selling are
weakly communicated, inadequately enforced and
often not aligned with aquarium enthusiast’s beliefs
(Patoka et al. 2018). Our observations on the trade
of C. helena in the local pet shops of Kolkata, India,
prompted us to assume that the chance dispersal in
the local water bodies is a fair possibility. Therefore,
it would be a prudent step to evaluate the predation potential of C. helena on the native snails of the
local freshwater habitats. Using variations in the size
class and relative density of the prey, the predatory
efficacy of C. helena was evaluated against seven
different native snail species.

Materials and method
The exotic snails C. helena were brought from
the local pet markets in Kolkata, West Bengal, India
during December 2019 and January 2020. The stock
of C. helena was maintained in glass aquaria (38cm
length × 30 cm width × 30cm depth; ~ 34 litres
capacity) with a stocking density of five individuals
per litre of dechlorinated tap water and fed with tubificid worms and snails during the rearing period.
The potential freshwater prey snails were collected
from several ponds, temporary pools and lakes in
and around Kolkata, using a sampling net of 200
μm mesh size fitted with a long handle. The dredging of the benthic sediment enabled the capture of
the benthic snail species. The collected snails were
placed in polythene bags with adequate water and
brought to the laboratory, where these were segregated and maintained separately in plastic tubs.
The collection of the snail species was continued
throughout the study period to ensure a continuous supply of the prey snails required for the experiment. As prey snail, seven species were considered, namely, Melanoides tuberculata (Müller, 1774)
(Caenogastropoda: Thiaridae), Tarebia granifera
(Lamarck, 1822) (Caenogastropoda: Thiaridae), Bellamya bengalensis (Lamarck, 1822) (Caenogastropoda: Viviparidae), and Gabbia orcula (Frauenfeld,
1862) (Caenogastropoda: Bithyniidae) among the
operculate snails, while the non-operculate snails
were Radix rufescens (Gray in Sowerby, 1822) (Heterobranchia: Lymnaeidae) (erstwhile Lymnaea acuminata) (Vinarsky et al. 2020), Indoplanorbis exustus
(Deshayes, 1834) (Heterobranchia: Planorbidae),
and Gyraulus convexiusculus (Hutton, 1849) (Heterobranchia: Planorbidae). Based on the shell length
or shell diameter as applicable, measured (in mm)
with a vernier caliper (Insize, Brazil), the snail size
classes were created and segregated (specified below). Following segregation and before use in the
experiments, the snails were placed in glass aquaria
filled with dechlorinated tap water.
As a predator, the most abundant size class
of C. helena (18-24 mm in shell length) was selected for the experiment. Before the experiment,
all C. helena individuals were fed ad libitum with
prey snail and tubificid worms and then kept for
starvation for 24 hours to coequal the hunger level. The prey snails, B. bengalensis, M. tuberculata,
T. granifera and I. exustus were divided into 3 (<8,
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8.1-12 and >12.1 mm), R. rufescens was divided
into 3 (<10, 10.1-15 and >15.1 mm) and G. orcula
and G. convexiusculus were divided into 2 (<5, >5.1
and <6, >6.1 mm respectively) size classes according to their abundance in the collected samples. To
evaluate the prey consumption, one C. helena individual was placed in plastic containers of 2,000 ml
volume with each selected species of prey snails
with varying prey densities (i.e. n = 5, 10 and 20)
and size classes. The experiments were carried out
in pH 7.4-7.9, temperature 25±1°C and photoperiod of 14:10 hours (light:dark). The numbers of prey
consumed were noted in every 48 hours interval
and each trial was replicated at least 50 times for
each of the predator and prey combinations. At
the end of 48 hours, the prey consumption was
noted and recorded for further statistical analysis.
In order to ascertain if the prey species, prey size
class and prey density had any significant effect on
prey consumption by C. helena, logistic regression
based on binomial generalized linear model with
logit link was applied (Casas and Hulliger 1994;
McCullagh and Nelder 1989) using XLSTAT version
2010.04.02. The prey consumption was defined as
a function of the linear predictors, prey species (PS),
prey size class (PSC) and prey density (PD) and the
significance of the model parameters was tested
through the Wald’s Chi-square at p <0.05 level.

Results
The exotic gastropod C. helena preyed upon
all operculate and non-operculate snail species provided in this experiment (Fig. 1H). Among the operculate prey snails, the predation rate of C. helena
was observed to be highest in the case of the maximum prey density (n = 20) of the smallest size class
(<8 mm) of B. bengalensis. The consumption of B.
bengalensis by C. helena varied from 0.18 (±0.054)
(±SE) to 3.2 (±0.318) (Fig. 1A). Following the highest predation rate on B. bengalensis per 48 hours, C.
helena consumed 0.84 (±0.119) to 1.52 (±0.202) G.
orcula (Fig. 1D) and 0.26 (±0.062) to 1.38 (±0.158)
M. tuberculata (Fig. 1B). The lowest predation rate of
C. helena per 48 hours was observed in the case of
the thiarid snail T. granifera, which varied from 0.22
(±0.065) to 0.84 (±0.122) (Fig. 1C). Amid the nonoperculate snails, the consumption by C. helena was
highest in the case of I. exustus with the consumption of 0.64 (±0.119) to 2.02 (±0.205) individuals
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in 48 hours period (Fig. 1F). Following I. exustus, C.
helena consumed 0.92 (±0.133) to 1.68 (±0.177)
G. convexiusculus (Fig. 1E) and 0.08 (±0.038) to
1.26 (±0.15) R. rufescens in 48 hours period (Fig.
1G). The predation posture of the snail C. helena
against the subdued prey is shown in Figure 1H. As
indicated through the results of logistic regression,
prey consumed (y) = 1/(1 + exp(–(–7.14 – 0.02PS
– 0.63PSC + 0.18PD))), the prey consumption of
C. helena varied significantly with the prey species,
prey size and prey density (PS = – 0.023 ±0.011;
Wald’s chi square = 4.698; p = 0.03; PSC = –0.274
±0.012; Wald’s chi-square = 482.242; p <0.0001;
PD = 0.08 ±0.01; Wald’s chi-square = 52.025; p
<0.001).

Discussion
The shell morphology and structure, in general, play an important role to reduce the predation pressure, as observed for P. acuta against the
malacophagous leech (Wilken and Appleton 1991).
Further, the thick shells and spikes resist the predation from shell-crushers (Marijnissen et al. 2008)
and the presence of operculum resist the invasion
of shell-invader predators (Kelly and Cory 1987).
In the Indian context, the shell-invader predators
in freshwater habitats, mainly composed of leeches and hemipteran bugs (Aditya and Raut 2002a,
2002b), often fail to make successful attack on the
native operculate snails (Aditya and Raut 2005).
However, the predatory snail C. helena was able
to insert its proboscis and kill the operculate prey
snails, which otherwise seemed to be less probable
for a native shell-invader predators of India. Therefore, the exotic predator C. helena may gain more
advantage than the native predators if invades into
natural habitats.
A major portion of molluscs sold in the local markets of West Bengal consists of the snail B.
bengalensis which is nutrient-rich as well as possess
ethnomedicinal values (Bhattacharya et al. 2014).
The waste shells of B. bengalensis derived thereof
bear the potential of heavy metal biosorption (Aditya and Hossain 2018). The snail, B. bengalensis is a
dioecious and viviparous snail that discharges fully
developed offspring of about 3 mm shell length
(Khan and Chaudhuri 1984). The late-juvenile and
early-adult constitute the major proportion of the
B. bengalensis population, as the juvenile mortal-
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Fig. 1. The (Mean ±SE) prey consumption of the exotic predatory gastropod C. helena on the indigenous B. bengalensis (A), M.
tuberculata (B), T. granifera (C), G. orcula (D), G. convexiusculus (E), I. exustus (F) and R. rufescens (G) with varying prey size and
density in 48 hours. Subdued prey by the predator C. helena (H)¸ where the prey are: (i) B. bengalensis, (ii) M. tuberculata, (iii) T.
granifera, (iv) G. orcula, (v) G. convexiusculus, (vi) I. exustus and (vii) R. rufescens
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ity rate is very low (Khan and Chaudhuri 1984).
Consumption of the smaller sized B. bengalensis by
C. helena can lead to higher mortality of juvenile
snails which may result in the possible disruption
of their reproduction, population growth and age
structure. Similar consequences may be anticipated
for M. tuberculata and T. granifera as they produce
live offspring and the prey consumption of C. helena
was higher against the smaller prey snails. Both M.
tuberculata and T. granifera are intermediate hosts
of several trematode parasites in the tropical countries of Africa and Asia (Dudgeon 1986; Glaubrecht
1996; Veeravechsukij et al. 2018) but since the
twentieth century, they invaded different parts of
the world (Appleton 2002; Duggan 2002; Rader et
al. 2003). In the Indian perspective, M. tuberculata
and T. granifera are an integral part of indigenous
gastropod diversity and were readily consumed by
the exotic predator C. helena in the present instance.
Consideration of C. helena as the biocontrol agent of
these snails (Oleh et al. 2018) may arise a question
as the exotic species habitually kills non-target organisms. For instance, no evidence of the effectiveness of the release of Euglandina rosea to control
the invasive African giant snail Achatina fulica was
found but the predatory snail resulted in the extinction of many endemic snails (Cowie 1992). Similarly, the introduction of C. helena may not fulfil the
desired objective more because of its generalized
predatory nature. As the probable introduction of
C. helena in non-native freshwater habitats can have
negative impacts (Didham et al. 2007) on the native snail community, strict laws should be enforced
regarding its uncontrolled sale (Ng et al. 2016a) in
aquarium pet shops. Considering the significant effects of biological invasions, the policymakers have
restricted the import of several aquatic organisms
in many countries (Díaz et al. 2012). On the other
side, the household aquarium owners dispose the
aquaria washings directly into the sink, drain or external fish ponds which may provide a high risk of
non-native species invasion (Duggan 2010). Hence,
the aquarium owners should be more aware of the
potential harms due to the disposals and must be
recommended to pour the aquaria wastes on garden and lawns which may minimize the risk of biological invasion (Duggan 2010).
The interaction of C. helena and other nongastropod prey, however, needs to be evaluated
to decipher the possible impacts in the freshwater
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community if they ever colonize beyond the native
range. As predicted for the exotic snail Pomacea diffusa (Aditya and Raut 2005) (erstwhile P. bridgesii),
the introduction of the snail C. helena may bring
about a interaction chain effect (Didham et al. 2007)
as it can consume varied type of snails. In freshwater habitats, C. helena is known to scavenge and
actively predate upon worms (Brandt 1974) and reported to reduce predation with growing organic
matter (Oleh et al. 2018). Therefore, the predation
rate on snails can be affected in the presence of alternative resources. Previously, native malacophagous invertebrates such as Sphaerodema rusticum
and Glossiphonia weberi were reported as prospective predators against an introduced snail P. diffusa
in India (Aditya and Raut 2001b, 2005). Likewise,
further studies can be conducted with the native
predators that may have the potential to predate
upon and act as a biotic resistance towards the establishment of the exotic snail C. helena.
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