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Abstract

Snails are invertebrate gastropod molluscs inhabited both the terrestrial 
and aquatic habitats. Most of these animals are dioeciously and their sexes 
are separated. In many monoecious (hermaphrodite) snail species, individuals 
have both male and female gonads. But in pulmonate monoecious snail species 
individuals have only single gonad called “ovotestis” which contains both 
testicular and ovarian tissues. In general, aquatic snail species are intermediate 
hosts of digenean trematode parasites of vertebrates including man and animals. 
In addition, aquatic snails are also act as vector of diverse trematodiases, such 
as schistosomiasis, clonorchiasis, opisthorchiasis, fascioliasis, amphistomiasis, 
etc. The prevalence of these digenetic trematode parasitic diseases in 
diverse geographical provinces is depending on the population of vector or 
intermediate host snail species. In fact, the various larval stages of digenean 
trematode parasites, such as sporocysts, rediae and cercariae are developed 
and multiplied asexually in the organ of hepatopancreas and/or gonads of host 
snails. These parasitic trematode larvae also act as castrators for snails and 
potential to prevent or block partially or completely their reproduction called 
“parasitic castration”. In this biological process, trematode larvae destroy the 
gonads in two ways, one is mechanically and the other physiologically. Parasitic 
castration is also induces sex conversion, gigantism and alteration the gene 
expression in brain of snails. In present communication, the most common 
vector snail species, different forms of trematode larvae and their basic 
biology and mode of parasitic castration in aquatic snails and its contribution 
in control of diverse vector snail populations and spreading of trematodiases 
are considered and brief and critically reviewed. Simultaneously, research gaps 
have also been highlighted for further advance research work. This review is 
helpful in understanding of biology or  mechanism of parasitic castration and its 
contributory role the balancing of aquatic ecosystem.
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Abbreviations 
AC: Acini; C: Cercaria; CAC: Compressed Acinus; DAC: 

Disorganization of Acinus; DG: Digestive Gland; DGT: Digestive 
Gland Tubule; DO: Developing Oocyte; GE: Germinal Epithelium; 
LTP: Larval Trematode Parasites; O: Ovary; OC: Oocyte; OG: 
Oogonia; PG: Prostate Gland; S: Spermatozoa; SC: Sertoli Cell; SG: 
Spermatogonia; SP: Sporocysts; T: Testis; TP: Tunica Propria.

Introduction 
Snails are unsegmented coelomate invertebrate animals 

belonging to Phylum Mollusca and Class Gastropoda and inhabited 
both the terrestrial and aquatic habitats. Most of the snail species 
are dioeciously and their sexes are separated. In the monoecious or 
hermaphrodite snail species, individuals have both male and female 
gonads. But in the aquatic monoecious pulmonate snails have only 
single gonad called “ovotestis” which contains both testicular and 
ovarian tissues. Although these snails are mostly herbivores, some 
of them are scavengers and omnivores. But some freshwater snail 
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species, such as Ramshorn snails (Planorbis spp.), Tadpole snails 
(Physa and Physella spp.), Turret snails (Melanoides tuberculata) and 
Apple snails (Pila globosa and Pomacea spp) are invasive, pest and 
harmful for aquatic vegetation and agriculture crops [1-4]. Among 
the diverse freshwater snail species, the most common and widely 
distributed snail species are Faunus ater, Lymnaea acuminata f. 
patula, L. acuminata f. chlamys, L. acuminata f. typica, L. acuminata 
f. rufescens, L. luteola f. australis, L. Luteola f. typica, L. Luteola f. 
impura, Melania (Plotia) scabra, Melanoides striatella tuberculata, 
Planorbis (Indoplanorbis) exustus, Thiara (Tarebia) lineata, Thiara 
scabra var. choubisai, Vivipara bengalensis race gigantic, V. bengalensis 
race mandiensis and Pila spp (Figures 1a-n). Based on morphology, 
habit and habitats, these species could be identified. The genus of 
these snails remains the same, but their species are varied in different 
geographical regions or countries.

Among the freshwater snail species, apple snail (P. globosa) is one 
of the largest molluscs. It has wide ranges of habitats and found in 
ponds, pools, tanks, lakes, marshes, rice fields and sometimes even in 
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streams and rivers [1, 10]. They are also amphibious and well adapted 
for life in water and on land. Some snail species are found to be 
stenotopic and able to tolerate only a narrow range of environmental 
changes. But many species are also eurytopic and have wide range of 
their distribution.  Aquatic snails are also good bio-indicators for the 
assessment of paleo-environment, different kinds of aquatic habitats, 
trophic stages of lentic ecosystems and endemic of trematodiases [11-
13]. Because of their feeding habits, most of the aquatic snail species 
are act as intermediate hosts of wide range of digenean trematode 
parasites of vertebrates include man and animals. Indeed, these 
aquatic snails complete the life cycle of these helminth parasites and 
harbour their asexual reproductive stages, such as sporocyst, redia 
and cercaria and rarely metacercariae [14, 15]. Metacercariae are the 
infective stage and causes trematodiases in the final vertebrate hosts. 
Therefore, these aquatic snails are also considered to be act as vectors 
for diverse trematodiases, such as schistosomiasis, clonorchiasis, 
opisthorchiasis, fascioliasis, paragonomiasis, amphistomiasis, para-
amphistomiasis, etc. The prevalence and spreading of trematodiasis 
are directly proportion to the population, density and distribution of 
vector snail species [5]. 

In many countries, due to being vector and pest, many snail 
species are destroyed and eliminated by using of different types of 
molluscicides. But there is a high risk of threat or damage to non-
target aquatic organisms, vegetations and aquatic ecosystem due 
to repeated use of molluscicides and there are greater chances of 
ecological balance in aquatic environment. But during the evolution, 
such a unique adaptive strategy, “parasitic castration” has been 
developed in aquatic vector snail species, which does not harm the 
aquatic ecosystem and does not cause any damage to the aquatic 
animals and vegetations. In fact, parasitic castration controls the 
population of vector snails and reduces spreading of trematodiases. 
Parasitic castration also induces gigantism, sex changes or reversion 
and alteration the gene expression in brain of snails. In present 
communication, the most common vector snail species, diverse 
trematode larvae and their basic biology and mode of parasitic 
castration in aquatic snails and its contribution in control of 
population of diverse vector snail species, spreading of trematodiases 
and ecological balance in aquatic ecosystem are considered and 
brief and critically reviewed. Simultaneously, research gaps are 
also highlighted for further research study. The review is useful in 
understanding of biology or mechanism of parasitic castration and its 
significant contribution.

Larval Trematodes and Their Biology in 
Brief

Aquatic snails, serve as hosts for at least two stages in the life-
cycle of digenetic trematodes parasites of vertebrates. As soon as the 
miracidium larva (infective stage) hatches from the eggs of digenean 
trematode parasites, it penetrates the soft tissues of snails to be 
transformed into the next larval stage called sporocyst. The latter 
gives rise either to daughter sporocysts or rediae depending on the 
developmental pattern of trematode species. Morphology of sporocyst 
is not uniform and varied greatly that either produces cercarial larvae 
directly or give rise to redial larvae which in turn produce a large 
number of cercariae [14,15]. Cercaria larva is non-feeding and free 
swimming stage and finally these larvae transformed to an infective 

stage called metacerariae in cyst form. Based on morphology, 
movement and behaviour, these intra-molluscan stages (sporocysts, 
rediae and cercariae) could be easily identified and are well studied 
by several workers [16-31]. The most common and widely distributed 
trematode cercariae are furcocercous, echinostome, amphistome, 
xephidiocercous, gymnocephalous and monostome [14,15]. Among 
the metacercariae, aspidogaster, echinostome, opisthorchid, 
plagiorchiid, strigeid, etc. are the most common metacercariae and 
reported from different geographical provinces [5,32]. 

Interesting, as the advancement of these intra-molluscan larvae 
their various organ systems, such as nervous, excretory (flame cells), 
digestive, reproductive, etc. are also progressive and well developed 
at the cercarial and metacercarial stages. These organ systems in 
sporocysts, rediae, cercarae, metacercarae and juvenile trematodes 
are well studied in both in-vivo and in-vitro by several workers [33-
39]. However, the digestive and reproductive systems are almost in 
non-functional. For getting a continuous energy needed for growth, 
development and multiplication, sporocyst and redial larvae depend 
on extra-cellular digestion [39]. In sporocyst, the digestive system is 
completely absent; therefore, these larvae absorbed food nutrients 
through general body surface. However, redial stage is nutritionally 
more advanced over the sporocyst larvae. Digestive system in redia 
is physiologically is partially active or functional and consisting 
of mouth, pharynx, pharyngeal gland and single elongated blind 
gut.  Redia has been found to use both the routs to obtain nutrition 
through tegument and caecal gut. This is a physiological adaptation 
in radial larvae for getting maximum amount of energy required for 
growth, development and multiplication of germ cells into numerous 
free swimming cercarial larvae [14,15,5]. For getting continuous 
energy, these trematode larvae parasitized in those organs of snail 
hosts having ample amount reserve food nutrients, glycogen, lipids, 
proteins, etc. and these organs are haepatopancreas and reproductive 
(gonads) [39]. But, how miracidium larvae trace out these organs is 
still mysterious and has not yet been proven conclusively. However, 
it may possible due to presence of numerous sensory papillae on their 
anterior region of the body.  

The seasonal occurrence or infection, behaviours and host-
specificity of diverse trematode larvae are well studied [40-43]. The 
occurrence of these larvae is greatly varied season to season and 
species to species. In general, the maximum infection of trematode 
larvae occurs in the post monsoon and pre-winter seasons. But some 
species of trematode larvae in snails are found throughout the year. 
In some cases, some species of trematode larvae infect more than one 
host snail species. It has also been reported that one snail species can 
harbour more than one species of trematode larvae. However, most 
of the trematode larvae are host-specific and restricted to specific host 
snail species [43].    

Parasitic Castration   
The term “castration” is generally used in medical and veterinary 

practices for the sterilization or removing of testicles or male gonad 
of man and animals, respectively. Sometime this term also used for 
removing the female gonad or ovary. Castration process may be a 
surgical or chemical but ultimately aim of castration is the sterilization 
which greatly reduces the fecundity of reproduction or production of 
sex hormones, testosterone and estrogen. Its purpose is only control 
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Figure 1: The most common freshwater vector snail species. Lymnaea 
acuminata f. patula (Figure a), L. acuminata f. chlamys (Figure b), L. 
acuminata f. typica (Figure c),  L. acuminata f. rufescens (Figure d),  L. 
luteola f. australis (Figure e),  L. luteola f. typical (Figure f),  L. luteola f. 
impure (Figure g),  Planorbis (Indoplanorbis) exustus (Figure h),  Faunus 
ater (Figure i), Melania (Plotia) scabra  (Figure j), Thiara (Tarebia) lineate 
(Figure k), Melanoides striatella tuberculata (Figure l), Vivipara bengalensis 
race gigantica (Figure m) and V. bengalensis race mandiensis (Figure n).

of overpopulation. But it can also lead to population imbalance. 
During the evolution, a unique kind of biological castration process 
is evolved in many species of invertebrate animals which is natural 
and performed by a small organism, parasite (castrator). Due to 
physical presence of a parasite causes partial or complete removal 
of gonads from the host animal or inhibition of gametogenesis and 
output of reproduction [44]. This biological process is generally 
known as “parasitic castration”. In fact, parasitic castration is an 
infectious strategy that requires the eventual intensity-independent 
elimination of host reproduction as the primary means of acquiring 
energy [45]. In other words, a single individual parasitic castrator will 
prevent or block host reproduction when the parasite matures. Such 
type of parasitic castration is commonly found in most of the fast 
breeder aquatic animals such as gastropod molluscs or snails [46-54], 
bivalves [55-57] and number of crustaceans and other invertebrate 
animals [58-60]. Interesting, besides the sterilization of snail host, 
parasitic castration also induces the growth of young snail host called 
gigantism [58,61], sex reversal [62] and potential to alter the gene 
expression in brain of the snail host also [63].  

Mode of Parasitic Castration
Most of the studies on parasitic castration have been performed 

in freshwater prosobranch gastropod snails in which sexes are 
separated. But in hermaphrodite pulmonate snails such studies are 
still scanty [54]. In the freshwater pulmonate hermaphrodite snail 
species only single gonad is found, called  “ovotestis”, which contains 

both testicular and ovarian tissues. In general, hermaphroditism 
can convey a selective advantage to an individual by increasing 
its reproductive potential relative to non-transforming members 
of the population. This is because age-specific fecundity in many 
populations is not distributed in the same way for males and females 
[64]. But evolutionary and origin point of view the significance of 
formation of ovotestis gonad in these monoecious snail species is not 
yet clear. However, it may be a specific adaptation and requirement 
for their better survival and the conservation of species as well.  

Interesting, the basic histological architecture of both ovotestis 
and hepatopancreas (digestive gland) of snails is almost similar 
whose basic units are acini and digestive gland tubules (Figure 2a), 
respectively. Both organs are glandular and contain ample amount of 
reserve food nutrients. Hence, these organs are generally infected by 
trematode larvae for their development and asexual multiplication. 
According to the recent study [54] conducted in mature and healthy 
freshwater snail, Melanoides tuberculatus (correct name is Lymnaea 
acuminata), ovotestis is found to be closely associated with posterior 
region of hepatopancreas. Based on histological observations, 
ovotestis basically consists of numerous oval or pear-shaped acini 
embedded in the stroma of loose fine inter-acinar connective tissues. 
Each acinus composed of two distinct unequal regions, the larger 
testicular region comprising of various stages of spermatogenesis 
and the smaller one with the different stages of oogenesis or stages of 
female germ cells and having a single prominent oocyte (Figures 2a 
and b). However, in general, both the regions are lined by germinal 
epithelium. Oocytes are mostly found towards the periphery of 
ovotestis enclosed by thin membrane called tunica propria. This basic 
histological structure of ovotesis has been observed and studied by 
using of simple compound microscope. In this study, nutritive cells 
or sertoli cells have been traced out as these are important cells to 
continuous supply of nutrients or food energy to germ cells for their 
growth and differentiation. These cells have also been detected in the 
testis of dioecious freshwater prosobranch gastropod snail (Bithynia 
tentaculut) [46]. In other study, conducted in a hermaphrodite 
terrestrial pulmonate snail, Macrochlamys indica, sertoli cells have 
also been detected and reported only in young snails [65]. However, 
to know the exact cellular or histological architecture and details 
of gametogenesis in ovotestis, ultrastructural studies in different 
pulmonate snail species are highly suggestive. 

In snails, both hepatopancreas and ovotestis contain reserve foods 
in the form of glycogen, lipids and proteins [66]. Therefore, both the 
organs are ideal niche for larval trematode parasites (castrators). In 
fact, these organs are good sources of continuous supply of energy 
for trematode larvae required in their growth and multiplication. 
That is why these organs are invaded by larval tremarode parthanitea. 
However, hepatopancreas is a common niche for wide range larval 
trematode species [5]. The growth and multiplication of trematode 
larvae generally occurred in inter-acinar connective tissues or spaces. 
But these larvae never invade the acini of ovotestis (Figure 2c). This 
similar pattern is also found in the hepatopancreas where these 
trematode larvae occupied the spaces of inter-digestive gland tubules. 

Parasitic castration by parasitic castrators (trematode larvae) 
in aquatic snails has been studied by several workers [46-54] and 
reported that degenerative changes in the gonads are the result of 
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pressure effects from the trematode larvae combined with the toxic 
effects of parasitic excreta. But other workers suggest that mechanical 
damages in ovotestis such as rapture of tunica properia and 
destruction or disorganization of acini and inter-acinar connective 
tissues are the resultant of cumulative effect due to migration, feeding 
and multiplication (parasitemea) of castrator trematode larvae. But 
the size and types of trematode larvae are also important factors to 
create a mechanical pressure for damaging of tissues of ovotestis. 
Besides these histopathological changes or damages, another type 
of damages such as starvation autolysis and necrosis of acini and 
inter-acinar connective tissues (Figure 2d) are also found only in 
the severely infected ovotestis with trematode larvae. In fact, these 
are physiological damages in the gonads which are overlooked by 
researchers. However, these physiological changes are well studied 
histologically and histochemically in heapatopancreas of freshwater 
snails infected with diverse trematode larval parasites [66- 68]. 
These studies revealed that starvation autolysis and necrosis are 
the resultant of release of proteolytic enzymes from the ruptured 
epithelial cells of digestive gland tubules and enzymatic secretion 
and metabolic excretion from larval trematode parasites as well [14]. 
Starvation autolysis and necrosis are possible in the germinal tissues 
of ovotestis due to squeezing of acini (Figure 2d) at different points 
and consequently no food can pass into these acini. Nevertheless, 
the magnitude of these pathological changes in gonadial tissues is 
much more depending on the degree of parasitaemia. However, these 
histopathological changes are found more severe in gonad infected 
with rediae rather than with sporocysts. Because of these larvae have 
relatively a large sized body and locomotary orgons (lappets). Another 
reason, redia larva has well developed mouth, pharynx, pharyngeal 
glands and elongated blind gut. It has also been observed that rediae 
engulf the host’s cells and utilize the hydrolases [39, 66] for extra 

cellular digestion. Thus it can be conjectured that redial stages are 
more destructive than other stages for the host tissues. Besides this, 
other contributory factors can be parasitic secretions and excretory 
products that produce toxic effects [14]. Such histopathological 
changes or damages, mechanical and physiological in hepatopancreas 
of snails infected with larval trematode parasites are also well 
studied [69]. However, to know more about the physiological or 
histopathological changes in parasitized ovotestis or gonads of snails, 
histochemical and ultrastructural studies are more useful.

Contribution of Parasitic Castration
In humans and domestic animals, castration or sterilization is 

the most effective way for the control of their overpopulation. But 
in this way there is a high risk of population imbalance. The parasitic 
castration in invertebrate animals is a perfect and the most ideal 
natural way for the control of their overpopulation, such as in diverse 
fast breeding vector snail species. The various species of snails found 
in any aquatic habitat are not infected by trematode larvae all together, 
but they are infected by these larvae of different species of digenean 
trematode parasites at different seasons [6,40]. It is also not necessary 
that the parasitic trematode larvae infect only the reproductive organs, 
gonads. These parasites also infect the hepatopancrease of snails. Most 
of the snails often lose their reproductive capacity due to parasitic 
castrations, which have a profound effect on their population and 
begin to decline. This keeps the population of these different species 
of vector snails of any aquatic ecosystem under control. This not 
only reduces the conflict or competition between different species of 
snails for food and space or shelter, but also maintains the ecological 
balance in aquatic ecosystem. With the increase in the population of 
snails, there is also the possibility of threatening the existence of other 
fauna and flora present in the water. Water quality is also maintained 
by having a balanced population of snails. Therefore, the parasitic 
castration of snails proves beneficial to the aquatic ecosystem and its 
fauna and flora in many ways.

It is well documented the snails are intermediate hosts of wide 
range of pathogenic digenean trematode parasites of man and animals. 
These snails harbour their various larval stages. These trematode 
larvae are also host-specific. Therefore, snails harbour only larvae of 
specific species of trematode parasites. Therefore, these vector snails 
spread a specific trematodiasis in man and animals. Nevertheless, 
the prevalence and spreading of trematodiasis are much more 
depending on the population of vector snail species. It is evidently 
clear that parasitic castration keeps the overpopulation and density 
of snails under control, which also reduces the risk of spreading 
trematodiases. In any case, the generation of parasitic castration is 
helpful or beneficial not only in controlling the population of vector 
snails and trematodiases, but also in keeping the aquatic ecosystem 
healthy and strong.

Conclusions 
Aquatic snails are intermediate hosts of digenean trematode 

parasites and complete their life cycle. In snails, various larvae 
(sporocyst, redia, cercaria and rarely metacercaria) of these parasites 
developed and multiplied in the nutritionally rich reproductive organs, 
gonads. These larvae also act as castrators and block the reproduction 
by mechanical and physiological damages in gonads of aquatic snails. 

 a) b)

c) d)

Figure 2: Junction of ovotestis with acini and digestive gland lobes/tubules 
of mature and healthy aquatic monoecious pulmonate snail, M. Tuberculata 
(correct name is L. acuminata) (Figure a, H&E x 100). Enlarged portion of 
acinus showing male germ and female germ cells (Figure b, H&E x 100). 
Moderate infection of trematode larvae and degenerative changes in acini 
(Figure c, H&E x 100). Section showing autolytic necrosis and almost all the 
acini completely replaced by trematode larvae (severe infection) or complete 
parasitic castration of ovotestis (Figure d, H&E x 100).
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This is also known as parasitic castration. This phenomenon is an 
infectious strategy that requires the eventual intensity-independent 
elimination of host reproduction as the primary means of acquiring 
energy. Parasitic castration is also induces gigantism, alteration the 
gene expression in brain and sex reversion in snail hosts. Parasitic 
castration has significant contributions in controlling of density and 
overpopulation of diverse vector snail species. Due to which the risk 
of spreading trematodiases in humans and animals automatically 
decreases, while inter and intra-specific competition for food and 
space is also reduced in aquatic ecosystem. Thus parasitic castration 
maintains the balance and strength of the ecosystem of aquatic 
habitats. To know the exact mechanism involve in physiological 
damages of ovotestis, histochemical and ultrastructure studies are 
ideal. To determine the effect of parasitic castration on host snail 
population dynamics, reduction in spreading of trematodiases and 
competition between inter and intra-specific for food and space 
and ecological balance of aquatic habitats considerable field and 
experimental research studies are suggestive.
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