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FOREWORD 

Freshwater molluscs include several species of socio-economic impor
tance, as intermediate hosts of a number of disease-causing parasitic hel
minths and also as exploitable food resource of men and duckeries as well. 
Although they attracted the attention of several zoologists because of their 
medical and veterinary importance, leading to various investigations parti
cularly during the first quarter of the present century, no reference book on 
Freshwater Molluscs of India has so far been available. 

One of the major objectives of the Zoological Survey of I ndia has been 
to undertake faunal exploration and prepare an inventory of each group of 
the Indian Fauna. It is the only Institute in India maintaining an exten
sive collection of molluscs and attending to different enquiries on 
their taxonomy. Dr. N. V. Subba Rao has been with the survey for nearly 
three decades and his well gained experience has found its expression through 
this book. I have an opportunity to obselve him at close quarters and find 
that he has the potential to write a few mOle books for the benefit of stu
dents of Zoology, particularly malacology in India. 

In this Handbook~ Dr. Subba Rao has meticulously up-dated our know
ledge of freshwater molluscs of India and neigbbouring countries. The in
formation presented in tbis work is of inherent interest and utmost value 
to the students of Zoology in general and of Malacology in particular. It 
is not only an useful identification manual of Indian freshwater molluscs 
but an important source of basic information of interest to the taxono
mists, limnologists and helminthologists as well. I am happy that the Zoo
logical Survey of India is bringing out this publication concurrent with its 
objectives. 

I wish to congratulate Dr. Subba Rao for the onerous task he has under
taken in consolidating the knowledge of freshwater molluscs of the Indian 
region. 

B. K. Tikader 
Ex-Director, 

Zoological Survey of India 



PREFACE 

MOLLUSCA is a large phylum, second only to Arthropoda in the num
ber of species. The molluscs have colonised every possible habitat and are 
dominant in benthic communities of aU aquatic ecosystems. The largest 
number of molluscs are found in the marine environment where some forms 
support valuable shell and pearl fisheries in addition to the lime industry. 
Species inhabiting the freshwater ecosystems are few in number and our 
knowledge of this group is rather limited. Experts as well as students dea
ling with freshwater molluscs are often handicapped by the absence of any 
worthwhile guide book on the subject. The present handbook by Dr. N. 
V. Subba Rao is aimed at filling this void and will serve as a useful guide to 
all those interested in any aspect of Malacology. 

There are very few centres in India supporting active research in the mol
luscan taxonomy. Zoological Survey of India has been the foremost orga
nisation actively engaged in this field right from the day of its inception in 
1916. A number of distinguished malacologists such as Drs. N. Annandale, 
B. Prashad, H.S. Rao, H.C.Ray and a host of others worked in the labora
tories of the Zoological Survey of India and have contributed profusely to 
our knowledge of freshwater molluscs of the Indian subcontinent. Dr. Subba 
Rao, the author, who has done extensive taxonomic work on tel restrial, 
freshwater and marine molluscs of India has presented in this book a com
prehensive account of the freshwater molluscs of India and adjacent 
countries. 

The present volume is nineth in the series of Handbooks published by the 
Zoological Survey of India. It gives detailed account of 285 species of 
freshwater molluscs reported from India, Pakistan, Bangladesh, Burma, Sri 
Lanka and other adjoining countries and draws our attention to hitherto 
unexplored areas of research and commercial potentialities of the molluscs 
with special reference to aquaculture for production of food and pearls. 
An extensive bibiliography and subject index are also provided in the book. 
It is hoped that this handbook on Freshwater Molluscs will serve as an useful 
identification guide and source of information to students and research 
workers of Malacology, Helminthology and Limnology. 

Mohammad Shamim Jairajpuri 
Director, 

Zoological Survey of India. 



AUTHOR'S PREFACE 

From the time I joined the Mollusca Section in the Zoological Survey 
of India, in the year 1960, I have had to attend to several enquiries on mol
luscs received from the researchers in the Universities and other scientific 
institutions in India and abroad. In the process of attending to these en
quiries I have noticed that there are several problems that need to be sorted 
out with regard to freshwater molluscs. The greatest problem that every 
one has been facing is the absence of a reliable and up-to-date identification 
guide to all freshwater molluscs of India. When I started working out, in 
a very casual way, on the preparation of such a book, I did not visualise that 
the task would be so stupendous. The taxonomy of several Indian molluscs 
is not thoroughly known. The ecology, biology and anatomy of only a few 
species have been investigated and thus making it difficult for their proper 
placement in the modern system of classification. 

In the process of sorting out various nomenclatural problems and others 
associated with the preparation of this book considerable original research 
had to be undertaken. However, it should be admitted that the present 
work reflects the state of our knowledge of Indian freshwater molluscs 
bringing out several points which still need further study and elucidation. 

Though initially the idea was to restrict the study to Indian species 
only, it was later enlarged to include species occurring in Bangladesh, Burma, 
Sri Lanka and Pakistan. for obvious reasons. 

The book is intended firstly, to provide available information on 
taxonomy and distribution so as to inspire and facilitate further researches on 
ecology, physiology and other aspects of molluscan study. The state of art 
on each species and the bibliography provided at the end should be helpful 
to those who would like to undertake further investigations on molluscs. 
Although a few very recent important references have been included in 
the bibliography the cut off year for references in general should be 1980. 
Secondly, it is hoped that it would also serve the needs of students of Indian 
Universities, where molluscs are used as material for research and 
teaching. The keys and illustrations would be of particular help to get 
proper identification of their local fauna. 

From the account presented here, it would be clear that most of the ear
lier work on freshwater molluscs was devoted to a few common species, 
especially gastropods. In some groups of molluscs no further investigations 
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were made after the original discovery or first discovery from India. Fur
ther, the systematics of many families are still in a confused state. When more 
intensive collection is made and types studied some of the species may become 
invalidated. To help any such future investigators type species of a genus 
and the type locality of each species are given wherever possible. 

This present \vork wherein I have attempted to survey and consolidate 
the available information on freshwater molluscs of India is only an intro
duction to the subject which has to be pursued by detailed investigations. 

N. V. SUBBA RAO 

Vllt 
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INTRODUCTION 

The fresh water molluscs constitute an important part of the ecosystem. 
Their participation in the way ofHfe of many organisms has made them signi
ficant partners in the ecological communities. 

Not only many aquatic animals thrive on them, but they also serve as 
food for humans in many areas, in some cases attaining the level of delicacy. 
As vectors of trematode parasites they are instrumental in the transmission 
and spread of many diseases in livestock and humans, of which Schistoso
miasis is reckoned as a potential threat to the human popUlation of a large 
part of the globe. At the other end the larval bivalves are parasites on 
fishes. From the zoogeographical point of view some of the molluscs rank 
as excellent material. 

Notwithstanding their role in aquatic ecosystem they were less explored 
ecologically and biologically. A perusal of the literature shows a paucity of 
information on several aspects of these molluscs of India. A good taxono
mic account was given by different authors in the past, but at the same time 
much confusion was also created by the addition of several isolated and 
inadequately described species, the types of some of which are not available 
at present. 

An array of literature is available on the freshwater molluscs of India. 
But neither a comprehensive account of the group in India as a whole is at 
hand nor an attempt has been made to study their occurrence, distribution 
and factors governing population density. The present work, it is hoped 
will fill up that long felt lacuna and inspire further investigations. 

More than seventy years have elapsed since the publication of Preston's 
Fauna of British India-Freshwater Gastropoda and Pelecypoda. In the 
intervening period a vast amount of knowledge has accumulated on the fresh
water molluscs. A number of new species, new excellent information on 
their biology, bionomics and distribution have been added. It is no easy 
task for the beginner to allocate his collected specimens to the particular 
genus, let alone the particular species. In recent years the problem has 
become almost acute. The present work serves as a guide and it is hoped, 
based on this to publish a revised fauna of freshwater molluscs of India in 
near future. 

The author has examined large collections in the Zoological Survey 
of India and also has carefully gone through the literature. The first few 



2 Zoological Survey of India 

chapters give an idea about general structure, bioecology and the methods of 
collection and preservation. Keys have been provided to identify the 
families and the genera under the respective family. In the catalogue of 
species all those described from India and adjacent countries are included 
after ascertaining as far as possible the present status of each species. The 
families Thiaridae, Lymnaeidae, Planorbidae and Unionidae need further 
revision. A biosystematic approach is necessary to delineate each species 
and to show its exact systematic position. In the present state of knowledge 
it is difficult to provide keys to all the species. However, their salient dia
gnostic features and their known distributions are given. 

The freshwater molluscs are distinguished into two natural groups, 
namely primary freshwater and secondary freshwater. The primary fresh
water molluscs are confined exclusively to the freshwater habitats. There 
are many species which are distributed both in estuarine-and fresh-waters. 
Such genera as Neritina, Clithon, Septaria, Scaphula and Novaculina belong 
to this category. The genus Thiara is primarily freshwater with a tolerance 
to saline waters. The family Stenothyridae and subfamily Iravadiinae 
include primarily estuarine or saline water species, occasionally occurring 
in freshwaters. Among bivalves the genera Villorita, Geloina, Batissa and 
Tanysiphon are primarily estuarine, rarely occurring in freshwaters. These 
genera are however included here following Preston's fauna volume (1915). 
The family Assimineidae is excluded from the purview of this book. 

Sincere attempts are made to bring an order in the taxonomy of 
molluscs. Yet much remains to be done. It is hoped that the present 
work would provide the necessary impetus and serve as a basic guide to all 
those concerned with Indian molluscs. 

General Organisation 

The freshwater molluscs have a shell, in which the soft parts are 
enclosed. Most species can be conveniently identified by their shell charac
ters. However, in some groups the conchological characters have to be 
supplemented by their anatomical characters also. The more modern 
techniques like chromosome study, chromatography, and electrophoresis 
of blood and egg protein are yet to make a dent in molluscan taxonomy 
in India. 
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Gastropoda 

Shell 

The shell in gastropoda is a single, usually dextrally coiled spiral valve 
(Fig. 1). A sinistral shell occurs only in the genus Camptoceras amongst 
Indian species (Fig. 2d). The shell usually encloses the visceral mass and 
the foot when the animal is retracted into the shell. It has a large body 
whorl and a spire, including more than two whorls, terminating in an 
apex. The body whorl opens at the mouth or aperture, which is closed by 
a horny or calcareous operculum in prosobranchs (Fig. 3). The operculum 
is absent in basommatophoran pulmonates. When a shell is held in 

12 1 _ .. _----, 

----I , ..... 
.... --- --

1 

,10-- : -,..... 
I 
1 
I 
I 
I 

----_ • .:: .... -._·Ii. 

9 -- -:-----

" / 
/ 

I I 
I I 
I I 

I 

/ 

--~ 2 
/ 

~ 
/ 

t ........ 1 

I '" ",,""'- 'I -...... 4 ......... 1'" 

, 

8" I I 
1- - - - -- -- -- _______ ,~_~_~_~_~_=~~-~_~===_ ==--=--=-=:!. ___ --__ J 

756 

Fig. 1. Shell terminology. 1-6. Length of the shell; 2. Spire; 3. Outer lip; 4. Oper
culum; 7-5. width of the shell; 8. inner lip or columella; 9. umbilicus; 10. Parietal callus; 
11. suture; 12. Apex .. 
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hand with the apex pointing away and the aperture facing the observer 
the rim on the right side of the aperture is the outer lip and the left one is 
the inner lip or columella. The columella is (some times) hollow and when 
it is more spiral the central opening or umbilicus is seen. Sometimes the 
columella is strengthened by a callus deposit. 

The shell of freshwater gastropods offers a great number of characters 
useful in taxonomy. The general shape, the presence or absence of oper
culum, the number, nature of coiling and shape of whorls, sculpture, the 
nature of umbilicus and columella, and the shape of the aperture in a shell 
are very important to a taxonomist. 

··.-- .... · .. ·; .. · ..... 'e. 

c 

e 

Fig. 2. Shell shapes. a-b. Limpet; c. Turreted; d. Sinistral; e. discoidal. 
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Broadly four different shell shapes (Fig. 2) are recorded from Indian 
freshwater molluscs. 

1. The cup-or limpet-shaped shell with very faint traces of coiling. 
It is a distinguishing feature of the family Ancylidae and the genus 
Septaria of Neritidae (Fig. 2a, b) 

2. Ovate or globose shell with a large body whorl and aperture, and 
a spire with two or three whorls is characteristic of a large number 
of gastropods (Fig. 1). 

3. Turreted shell, where the shell with several whorls is drawn out in 
length as in the family Thiaridae (Fig. 2c) 

4. Discoidal or planispiral shell, where all the whorls are in the same 
plane and coiled like a watch spring. It is the condition found in 
the majority of Indian planorbids (Fig. 2e). 

Soft Parts 

The body in a gastropod consists of a ventral flat muscular foot and a 
dorsal hump-like visceral mass. The head is distinct and bears a pair of 
tentacles, (Figs. 4-6), a mouth and a pair of eyes, situated on the inner base 
of each tentacle. The shape and size of the tentacles may also be used as 
characters in the identification. It may be broad and triangular 
(Lymnaeidae) or filiform and tapering (Planorbidae). The foot has a creep
ing ventral surface. It is divided into an anterior propodium, a middle 
mesopodium and a posterior meta podium; and operculum when present is 
attached to the dorsal part of the metapodium. The members of Septaria 
and ancylids attach themselves firmly to the substratum with the help of 
the large muscular foot acting as a sort of sucker. 

The visceral mass is covered by the mantle or pallium and anteriorly 
encloses a cavity, the pallial or mantle cavity between it and the body. The 
edge of the mantle is generally smooth, but in the majority of thiarids it is 
provided with papillae or digitiform processes. The following organs of 
the pallial complex are found within the mantle cavity. 

1. One or two ctenidia or gills. 
2. A small comb-shaped organ, the osphradium attached to the mantle 

lobe. 
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3. Hypobranchial gland, a glandular organ, situated at the base of 
the posterior gill. 

4. The terminal parts of the excretory, digestive and reproductive 
systems also form parts of the pallial complex. The rectum lies 
to the left of the ctenidium on the floor of the mantle cavity and 
opens out by the anus. The female genital duct lies left to the rec
tum and opens externally close to the anus. The anterior part of 
the excretory or renal organ opens into the posterior end of the 
mantle cavity by the renal aperture. 

c D 

Fig. 3. Types of opercula. A. Paucispiral (with excentric nucleus); B. Multispiral; 
C. Concentric (with central nucleus); D. Concentric (with spiral nucleus). 
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Fig. 4. Bel/amya bengaiensis: Animal on removal of 
shell. Ft.: Foot; Sn.: Snout; Te.: Tentacle; E.: Eye; 
Msk.: Muscular collar; Em.: Embryo; Ki. : Kidney; 
Puw.: Pulmonary wall; Dgl.: Digestive gland. 

7 

. ...... Te 

........ Ft 

. ......... Hd 

... _ ... DgI 

.. _ ..... Go 

Fig. 5. Brotia coslula: Animal on removal 
of shell. Te.: Tentacle; Ft.: Foot; Hd.: 
Head; Ki. : Kidney; Dgl. : Digestive 
gland; Go.: Gonad. 
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In prosobranchs the mantle cavity opens to the exterior through a 
large gulley at the anterior end while in the pulmonates, the opening is 
through a small, somewhat oval opening, the pneumostome on one side 
which in some cases may be drawn out into a siphon during respiration. 
True gills and hypobranchial glands are lacking in Pulmonata, but a lung 
adherent to the mantle is present. Respiration is aerial and carried out by 
the lung, formed by a separate invagination during early development. In 
early embryos the lung appears as a small chamber in the mantle cavity. 
Before the completion of the larval development the lung becomes adherent 
to the mantle. It is non-separable from the mantle in an adult snail and 
the latter appears as a highly vascularised structure. In ancylids and planor
bids there is an accessory respiratory structure known as pallial gill or 
pseudobranch situated externally near the pneumostome. 

"~~ ......... Me 

Ki 
t .......... Rect 

......... Ht 

::" .. :' 

./_ ........ - St 
'. ':".'.',/ 

1II._ .. ···_·_ .. ··· .. ··Int 
.... --........ _. Ogl 

Fig. 6. Indoplanorbis exustus. Animal on removal 
of shell. Te.: Tentacle; Ft.: Foot; Hd.: Head; 
Me.: Muscular collar; Ki.: Kidney; Rect. : Rectum; 
Ht.: Heart; St.: Stomach; Int.: Intestine; Dgl.: 
Digestive gland. 
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Fig. 7. Thiara torulosa. Digestive System. Dgl.: Digestive gland; St.: Stomach; In.: 
Intestine; S. Sa.: Salivary sac; Rect.: Rectum; Oe.: Oesophagus; S gl.: Salivary gland; 
Bm.! Buccal mass; An.: Anus. 
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Digestive systent 

Typically it consists of a mouth, the buccal mass, the oesophagous, 
the stomach, the intestine and the rectum (Fig. 7). All the fresh water 
molluscs of India are herbivores and the mouth is a· simple structure 
situated on the anteroventral part at the snout. It leads into a buccal cavity 
enclosed in a buccal mass which has two characteristic organs-a paired or 
a single jaw and an odontophore containing a buccal cartilage and a 
radula. The radula is a ribbon-like structure covered with transverse rows 
of chitinous teeth. Each transverse row has a central or a rachidian tooth 
on either side of which there are symmetrically arranged lateral and mar
ginal teeth. Each lateral tooth has two or three main cusps, namely endo
cone, mesocone and ectocone. Marginal teeth are obliquely arranged and 
bear several minute cusps: The number of radular teeth in a prosobranch 
is much less than that in a pulmonate but of usually larger size than in the 
latter. The number, arrangement and structure of teeth on the radula are 
o()f considerable systematic value. 

The buccal mass leads into a tubular oesophagus, which in turn opens 
into the stomach. There are a pair of salivary glands arising from the 
postero-dorsal surface of the buccal mass. A pair of buccal glands are 
present in some prosobranchs. The stomach consists of an anterior globular 
and a posterior tubular region. In some pulmonates the anterior part of 
the stomach is partly or wholly muscularised to form a gizzard. The thin 
walled part behind the gizzard is known as pylorus, into which opens the 
caecum. In many prosobranchs, the stomach is evaginated anteriorly 
to form the style sac which contains a rod-like structure, the crystalline 
style. The stomach is connected to a coiled intestine. The digestive gland 
is very large and connected to the stomach by one or more digestive ducts. 

Circulatory system 

Heart: It is enclosed in the pericardium. It consists of one or two 
anterior auricles and a posterior ventricle in prosobranchs, but in pulmonates 
there is only a single auricle. The arterial system is well developed in 
pulmonates. Blood is discharged through aortae which branch off into 
a few large sinuses and numerous capillaries. (Fig. 8). 

Respiratory system 

In prosobranchs respiration is carried through ctenidia or gills situated 
in the mantle cavity. The ctenidium may be bipectinate, with two rows 
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Fig. 8. Pi/a globosa. Diagramatic sketch (seen from left side) showing the position of 
.heart and the principal vessels. A ct v: Afferent ctenidial vein; Ct.: Ctenidium; E ct v: 
Efferent ctenidial vein; Pu v: Pulmonary vein; Au: Auricle; Pu ch.: Pulmonary chamber; 
A a: Aortic ampulla; Le si: Left sinus; Pe ar: Pedal arteries; Br re s: Branchio renal sinus; 
An rc: Anterior renal chamber; E rev: Efferent renal vein; V: Ventricle; Vi m: Visceral 
mass; Pa re ch: Posterior renal chamber; M vi a: Main visceral artery; Ga ar: Gastric 
artery; Vi a: Visceral aorta; Op: Operculum; Ft: Foot. 

of branchial filaments or monopectinate with one row of filaments as in 
Pi/a. Specific differences have been found in the gill-lamellae of viviparids. 

Exc,.eto,.y System 

Excretion is effected by a single kidney which is attached to the mantle 
close to the pericardium and communicates with it by a renopericardial 
aperture. The adult kidney is morphologically right or left one. depending 
on the direction of torsion, dextral or sinistral. The structure of the kidney 
can also serve as a taxonomic character. 

Kidney is generally located in the visceral mass (e.g. Bellanlya) or a 
small anterior part may project into the mantle cavity (e.g. Brotia). 
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The kidney is either divided into non-glandular accessory lobe and a 
glandular lobe as in Brotia or not divisible as in Bellanlya and pulmonates. 
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Fig. 9_ Pi/a globosa. Nervous System_ Te: Tentacle; E: Eye; L ce gn: Left cerebral 
ganglion; L ce pI en: Left cerebro pleural connective; L ce pe en: Left cerebro pedal con
nective; Os: Osphradium; L pI gn: Left pleural ganglion; If in n: Infra Intestinal nerve; 
Pe em: Pedal commissure; Os pI n: Osphridial nerve; Su in gn: Supra intestinal ganglion; 
Su in n: Supra intestinal nerve; Su in en: Supra intestinal connective; Oe: Oesophagus; 
Ft: Foot; Ce Cm: Cerebral commissure; R ce gn: Right cephalic ganglion; R ce pi en: 
Right cephalic pleuro connective; Sc: Statocyst; R pI gn: Right pleural ganglion; Ct: 
Ctenidium; Rect: Rectum; Gnd: Genital duct; Ep: Epitaenia; If in en: Infra intestinal 
connective; Vi gn: Visceral ganglion. 
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Nervous Systent 

It consists of a series of paired ganglia, namely the cerebral, pleural, 
buccal and pedal, and unpaired visceral, supra oesophageal and 
sub oesophageal ganglia, their commissures and connectives. (Fig. 9). 

As a result of torsion, in prosobranchs, there is a crossing of visceral 
nerves into a figure of 8. The right one passes above the intestine forming 
supra-intestinal nerve and the left one passes below forming the infra
intestinal ganglion and nerve. 

In pulmonates there is strong condensation of visceral loop and con
ceniration of ganglia near the oesophagus. 

Reproductive System 

The sexes are separate in prosobranchs, but united in pulmonates. 
In some prosobranchs (Neritidae and Viviparidae) the nlales and females 
can' be distinguished by the size and the presence of a penis. The gonad is 
always unpaired and is embedded in the digestive gland (Fig. 11, 12, 14) in 
the top whorls of the spire of the shell. 

The male is provided with a penis (except in the ceritheaceans, which 
lack a penis) situated on the right side, behind the cephalic tentacle. The 
testis leads into a vas deferens or the male duct which bears a number of 
seminal vesicles. There may be a distinct prostate gland or a part of the 
"as deferens may serve as prostate gland (Fig. 10). The sperm duct lies on 
the floor of the mantle cavity and is connected to the base of the penis or to 
the male genital pore as the case may be. 

The reproductive system in females is more complicated than in males. 
The oviduct.is divided into the visceral oviduct and pallial oviduct. The 
latter acts as a brood pouch for the developing young in the case of ovo
viviparous forms. The seminal receptacle and bursa copulatrix are con
nected primarily to the oviduct at the junction of pallial and visceral por
tions. 

In pulmonates the male and female organs open to the exterior through 
gonopores. The gonad consists of ovotestis which gives off the ovotestis 
duct which incompletely separates into a spermduct and oviduct. The 
sperm duct receives secretions from prostate gland and opens into the penial 
complex through the vas deferens. The penial complex or copulatory organ 
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Fig. 10. Bellalnya bellgalensis: Male reproductive system (organs slightly displaced) 
Ts: Testis; R te: Right tentacle; He: Head; Vd: Vas deferens; Pr: Prostate; Mf: Mantle; 
L te: Left tentacle. 

Fig. 11. Brotia costilla: Female on removal of shell. Ov: Ovary; D gl: Digestive gland; 
St: Stomach; M el: Medial lamina ; Rect: Rectum; Br P: Brood Pouch; He: Head; Te: 
Tentacle. 
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Fig. 12. Brotia costilla: Female dissected. Ov: Ovary; D gl: Digestive g1and; Od: 
Oviduct; B cp: Bursa copulatrix; Mel: Medial lamina; La In: Lateral lamina. B P: Brood 
Pouch; Mf: Mantle. 
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Fig. 13. Brotia costula: Female reproductive system. Ov: Ovary; Od: Oviduct: B cp: 
B~rsa copulatrix; Al gl: Albumen gland; Al gl d: Albumen gland duct; Ut: Uterus: Fgp: 
Female genital pore. 
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Fig. 14. Brotia costula: Male reproductive system. Ts: Testis; D g1.: Digestive gland; 
Vd: Vas deferens; Mel: Medial lamina; Pr: Prostate; Lain: lateral lamina; Mf: Mantle 
floor. 
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consists of two parts, an upper part including vergic sheath and verge and a 
lower, muscular and bulky preputium connected with the genital atrium. 
The copulatory organ is a significant character in the taxonomy of 
planorbids. The oviduct receives secretions from a large albumen gland 
and extends as the uterus (Fig. 13). It receives secretions from the oothecal 
gland and genital atrium, the latter opening to the exterior through a 
gonopore. There is a seminal receptacle duct and sac connected to the 
vagina. 

Bivalvia 

In bivalves, as the name indicates, the shell consists of two calcified 
halves or valves and a typically wedge-shaped foot. The two valves are 
united dorsally by the hinge consisting of a system of teeth and sockets. 

The shell is bilaterally symmetrical. The shetl margins are distingu
ished into anterior, posterior, dorsal and ventral. Outer surface of the 
shell bears longitudinal or concentric growth striations. I n some the um
bonal region may be radially ribbed. On the inner surface each valve bears 
traces or impressions of ligament which opens the shell and adductor muscles 
which close it. The impression of posterior retractile is also seen. The 
edge of the mantle leaves its impression, which is called as pallial line. 
(Fig. 15). 

The valves are closed or opened by one or two adductor muscles. Each 
valve is generally inequilateral. In some forms the right valve is attached 
to the substratum and hence inequivalve. 

The body is laterally compressed an~ covered with a mantle consisting 
of two halves, one on either side. The body is not divisible into a head and 
a visceral hump. Tentacles, buccal mass, the eyes, jaws and radula are 
absent. 

The foot (Fig. 16 A & B) is generally well developed and axe shaped 
(hence the name Pelecypoda), but in the attached forms it is obsolete in the 
adult. 

The two mantle folds are united posteriorly but free along the ventral 
and anterior margins. Posteriorly the mantle cavity communicates \vith 
the exterior by two openings; the ventral or lower or branchial siphon 
through which water enters and the dorsal or upper or anal siphon through 
which the water is pumped out. These are also referred as inhalent and 
exhalent siphons (Fig. 16 A & B). 
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Fig. 15. L'.lmellidens marginalis: Shell, outer (A) and inner (8) views. Li: Ligament; 
U: Umbo; G I: Growth lines; Li: Ligament; Hi: Hinge line; La t: Lateral teeth; Pre: 
Posterior retractor muscle scar; P ad: Posterior adductor muscle scar; U: Umbo; Ca: 
Cardinel teeth; A: Anterior retractor muscle scar; A ad: Anterior adductor muscle scar; 
Pr: Protractor muscle scar; Pa 1: Pallial line. 
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16. A. Lamelfidens m!lrginalis: Animal after removal of shell and a part of the mantle 
lobe. Pm: Protractor muscle; An am: Anterior adductor muscle; An rm: Anterior re
tractor muscle; Lp: Labial palp; I gl: Inner gill lamellae; Vi m: Visceral mass; Ft: Foot; 
Po rm; Posterior retractor muscle; 0 gl: Outer gill lamellae; Po am: Posterior adductor 
muscle; Ex S: Exhalent siphon; In S: Inhalent siphon; Mn: Mantle. 

Np --- ------ ---

---- ----------- Mn 

16_ B: Dissected animal showing different internal organs. NP:. Nephridium; D gl: 
Digestive gland; St: Stomach; Oh: Oesophagous: ~n am: AnterIor addl~ctor .nluscle; 
M:'.Mouth; Lp: Labial palp; Ov: Ovary; Int: Intestine; Ft: Foot;. Pc: PerIcardium; V: 
ven~icle; Au: Auricle; Rect: Rectum; An: Anus; Po am: Po~terIor adduc~or muscle; 
K,i.: Kidney; Gn P: Genital pore; Od: oviduct; Ex s: Exhalent siphon; GI: GllIlamelJae; 
In s: Inhalen1 siphon; Mn: Mantle. 
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Digestive System (Fig. 16B) 

The mouth is situated anteriorly below the anterior adductor 
muscle. On either side of the mouth there are leaf-like structures, the labial 
palps. The palps are hilobed and lined with cilia on the surface. The 
cilia are responsible for creating currents in the water and guiding the food 
towards the mouth. The mouth leads directly into a short oesophagous 
which further leads into stomach. This opens into the intestine. The 
intestine takes a few turns and leads to the rectum. It passes through the 
ventricle of the heart and opens by anus into the exhalent siphon. The 
anus is situated behind the posterior adductor muscle. Close to the origin 
of the intestine, a tubular structure arises from the stomach. This is crys
talline style sac and contains a homogeneous rod, the crystalline style, 
mucoprotein in nature. The tip of the style projects in the stomach 
through a narrow opening at the base of the sac. A pair of large digestive 
diverticula surrounds the stomach. 

Circulatory System 

It is of open type. It consists of a heart, enclosed in the pericardium. 
The heart has a median ventricle and two lateral auricles. From the ven
tricle arise anterior and posterior aortae which supply oxygenated blood to 
different parts of the body. Auricles are connected with the defferent bran
chial sinuses. 

Respiratory System (Fig. 16A) 

Respiration is carried on by a pair of gills or ctenidia. Each 
gill consists of a demibranch situated on either side of the foot. The gills 
are divided into a number of compartments or water tubes with a series of 
septa or partitions. The structure and shape of the gills vary from group 
to group and are conveniently used as taxonomic characters. 

Excretory System 

Excretory system consists of a paIr of nephridia called organs of 
Bojanus. They are situated below the pericardium. Anteriorly they 
open into the pallial cavity and posteriorly into the pericardium. In addi
tion to the nephridia the anterior pericardial wall is also modified to carry 
out the function of excretion. 
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Nervous System 

It consists of pairs of ganglia, viz. cerebral, pedal and visceral' con
nected by commissures and connectives. As the distinct head is absent, 
the cerebral ganglia are also poorly developed. They are fused with the 
pleural ganglia to form cerebropleural ganglia. 

Reproduction 

The breeding habits and reproductive cycles of a few Indian freshwater 
bivalves were studied. Bivalves are in general dioecious (sexes separate). 
But functional or simultaneous hermaphroditism was noticed in Sphaeriidae 
and in a few species of Unionidae (Nagabhushanam & Lohgaonkar, 1978). 

The gonads (Fig. 16B) are paired and situated in the coils on either side 
of the intestine. Gonoducts are paired and open into the pallial cavity by 
genital apertures in front of the renal opening. 

The gonadal activity may be restricted to a certain period of the annual 
cycle as in Parreysia corrugata' (Lomte & Nagabhushanam, 1969) or it 
may extend throughout the year but with definite peaks as in Lamellidens 
marginalis, (Ghosh & Ghose, 1972) and Lamellidens corrianus, (Naga
bhushanam & Lohgaonkar, 1978). 

ECOLOGY 

Ecology of a great majority of the Indian freshwater molluscs is not 
known. Biological studies are limited only to a few species. Biologically 
known species are viviparids, thiarids ( =melanids) and pilids. (Annandale 
1921; Annandale and Sewell 1921; Ramamoorthi, 1950, 1955; Jacob 1958; 
Prashad 1925, 1928; Muley 1977). 

Freshwater molluscs are common in quiet water pools, ponds, lakes 
and flowing waters like perennial rivers, irrigation canals etc. The 
malacofauna of stagnant waters may be somewhat different from that of 
the streams. The streams in the hills and at a slightly higher elevations 
have a different fauna than those in the plains. In this respect the streams 
in the Western Ghats and Nilgiris are remarkable for their characteristic 
malacofauna. Snails belonging to the families Neritidae, Thiaridae, Ancy
lidae and Littorinidae inhabit streams and small rivers, whereas members 
of Viviparidae, Pilidae, Lymnaeidae and Planorbidae live in stagnant waters. 
Gastropods are generally found attached to submerged vegetation, rocks, 
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sticks etc. But bivalves live partly buried in the sand or mud. Similar 
to the gastropods, the bivalves exhibit variations in shell depending upon 
the ecology of the species and may produce ecophenotypes. 

Under the tropical conditions the freshwater molluscs are usually 
faced with an annual dry season. Gastropods and bivalves show varying 
capacity to survive desiccation. Many snails can overcome this by aesti
vating either under dead vegetation or debris or by actively burrowing at 
least the aperture of the shell in the mud. Some of the snails are capable 
of anaerobic respiration. With the advent of favourable conditions the 
molluscs resume their normal activities. The discontinuous and transient 
nature of freshwater bodies leads to isolation of snails or bivalves into small 
local populations. Much remains to be worked on the ecology of Indian 
freshwater molluscs. 

Gastropoda 

In the majority, sexes are separate, dioecious or gonochoristic. 
Hermaphroditism or monoecious condition is known in pulmonates and in 
Valvata among prosobranchs. Natural parthenogenetic reproduction was 
observed in Thiara (Melanoides) tuberculatus (Mueller), Thiara (Tarebia) 

~ 

lineatus Gray and Thiara (Thiara) scabra (Mueller). 

In the dioecious prosobranchs sexual dimorphism is hardly visible. 
Generally female has a larger shell than male. Sex is normally ascertained 
by the presence or absence of a penis. Males are either absent or rarely 
found in certain thiarids like T(M) tuberculatus, T(T) lineatus and T(T) 
scabra. In viviparids the males can be distinguished by their short, thick 
and curved right tentacle. 

The duration of copulation is not known. Sperm received in copulation 
are stored in the seminal receptacle; in Cremnoconchus, where a seminal 
receptacle is absent, sperm is stored in the oviduct. 

The number of eggs laid after mating and the time taken for hatching 
are variable depending upon the species· Very few species have annual life 
cycles with one breeding period; the majority breed throughout the year and 
the peak is reached soon after monsoon. 

Pulmonates are hermaphrodites with synchronous ripening of male and 
female gametes and practice copulation. Certain species are functionally 
protandrous and pair when the male organs ripe. Elsewhere self-fertiliza-
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tion was reported in Lymnaeidae, Planorbidae and Ancylidae. But so far 
no such phenomenon was reported from India. There is a controversy as 
to its occurrence in Planorbidae and Ancylidae. 

In pulmonates and in some prosobranchs eggs are laid in capsules 
embedded in a jelly-like gelatinous substance which stick to the aquatic 
vegetation. The number of eggs in each capsule varies from species to 
species. In Pi/a a gelatinous mass containing 250-300 eggs is deposited in a 
depression excavated by the snail on the bank of a pond or tank. The mass 
is protected in the folds of the mantle of the snail until a calcareous shell is 
formed around each egg. 

Among Prosobranchs a fairly good number of species are ovoviviparous. 
In viviparids and thiarids the eggs are retained in a special brood pouch or 
chamber. In some the pallial oviduct is modified to act as the "uterusH 

However, in some melanids there is a separate brood pouch. The eggs 
complete their development within the mother and the young ones hatch 
out in a form resembling that of the adult. In Viviparids the young are 
found in the uterus throughout the year but are released only in summer. 

Freshwater gastropods have no planktonic larval stage. The majority 
hatch as young snails resembling the adults. Thiara (Melanoides) crenulata 
is the only freshwater snail where free swimming veligers were reported 
(Ramamoorthi, 1955). 

Bivalvia 

In India very scant attention was paid to the biology of bivalves. Our 
knowledge on this group is mainly due to the contributions of Prashad 
(1918, 1919). 

Sexes are separate. Fertilization takes place in the branchial cavity 
and the fertilized ova pass into the spaces of the gill lamellae. The develop
ment takes place in the marsupium provided by the gills which may be 
either interlamellar occurring between inner and outer demibranch or either 
the inner or outer demibranch only. In unionid bivalves the embryo de
velops into a larva known as glochidium. The larva passes out by the 
exhalent siphon and gets attached to a fish where further development takes 
place. Lamellidens marginalis is a prolific breeder. A number of eggs 
are enclosed in a wedge-shaped capsule. Several capsules constitute one 
brood and the capsules are discharged. The capsules settle at the bottom 
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and the glochidium larvae hatch out (Ghose, personal communication). 
The parasitic life of the larva lasts for about ten weeks. When it is fully 
metamorphosed into an adult it detaches itself from the fish, drops down 
to the bottom and settles. 

COLLECTION AND PRESERVATION 

Method of Collection and Equipment 

Freshwater snails are generally found adhering to the aquatic vegeta
tion, floating objects or stones in stagnant waters. They are also common 
in paddy fields and irrigation canals. All the data pertaining to the snails 
viz: hydrographic information like the type of water body, temperature, 
nature of bottom and other ecological details are collected. A standardized 
data sheet for snails may be prepared as given by Malek and Cheng, 1974. 

Periodical surveys are conducted covering at least one calendar year 
and the data are collected as indicated in the sheets. These data are then, 
analysed which would disclose the bionomics, life-cycle etc. of the mollusc. 

The following articles are useful in the collection of the snails-I) a 
hand-net or water-net or a scoop-net,2) a small piece of cloth, 3) a few cloth 
or polythene bags, 4) specimen bottles/tubes (assorted sizes), 5) a thermo
meter, 6) hip wading boots, 7) a pair of forceps, 8) enamel trays, 9) neces
sary chemicals, 10) field note book and data sheets, 11) labels. 

A hand net is made of a fine mosquito net fixed to a round iron-ring 
and fitted to a wooden handle. A scoop-net is usually a metallic one with 
30 cm. x 30 cm. frame of steel bars and wire netting and the scoop is 10 cm., 
deep with a 8 cm. wide blade soldered to the frame. A wooden handle is 
attached at the other end. The hand net or scoop net is dragged over the 
aquatic vegetation, and when it is filled with aquatic weeds, the contents 
are poured out on a spread-out cloth piece. The snails are picked up with a 
pair of forceps from the weeds. 

While making collections the following precautions are taken: 

i) Boots should always be used and one should not go bare footed. 

ii) Hands and arms should be repeatedly cleaned with 70 % ethanol, 
if bare hands are used. 
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FIXATION AND PRESERVATION 

Histological Study 

Snails are fixed, either in hot Bouin's fluid (sat. aq. Picric acid, 75 ml.. 
Formalin, 25 ml. Glacial Acetic acid 5 mI.) or Ethanol Formalin-Acetic 
acid (AFA) 70% Ethanol 100 mt., Formalin 5 ml. and Glacial Acetic 
acid 5 mI. 

Time of fixation varies from 20-24 hours. After fixation the snails 
are removed and thoroughly washed in running. tap water and preserved 
in ethnol. 

For Routine Studies 

Preservation (Including Soft Parts) 

Identification of a mollusc is not entirely based on shell characters 
alone, as it is usually believed. Especially for the members of the family 
Lymnaeidae, it is very difficult to identify them by shell characters alone. 
Morphological details like the structure of the radula, shape of the prostate 
gland etc., are also examined to arrive at an accurate identification of a 
species. It is needless to mention that the soft parts of the animal are 
preserved along with the shell. 

The aquatic molluscs collected are placed in an enamel tray with source 
water. Finely powdered Menthol or Magnesium sulphate or Chloral 
hydrate should be sprinkled over the water surface and covered by a suitable 
lid. The specimens are left for 24 hours usually. 

Nembutal (Sodium pentabarbitone) has been successfully used else
where. Specimens are placed in a 0.08 % pure Nembutal and allowed to 
relax. Time required for this is dependent on the species and hence a close 
watch is kept during narcotisation. Urethane has also. been successfully 
. used for the purpose. 
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Preservation 

Liquid 

After narcotization, the snails may be preserved in 70 % ethyl alcohol 
but not in formalin. 

Dry Shells 

While preserving some shells with the animal intact, it is a good practice 
to preserve a few dry shells separately. After narcotization, the animal 
is extracted from the shell with a pair of curved forceps. Empty shells 
may be boiled in water for a~f>ut half an hour or so to remove any soft tissue 
sticking inside the shell. T~e shells may then further be cleaned with a 
smooth brush, and then dried in air. In case of operculate shells, oper
culum should be retained by pasting it to cotton wool plug inserted into the 
aperture of the shell. 

Dry shells may be packed in cotton wool in small glass vials or tubes 
or card board boxes depending upon the size of the snail sample. Relevant 
data viz: field no., locality, date of collection, collector's name etc., should 
be provided with each sample. 

Quantitative Studies 

The popUlation density of snails in a given area may be studied using 
anyone of the following methods. 

Quadrate Method 

A metal ring or square is dropped in the area of study, and all the 
snails collected within that ring or square are collected and counted. 

Standard Scoop or Dredge Method 

A scoop or dredge of standard size is passed over the required area 
and number of snails collected in each operation be counted. 
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Counts per Unit Time 

It involves counting the number of snails, collected systematically with 
~ieves by one or more trained collectors in a measured or marked area of 
the biotope for a given length of time. 

Palm-leaf Trap Method 

Palm leaves are placed at regular intervals along the shore or bank 
of water body under study. After exposing for a definite period of time, 
the leaves are carefully removed and the snails sticking to them are counted. 
This method has been successfully followed in many Middle East countries 
during surveys of snails of Biomphaiaria and Bulinus. It is interesting to 
note that where other methods have failed, this method has given better 
results. 

Laboratory Rearing of Molluscs 

Molluscs can be conveniently cultured in the laboratory, in glass 
aquaria or jars or in enamel trays and dishes. Natural conditions simulated 
in the laboratory produce good results. The parameters to be noted are 
vegetation, food, temperature and water composition. In this connection 
the data collected in the field are very useful. 

Water, preferably, from the same pond may be used in the aquarium. 
If tap water is to be used it should be first allowed to stand for about a week, 
so that it gets dechlorinated. Providing vegetation in the aquarium helps 
oxygenation and removes carbon dioxide. It not only provides food for 
the snails, but also the necessary surface for egg-laying. 

KEY TO THE FAMILIES 

A key is provided to all the families so far recorded in India. When 
the specimens are allocated to a particular family, identification of the 
genus is to be made with the aid of the key given separately for each family. 
In the present state of our knowledge it is advisable to leave the problem of 
species identification to a specialist. Some idea can, however be obtained 
by looking into the illustrations given for each species. 
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1. Animal with a univalve shell 2 
(GASTROPODA) 

Animal' with a two valved shell ............................................................... 14 
(BIVALVIA) 

2. Shell operculate ................................. ...... ...... ................................. 3 

Shell without a operculum ................................................................... 12 

3. Operculum: with two apophyses, shell with D-shaped mouth, 
columellar area expanded and with callus deposit ........................... NERlTIDAE 

Operculum without apophyses, shell with round or oval 
mouth, columellar area not expanded and without callus 
deposit ....................... A......... ............................................................ 4 

4. Operculum with concentric growth lines ................................................ s 

Operculum with spiral growth lines 

5. Operculum calcareous, shell globose and large; body whorl 
inflated and larger than the spire, animal with both gill and 

6 

lung, long and- filiform labial palps ................................................ PILIDAE 

Operculum horny, shell pyramidal, whorls regularly 
increasing in size, animal with gill only, no labial palps .................. VIVIPARIDAE, 

6. Operculum circular and multi spiral , animal hermophrodite ••••••••• VALVATIDAE 

Operculum ovate and paucispiral .. ................ .... ..... ... ...... ... ..... .... ... ..... .... 7 

7. Shell mostly turreted or when globose operculum completely 
dosing· the aperture, mantle border fringed, with a brood pouch ............ THIARIDAB 

Shell globose, or conical, mantle border not fringed, no 
brood pouch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

8. Animal with both gill ~nd bra~chial chamber, found in hill 
stream ........................................................................... LITIORINIDAE 

Animal with gill, generally found in stagnant fresh waters 
and often extending into brakish waters ......... ... ...... ...... ... ... ... .. . .. . ...... ... ... 9 

9. Eyes at tip of tentacles, ciliated groove runs from mantle 
cavity down each side of foot to sole ....................................... AssIMINEIDAE 

Eyes at base of tentacles, no ciliated groove on side of foot ........................ 10 
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10. Operculum calcareous and concentric, as large as aperture 
and can not be withdrawn inside, verge bifurcate .................•...... BITHYNIIDAE 

Operculum corneous, smaller than aperture and can be 
withdrawn inside, verge not bifurcate ....... ..... ....... ........... .... ..... . ..........• 11 

11. Shell compressed in its dorso ventral axis, operculum with 
two prominent ridges on the internal surface ... ..................... ... STENOTHYRIDAE 

Shell elongate and turreted, operculum without ridges on the 
internal surface . . . . .• . . . . . . . . . . . •. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..... H YDROBIIDAE 

12. Shell spirally coiled ........................................................................... 13 

Shell limpet-shaped, without any spiral coils ................................. ANCyLIDAE 

13' Shell extended and dextrally coiled, columellar axis typically 
twisted, animal with triangular tentacles .................................... LYMNAEIDAE 

Shell generally discoidal, or when extended sinistrally coiled, 
columellar axis not twisted, animal with filiform tentacles ............ PLANORBIDAB 

14 Shell internally nacreous 15 

Shell internally non-nacreous 18 

15 Shell inequivalve, irregular, one valve fixed to the substratum, 
hinge edentulous ............................................................... AETHERIIDAE 

~ Shell equivalve, regular, valve not fixed to the substratum, 
hinge dentate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16 

16. Mantle margin not united posteriorly to form separate anal 
openings, no distinct siphons ............................................. MARGARITIFERIDAE 

Mantle margin united posteriorly to form one or more supra 
anal openings, mantle border thickened posteriorly showing 
the tendency towards the formation of distinct siphons ............ .....•. .. ... . ........ 17 

17. All four gills marsupial, beak sculpture radial and well 
developed ..............................................................•............ AMBLEMIDAE 

Only the outer two gills marsupial, beak sculpture concentric-
radial and rudimentary ......................................................... UNIONIDAE 

18. Hinge linear with numerous lamelliform teeth and edentulous 
in the middle ........................................................................... ARCIDAB 

Hinge with limited number of teeth but never edentulous ... ...... ..•...... ...... ... ..• 19 
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19. Shell rounded, triangular to oval, concentrically striated or 
ribbed ...................................................................................•...... 20 

- Shell elongate-quadrate, umbones placed anteriorly, shell 
not ribbed ....................................... .............................. .................. 21 

20. Ligament strong and external, shell thick and large, hinge 
straight with three cardinal teeth and strong serrated anterior 
and posterior lateral teeth ................................................... CORBICULIDAE 

- Ligament not very strong, generally internal, shell thin and 
small, hinge curved, with two small cardinal teeth and 
smooth lateral teeth ............................................................ SPHAERllDAE 

21. Shell thin, hinge with three cardinal teeth, siphons not very 
long ................................................................................. CULTELLIDAE 

- Shell thick, hinge narrow and weak, siphons very long ............... SOLECURTIDAE 

SYSTEMATIC ACCOUNT 

Family 1 NERITIDAE 

Shell dextral, globose, imperforate with a few whorls and a low spire, 
or limpet-shaped, aperture semiovate, large with an expanded and flattened 
columellar region, inner lip generally dentate. Operculum thick, semilunar 
and calcified. 

Soft parts highly modified. Tentacles long a~d slender, eyes on 
pedicles at the external base of tentacles. A single large bipect~nate ,gill. 
Radula a long ribbon and rhipidoglossate with the formula oc-5-1-5-oc. 
Right auricle reduced or often wanting. Sexes separate. Male with a 
cephalic penis on the right side, produces spermatophores, female with ~ 
crescent shaped ridge by the side of the right tentacle, oviparous, with a 
complicated reproductive system with two or three female gonopores. 
Eggs laid in calcareous capsules, development direct. 

Marine, brackish and freshwaters, of all oceans and continents. 

Important general references are those of Andrews (1937a, b), Baker 
(1923), Martens (1879, 1889), Reeve (1855-1856), Sowerby (1849, 1850), 
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Tryon (1888); on freshwater neritids, those of Benthem Jutting (1956), Pace 
(1973) and Starmuehlner (1970, 1974, 1976); on habits, reproductive organs 
Andrews (1933, 1935, 1937b), Baker (1923), Bourne (1908) Fretter (1946, 
1965, 1966), Gilson (1896) and Lenssen (1899a, b). 

Indian neritids were treated by Govindan (1974), Govindan and 
Natarajan (1972) and Subba Rao (1975). 

The family is distinguished into two subfamilies namely, Neritinae 
and Neritopsinae; only the former is known from India. It includes four 
genera, namely Neritina, Clithon, Septaria and Neritodryas. 

Key to genera 

1. Shell symmetrical, limpet-like, without whorls, small apex, 
very wide aperture; operculum squarish, without apophyses 
and not closing the aperture . .. . .. .. .. .. .. . .. . . . ... . .. . .. .. . .. . . .. . . .. . .. . . .. . . . . . Septaria 

Shell asymmetrical, with one or more spiral whorls, aperture 
comparatively small, operculum semilunar with two apo
physes at the posterior end and closing the aperture com-
pletely ..... ...... ....... ......... ... .... ..... ...... ..... ....... ...... ... ........................ ... 2 

2. Shell small, pea-shaped, surface more or less coarsely striated 
with growth lines, some times with spines, radula with ante
riorly expanded central, supported by an extra lamella from 
the centre of the base, verge in the male and vaginal spout in 
the female more complex ... .. .... ... . . . ... .. . ... ... .. ... . ... .. . . .. . .. .. . . . . . .. ... . .. Clithon 

Shell generally large and smooth, surface with very fine striae 
but never with spines, verge and vaginal spout not very complex ........................... 3 

3. .Operculum with longitudinally grooved rib, ridges ending in 
finger like projections at the free end, inner marginals with a 
few denticles (2-4), amphibious ............................................. Neritodryas 

- Rib of operculum not grooved, inner marginals with several 
denticles, totally aquatic ... ... .. . .. .. .. .. . ... . . .. .. ..... . . .. . . . ... .. ... . . ... .. . . . ... ... Neritina 

Genus 1. Neritina Lamarck, 1816 

Lamarck, 1816, EIlCYC!, Method, Vel's', 2, pI. 155. 
Type species by subsequent designation Nerita pullige,.a Linnaeus, Children, 1823. 

It is represented by a total of seven species in India, but only five species 
occur in coastal freshwater streams especially in the Andaman and N icobar 
Islands. 
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Four subgenera namely, Neritina s. str., Vittina Baker, Neripteron 
Lesson and Dostia Gray are distinguished. 

1. Shell globose or oval, spire pointed, columellar callus small 
and concave .................... 0 ••• 0.0 •• 0.00000000000000.00. 0 0 0 0 0 0 ••• 00.000 ••• 00. 0.0 ••• 0. Vittina 

Shell with a flat base, spire short or depressed, columellar 
callus broad .............................. e.*......... .................... .............. ... ......... 2 

2. Peristome broad ending in two divergent "wings" or ,'auricles" 
at the upper and lower columellar sides, columellar edge at-
tached to last whorl .0.0 0 •••• 0 0 • 0 0 • 00 •• 0 • 0 0 • 00.0 •••••••• 0 ••• 0 • 0 0 • 0 ••• 0 • • • • • • • • • • • • • • • • NeripteroD 

- Peristome without "wings" or "auricles", collumellar edge not 
attached to last whorl ... ~~./o ••••••••• 0.00 •••• 0 ••••••• 0 ••••• 0 •• 0.0.00 •••••••• 0.................... 3 

3. Shell dorsally rounded, spire hidden by the last whorl, last 
whorl inflated, operculum with well developed peg and rib 

- Shell dorsally strongly arched, spire vestigial and lateral, 
columellar callus extends as a transverse septum along the 

Neritioa 

aperture of the shell; peg and rib comparatively less developed ...... 0.. ...... Dostia 

Subgenus Neritina s. str. 

1. N eritina (N eritina) pulligera (Linnaeus, 1767) 
(Figs. 17-21) 

Nerita pu/ligera Linnaeus, 1767, Syst, Nat., ed. 12: 1253, no. 726. Type locality: 
"Rivers India". 

Neritina pul/igera: Van Benthem Jutting, 1956, Treubia, 23(2): 307, fig. 24. 

Distribution: India: Tamilnadu, Andaman and Nicobar Islands. 
Eastern Coast of Africa from Kenya to South Africa, Madagascar (Brown 
1980). Thailand, Indonesia, Moluccas, Celebes; North Western Australia, 
New Guinea, New Caledonia, Fiji, Philippines. 

Types: LS (London). Not found (Brandt, 1974). 
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Remarks: Shell very thick with a thick and wide columellar callus. 
Callus with fine granulations; bluish black on the outer half and gradually 
fades to the inner half. Outerlip thick with a deep orange band on its 
inner margin. Operculum with a sharp and longitudinally grooved sickle 
shaped rib and conical peg having a rounded top. 

Pace (1973) gave a good general accourit of this species and hinted at 
the possibility of sexual dimorphism in the shells. 

Subgenus Vittina Baker, 1923 

It includes four species distinguished as follows: 

Key to species 

1. Shell with a short spire, fine longitudinal striae, colour uni-
formly shining black or olive......... .......................................... N. peroltetiana 

- Spire elevated, shell with coloured bands or stripes ....... .. ..................... ......... 2 

2. Spire elevated and conical, columellar callus porcellanous 
white, operculum externally yellow ................................................ N. turrita 

- Spire subconical, columel1ar callus with a coloured spot either 
on the upper or lower half, operculum externally black ............... ...... ... ......... 3 

3. Aperture yellowish white, columellar callus with an orange 
brown tint near the upper margin, spire prominent ........................... N. smith; 

- Aperture bluish white, columellar callus with an orange-red 
spot on the lower half of its outer margin, spire short but distinct............ N. variegata 

2. Neritina (Vittina) variegata Lesson, 1831 
(Figs. 22, 23) 

Neritina variegata Lesson, 1831 Voy. Coquille Zoo I. , 2: 378. Type locality: New Ireland. 

Neritina variegata: Van Benthem Jutting, 1956, Treubia 23(2): 306, fig. 29. 

Distribution: India: Andaman and Nicobar Islands; Indonesia, 
Moluccas, Australia, New Caledonia, New Guinea, New Ireland, Samoa, 
. Fiji, Tahiti and Philippines. 

Types: MNHN 

Remarks: Shell oval with short but distinct spire. Surface smoo th 
and polished with colour pattern of zigzag markings, network or with bla ck 
spiral bands. Inner columellar edge generally straight with 8-11 we ak 
denticulations. 
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Baker (1923) and Adam and Leloup (1938) described and figured the 
radular teeth. 

3. Neritina (Vittina) turrita (Gmelin, 1791) 
(Figs. 26, 27) 

Nerita turrita Gmelin, 1791, Syst. Nat. ed. 13: 3686, no. 71 Type locality: Islands of 
Antilles. 

Neritina (Vittina) turrita: Starmuehlner, 1976, Ann, Naturhist, Mus. Wiell, 80: 514. 

Distribution: India: Kamorta and Car Nicobar; Indonesia, 
Moluccas, New Guinea, New Caledonia, Marianas, Palaus, Carilines; 
Philippines. 

Remarks: Starmuehlner (1976) studied the species from Pacific Islands. 
He gave good figures of radula, spermatophore and reproductive system. 

4. Neritina (Vittina) smithi Wood, 1828 
(Figs. 28, 29) 

Neritina smith;; Wood, 1828, Index Test. Suppl., p. 26., pI. 8, fig. 11. Type locality: 
River Hooghly, Calcutta. 

Neritina slnithi: Tryon, 1888, Man, Conch. 10: 37, pI. 10. fig. 96. 

Distribution: India: Gangetic estuary. Burma: Irawaddy estuary. 

Types: BM (NH). 

Remarks: It is primarily a brackish water species occasionally extending 
into freshwaters. It is distinguished by its solid she 11 with peculiar 
molten lead grey or black colour pattern. 

5. Neritina (Vittina) perottetiana (Recluz, 1841) 
(Fig. 34) 

Nerita perottetialla Recluz, 1841, Revue Zool Soc. Cuvier., p. 337. Type locality: 
Nilgiri Hills, India. 

Theodoxis perotetialla: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gastro
poda and Pelecypoda), p. 5. 
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Distribution: Streams In the Nilgiri hills, Tamilnadu. 

Types: MNHN 

Remarks: Preston (1915) recorded its occurence In Sri Lanka 
(=Ceylon). But the latest work by Starmuehlner (1976) did not include 
this species. 

Shell semiglobose and smooth. Inner columellar margin straight with 
5-10 indistinct denticulations or sometimes smooth. Operculum thin and 
externally light grey. 

Subgenus Neripteron Lesson, 1830 
6. Neritina (Neripteron) auriculata Lamarck, 1826 

(Figs. 38-44) 

Neritina auricu/ata Lamarck, 1816, Encycl, Meth. Vers., P/anches, pI. 455, fig. 6. Type 
locality: New Holland. 

Neritina (Neripteron) auricu/ata: Starmuehlner, 1974, Bull. Fish. Res. Sin., Sri Lanka, 
25 (1-2): 108, figs. 5-8. 

Distribution: India: Porto Novo, Andamans; Sri Lanka, Indonesia, 
Moluccas, New Ireland, Australia, New Caledonia, Philippines. 

Types: MHN 

Remarks: It inhabits both estuarine-and fresh-waters. Anatomical 
details were studied by Starmuehlner (1969, 1970); reproduction, breeding 
and other aspects concerning N.layardi ( =N. auriculata) were investigated 
by Govindan and Natarajan (1972). 

Subgenus Dostia Gray, 1840 
7. Neritina (Dostia) violacea (Gmelin, 1791) 

(Figs. 30, 31) 

Nerita vio/acea Gmelin, 1791, Syst. Nat., ed. 13: 3686, no. 68. Type locality: Not 
mentioned. 

Neritina vio/acea: Van Benthem Jutting, 1956, Treubia, 23(2): 300, fig. 21. 
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Distribution: India: Andaman Islands, Andhra Pradesh, Goa, 
Gujarat, Kerala, Kamataka, Orissa, Tamilnadu and West Bengal; Sri Lanka, 
Burma, Thailand, Cambodia, Vietnam, Singapore, Indonesia, Timor, New 
Caledonia, Samoa, Fiji, Australia, Philippines and Japan. 

Remarks: The shell is very much variable in shape, colour and strue· 
ture. It generally occurs in river mouths and mostly in brackish waters 
At times it occurs in fresh or almost fresh water near the upper tidal limit. 

The species was studied by many authors. Woodward (1892) studied 
the mode of growth and structure of shell. Radula was figured by Troschel 
(1866-1893), Annandale & Prashad (1919b) and Baker (1923). Govindan 
and Natarajan (1972) investiga)ed its shell morphology, reproductive ana
tomy and breeding behaviour, Murthy and Balaparameswara Rao (1978) 
studied the effect of environment on its shell shape. 

8. Neritina (Dostia) platyconcha Annandale & Prashad, 1919 
(Figs. 35-37) 

Dostia platyconcha Annandale· & Prashad, 1919. Rec. Indian Mus., 16: 244. Type 
locality: Burdul, Kahaduk river, Khulna Dist., Bangladesh. 

Distrib.ution: Not known beyond type locality. 

Type: Holotype, ZSI. Regd. No. M 11440/2. 

Remarks: It is a brackish water species. Shell is thin and trans
lucent. It is mo~e spherical ~nd dorsal sideis less arched than in the previous 
specIes. 

Genus 2. Clithon Montfort, 1810. 

Montfort, 1810, Conch. Syst., 2: 326. Type species Nerita corona Linnaeus. 

Members of this genus are generally fluviatile, extending into fresh
water. They generally prefer streams with clear water and a stony bottom. 

Shell coarsely ,or finely striated. Aperture small and with a narrow, 
concave columellar callus. Inner columellar margin finely denticulated, 
with a large superior tooth. 
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Although the genus is known by five species in India, only three are 
found occurring in the freshwater streams of the main land India and 
Andaman and Nicobar Islands. The other two species are marine extend
ing into estuaries and back waters. They are however, not found in fresh
waters and hence not included here. 

Key to species 

1. Shell very coarsely striated, spire distinct and projecting, inner 
columellar margin with more than 12 denticulations . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . ... 2 

- Shell finely striated, spire not prominent or entirely hidden by 
last whorl, inner columellar margin with less than 12 denti-
culations ........•.................................................................. C. relicularis 

2. Shell olive-green with small dark squares, moderately sculp
tured, shell never with spines, outer margin of peristome not 
thickened ...........•..........................•........•............... ............ ... C. hie%r 

- Shell dull yellowish or greenish, very coarsely sculptured, 
generally with spines, outer margin of peristome thickened; 
spire not produced •. . . . • . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . C. corona 

Subgenus Clithon s. str. 

9. Clithon (Clithon) corona (Linnaeus 1758) 
(Figs. 45, 46) 

Neritina corona Linnaeus, Syst. Nat. ed. 10: 777. Type locality: Rivers of Asia. 

elithon corona: Van Benthem Jutting, 1956, Treubia, 23(2): 275, figs. 1 and 2. 

elithan (elithon) corona: Starmuehlner, 1976. Ann. Naturhist, Mus. Wien, 80: 494, 
figs. 2-5. 

Distribution: India: Katchal (Nicobars); Indonesia, Moluccas, 
'Flores, Timor, New Guinea, New Ireland, New Caledonia. 

Types: L.S. (Lond.) 

10. Clithon (Clithon) bicolor (Recluz, 1842) 
(Figs. 24, 25) 

Nerita bicolor Recluz, 1842, Proc. zool, Soc. Lond., p. 172. Type locality: 
Agoo (in a mountain stream), Philippines. 

Theodoxus (Clithon) bicolor: Ray, 1947. Rec. Indian Mus., 45 (4): 308. 
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Distribution: India: Andamans; Indonesia, Moluccas, Philippines, 
Formosa. 

11. Clithon reticularis (Sowerby, 1838) 
(Figs. 32, 33) 

Neritina reti/era Benson, 1936, J. asiat. Soc. Beng. 5: 749 (Nomen nudum) 

Neritina reticularis Sowerby, 1838, Conch. Illustrations, No. 51, fig. 44. Type locality: 
Calcutta. 

Theodoxus reticularis: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gastropoda 
and Pelecypoda), p. 6. 

Distribution: India: Calcutta, Porto Novo. 

Types: ? 

Remarks: Shell finely striated, yellowish olive or green with oblique 
angulated red or black thin lines, often forming a coarse reticulation or 
network, a well developed tooth on the inner columellar margin. 

Generally occurs in estuarine waters rarely extending into freshwater. 

Genus 3. Neritodryas von Martens, 1869 

Von Ma,.tens, 1869, Sitz. Gesell. nature. Frellnde Berlin., p. 21. 

Type species: Nerita cornea Linnaeus. 

The genus is distributed throughout tropical Asia. The members are 
generally terrestrial and found adhering stones or other substrata by tbe 
sides of streams which are damp and moist. 

12. Neritodryas subsulcata (Sowerby, 1836) 
(Figs. 47, 48) 

Neritilla subsulcata Sowerby, Conch. Illustrations No. 50, fig. 50. Type locality: Philippine 
islands. 

Neritodryas subsulcata: Van Benthem Jutting, 1956, Treubia, 23: 294, fig. 18. 

Distribution: India: Andaman and Nicobar Islands; Indonesia, 
Moluccas, New Hebrides, Fiji, Philippines. 
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Fig . 22,2 '. Neritina yarlegata. 14.65 X 10.9 mm.:j 10.7 X 11.2 mm., Andamans. 24, 25. eUthan 
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10.55 X 9.40 m·m. Banglad1esh. 
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44. Operculum of N. auriculata. 
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Figs. 45, 46. Clithon corona. 2.5 X 1 65 mm., 23 X 11.0 'm 
subsulcata. 29.4 X 22.5 mm. 2 .85 X 21.65 :mm., Camorta. 
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Remarks: Shell blackish brown with yellowish-brown markings. 
Sculpture consists of conspicuous broad spiral ribs with distinct grooves in 
between and crossed by fine longitudinal striations. Aperture broad and 
bluish-white, columellar callus wide, bluish-white with clouded black pene
trating from the outer margin. Operculum thick, externally black, nucleus 
white, internally orange brown, rib sickle shaped and strongly grooved, 
terminating in 8-10 finger-shaped lobes at the free end, peg strong 
and flattened. 

Genus 4. Septaria Ferussac, 1807 

Ferussac, 1807, Essai d'une meth. Conch., p. 61. 

Type species: Patella borbonica Bony de St. Vincent. 

The genus is common in the coastal streams of the Indo-Pacific region. 
It is a very characteristic freshwater neritid in which the shell is modified 
to suit to the conditions of life in streams. 

Two species are known from India. 

Shell thick, apex generally projecting beyond the posterior margin S. porcel/ana 

Shell thin and transparent, apex not projecting beyond the 
posterior margin ................ ... . . .... . . .. .. .. ... .. . .. .... .. .... . .. ... . . . . .. .... . . . . . .. . S. li"eafa 

13. Septaria lineata (Lamarck, 1816) 
(Figs. 49, 50, 53, 54) 

Navice//a lineata Lamarck, 1816, Encycl. Meth. Vers., Expl. Planches. pI. 456, fig. 2. 

Septaria Iineata: Starmuehlner, 1976, Ann. Natllrhist. Mus. Wien, 80: 544. 

Distribution: India: Andaman and Nicobar Islands, Tamilnadu 
(Coleron river), West Bengal; Sri Lanka, Indonesia, Timor, Celebes, 
Moluccas, New Guinea; Fiji, Philippines. 

Types: MHN 

Remarks: It can also survive in saline waters. Baker (1923) figured 
its radula; while Andrews (1937a, b) gave a good description of the verge 
in male and ridge in female. Seshaiya (1934) described the style sac in S. 
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dravadica Prashad (= S. lineata). Govindan and Natarajan (1972) studied 
its shell morphology, reproductive anatomy and breeding behaviour. 

14. Septaria porcellana (Linnaeus, 1758) 
(Figs. 51, 52) 

Patella porcel/ana Linnaeus, 1758, Syst. Nat .• ed 10: 781. Type locality: "0. Indiae". 

Septaria porcellana: Van Benthem Jutting, 1956, Treubia, 13: 315, fig. 31. 

Distribution: India: Andaman and Nicobar Islands; Sri Lanka, 
Singapore, Indonesia, Celebes, Moluccas, New Guinea, New Caledonia, 
Samoa, Tahiti, Philippines. 

Remarks: Occurs in freshwater stream. Boutan (1893) gave an ac
count of the nervous system. 

F~mily 2. VIVIPARIDAE 

"Pond snails" 

Shell generally olive brown or green, moderately large, turbiniform, 
perforate or imperforate" whorls i~flated, aperture ovate and slightly retract
ed below, shells of females larger than that· of males, operculum: horny, 
concentric with a subcentral nucleus. 

Respiration entirely aquatic, monopectinate ctenidium or gill, viviparous 
and sexually dimotphic. In males the rig~t tentacle stout, truncated and 
modified as a copulatory organ containing the penis, the left tentacle in 
male and both the tentacles in female long and slender. After copulation 
fertilization takes place internally. Pallial oviduct enlarged and . acts as 
the uterus. It contains embryos in various stages- ·of development. Yo~ng 
ones are shed into water. 

Palaearctic, Ethiopian, Oriental, Australian and Nearctic Regions. 

Annandale (1921 f) discussed the systematics and ornamentation of the 
shell, while Sewell (1921) studied the anatomy and bionomics. Prashad 
( 1928a, b) made a thorough study of structure of mantle and shell and of 
distribution, evolution and zoogeography of recent and fossil forms. Other 
sig~ficant contributions include Annandale (1920, 1921f, h 1924b), Haas 
(1939), Kobelt (1879, 1909) Reeve (1862-63) and Rohrbach (1937). 
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Divided into three subfamilies, namely Viviparinae Gill, 1863, 
Lioplacinae Gill, 1863 and Bellamyinae Rohrbach, 1937, the last mentioned 
confined to Ethiopian and Oriental regions. 

Subfamily BELLAMYINAE 

Includes all Indian viviparids. In males a big bean shaped complex 
of testis on the right side of the roof of the mantle cavity, females with 
complex seminal receptacle, shells unbanded in the embryonic stage. 

The comparative anatomical studies by Rao (1925a) and the revisionary 
studies by Prashad (1928a, b) have to some extent helped in clearing the 
confusion at generic level. But the validity of many taxa at the specific 
and infra-specific level is still doubtful. Several varieties were described 
based on shell characters. A comprehensive and consolidated study of 
t1;lis group, which is beyond the scope of the present work, could provide 
better understanding of different taxa. 

Four genera namely Bellalnya, Cipangopa/udina, Angulyagra and Taia 
are recognised. The last mentioned is restricted to Burma. 

Key to genera 

1. Shell smooth, without traces of distinct ridges or sculpture ......... ... ...... ......... 2 

Shell' ornamented with a number of· well-developed spiral 
ridges, which may be continuous or broken up into nodu-
lar or squamous tubercles . .. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

2. Adult shell large, without any coloured bands, edge of mantle 
greatly thickened with a conspicuous sphincter muscle along 
it, superior margin of gill lamella usually thrown into folds, 
embryonic shell with three ridges bearing curved chaetae ... ... ... Cipangopaludlna 

.. Adult shell medium sized, with or without coloured bands, and 
when no bands the shell feebly ridged or keeled, edge of mantle 
not so thickened and without a conspicuous sphincter, 
superior margin of gill lamella never thrown into folds, em
bryonic shell with three primary.ridges bearing chaetae and a 
number of secondary ridges ... ...... ... ......... ... ... ...... ... . ..... ... ... . . . . .. .. . Bellamya 

3. Shell thin and delicate, ridges continuous, colour uniform but 
ridges· darker, embryonic shell without colour bands, margin 
of mantle with enlarged and highly vascular finger-shaped 
processes Angulyagra 



44 Zoological Survey of India 

Shell comparatively thick, ridges broken up into nodular or 
squamous tubercles, embryonic shell with three cprour bands, 
margin of mantle with only minute triangular prominences ........................ Taia 

Genus 5. Bellamya Jousseaume, 1886 

Jousseaume, 1886 Bull, Soc. Zool. France, II: 478. 

Type species: Paludina bellamya Jousseaume. 

Shell more or less oblong in outline, obtusely or strongly keeled at 
the periphery, scarcely convex or rather flattened whorls, thinner columellar 
margin. The adult shell usually without ridges or spines. 

Head small in relation to the size of the animal, margin of the mantle 
moderately thick with three short processes corresponding in position 
to the three rows of chaetae on the embryonic shell. 

Uterus usually with a large number of embryos in varIOUS stages of 
development. 

Ethiopian and Oriental 

Indian species were hitherto assigned to the genus Viviparus. Studies by 
Rohrbach (1937) had lead to the conclusion that the Oriental and African 
forms should be separated from the typical Viviparus and they bear close 
resemblance to Cipangopa!udina. All the species which Prashad (1928) 
included under the groups "Vivipari bengalensis" and' 'Vivipari dissimiles" 
should be assigned to the genus Bellamya. It is represented by five specIes 
of which the validity of B. micron is not clearly established. 

Key to species 

1. Shell with dark spiral bands, suture not greatly impressed B. bengaiensis 

Colour uniform without any bands in the adult shell, suture 
generally impressed ........ ........ ..... ...... ... . .. ... .. .......................... ............ 2 

2. Shell globse, spire small and blunt ................................................ B. crassa 

Shell ovate conical or high, spire elongated ................................. ,.............. 3 

3. Shell with deeply impressed sutures, body whorl generally 
with one slightly elevated peripheral ridge or broad and 
obscure pale spiral band .. ... ..... .... . . .. .......... ........... ...... ......... B. dissimilis 

- Body whorl with six rather delicate ridges .............................. B. crassispiraiis 
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1 S. Bellamya bengalensis (Lamarck, 1882) 

Paludina bengalensis Lamarck, 1822, Hisl. nat. Anim. sans Vert., 6;2): 174. 

Vivipara bengalensis: Annandale, 1921, Rec. Indian Mus., 22: 267. 

4S 

Shell thin, more or less smooth, with three or more colour-bands, 
embryonic shell delicate and thin, with three primary rows of chaetae, low 
ridges, the lower most well developed, sometimes developing into a keel, 
secondary ridges bearing chaetae may develop between the primary ones. 

In Chinsurah (and Pandua) areas of West Bengal the species is con
sidered as a pest of Azola pinnata, a plant which is used as a biofertiliser 
in paddy field. 

Remarks: Annandale (1921 f, h) studied the ornamentation of the 
shell and systematics, while Sewell (1921) discussed the anatomy and biono
mics of the species. The former recognised 11 forms of this most common 
Indian species. These forms differ from each other only in the shell charac
ters, but radula and soft parts are strikingly uniform. These differences 
are mainly due to the physical factors of the environment rather than to 
geographical isolation of the race (Annandale, 1921 h). 

Distribution: Common throughout India and Burma. 

The following eight forms are recognised here:-

form typica (Lamarck). (Fig. 55) 

The spire and body whorl of about equal height, whorls tumid, body 
whorl evenly convex in profile, not biangulate, umbilicus narrow, aperture 
subcircular with a narrow black margin. Dark bands variable and irregular, 
alternating broad and narrow bands. 

Distribution: Throughout India. 

Type: MHN 

Parasites. Although it is a common mollusc, it is not important as an 
intermediate host. A few larval trematodes, were recorded viz. Cercaria 
asiatica Sinha and Prashad, 1964; Thapariella anastomusa Srivastava, 
Cercaria thaparai Rai, 1962, Cercaria kumaunensis Singh & Malaki, 1963. 
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form mandiensis (Kobelt, 1909.) (Fig. 56) Nachr, Malak, Ges., 
60: 414. Type locality: Mandi, Kangra. 

Spire more conical and a little narrower than in of. typica, aperture not 
quite so broad, but more projecting, umbilicus broader, well developed 
alternating broad and narrow spiral bands. 

Distribution: Common In north-western India from Allahabad to 
Punjab and west to Bombay. 

Types: ZSI Regd. No. M 5081/1. 

Remarks: There is a doubt regarding its type locality-Mandi, given 
by Kobelt. 

form annandalei (Kobelt, 1909) (Fig. 57) Nachr, Malak, Ges. 60: 
161, Type locality: Visakhapatnam, Andhra Pradesh. 

Shell thin and translucent, whorls gradually· increase in size, sutures 
shallow, aperture, subrhomboidal and subangulate anteriorly. 

DistributiolJ-: Andhra Pradesh, West Bengal, ("Pools of foul water 
used for domestic purposes"-Annandale, 1921h). 

form balteata (Benson, 1836) (Fig. 63) J. asiat. Soc. Beng. pt. 2: 
745. Type locality: Silcuri, Cachar, Assam. 

Shell narrow, whorls contracted, aperture ovoid, umbilicus closed. 0°

0 

Distribution: Sylhet valley, Assam or Bangladesh, eastern part of 
Brahmaputra valley, absent from Manipur (Annandale. 1921g). 

Remarks: Resembles f. annandalei and f. doliaris. 

form colairensis (Annandale" 1921) (Fig. 58). R~c. Indian Mus., 
22: 275, pI. 1. figs. 5, 6. Type locality: Sriparptjpada, Col air Lake. 
Andhra Pradesh. 

Shell elongate, thin and translucent with relatively sma1l almost circular 
aperture, pigmentation deep and dull. 
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Distribution: Restricted to type locality only 

Types: Syntypes ZSI Regd. No. M 11691/2. 

form doliaris (Gould, 1843) Paludina doliaris Gould, 1843 Proc. 
Boston Soc. nat. Hist.: 144. Type locality: Burma. 

Shell with two spiral ridges or thickened dark bands on the body whorl. 

Distribution: Burma 

Remarks: The eastern forms nepaiensis, balteata and doliaris inter
grade into each other. 

form eburnea (Annandale, 1921) (Fig. 59). Rec. Indian Mus. 
22: 274, pI. II, fig. 1-2. Type locality: Kaligiri (= Kanigiri) reservoir 
Nellore Dist. Andhra Pradesh. 

Shell narrow and aperture smaller than in f. typica, whorls narrow 
but distinctly flattened outside the suture, body whorls showing a tendency 
to become biangulate; strong spiral sculpture. The aperture never with a 
black rim. 

Distribution: Andhra Pradesh, extending as far north as Sambalpur, 
In Orissa. Occasionally in the Gangetic valley. 

form nepaiensis (Kobelt, 1909) (Fig. 62) Nachr. Malak, Ges., 60 
441; pI. XXVII, fig. 10. Type locality: Nepal Valley. 

Whorls more contracted and not so convex in outline, aperture narrower 
and more pointed above, umbilicus very narrow, dark bands incrassated. 

16. Bellamya crassispiralis (Annandale, 1921) 
(Fig. 68) 

Vivipara crassispiralis Annandale, 1921. Rec. Indian Mus., 22: 544, pI. iv, fig. 1. Type 
locality: Chakpi stream in the south of the Manipur valley near the Burmese frontier. 

Type: ZSI Regd. No. M 11738/2 

Remarks: Shell ovate conical, bluntly acuminate, whorls tumid, 
body whorl transverse and oblique, anterior margin strongly sinuate, with 
six rather delicate ridges;: apertur~ small, suboval, evenly rounded below, 
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and obliquely and bluntly pointed above, outerlip thin, evenly and broadly 
arched columella, slightly laminated and retroverted umbilicus rimately 
perforate. 

Distribution: Manipur Valley. 

Nothing is known about its habitat. 

17. Bellamya crassa (Benson, 1836) 
(Figs. 61, 62) 

Paludina crassa (Hutton Ms.) Benson, 1836, J. asiat. Soc. Beng., 5: 745. Type locality: 
River Gomati, Jaunpur, U.P. 

Types: ? 

Shell olive brown, globose, without colour bands, spire small and blunt. 
shell surface sculptured with fine wavy spiral lines; aperture suboval, 
columella arched, anterior margin almost straight, outerlip arched, umbilicus 
rimately perforate. 

Remarks: After its original discovery it was not reported by any 
author. Prashad (1928) refers it as a species belonging to Vivipari Dissimiles 
group. 

It buries itself in the mud or sand in shallow water, often in large num
bers, although there are favourable conditions. Other species of the genus 
are known to tide over the unfavourable conditions like drought etc. by 
burying themselves in the mud. 

Distribution: Uttar Pradesh, River Gomati, Jaunpur; West Bengal: 
Ranaghat, Siliguri; Orissa; Assam: Cachar; Bangladesh: Hazrapur, Sylhet. 

18 Bellamya dissimilis (Mueller, 1774) 
(Figs. 64-67) 

Nerita dissimilis Mueller, 1774, Hisl. Yermo Test., pt. 2: 184. Type locality: Not given. 

Paludina variala Frauenfeld, 1862, Verhandl, Zool. bot. Gog. Wien. p. 1163. Type 
locality: Pondicherry. 

Types: Copenhagen Museum 

Remarks: Shell small, high and narrow, spire swollen and suture 
deeply impressed, without dark spiral bands, body whorl with one slightly 
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elevated ridge or broad and obscure, pale spiral band. Rim of the aperture 
often black, operculum thicker and muscular scar better developed. 
Edge of the mantle smooth in the adult. 

Distribution: Peninsular and northern India, and West Bengal. 

19. Bellamya micron (Annandale, 1921) 
(Figs. 71, 72) 

Yivipara micron Annandale, 1921, Rec. Indian Mus., II: 550, fig. 5. Type locality: 
Manipur. 

Type: ZSI Regd. No. M 11855/2 

Distribution: Manipur 

Remarks: The species was based on a single specimen. Unless fresh 
specimens are obtained it may be premature to comment on its validity. 
However, examination of a large number of collections of B. dissimilis have 
shown that B. micron may be a variant of the former. 

Genus 6. Cipangopaludina Hannibal, 1912 

Cipangopaludina Hannibal, 1912, Proc. rna/ac. Soc. Lond., 10: 194. Type species: Paiudina 
malleattl; Reeve. 

Lecythoconcha Annandale, 1920. Ree. Indian Mus., 114, Type species: Paludina /eey/his 
Benson. 

Cipangopaludina: Brandt, 1974, Archiv. Molluskenk. 105: 37. 

Shell large, with broad swollen whorls, smooth, uniform colour without 
bands. Embryonic shell with three ridges bearing curved chaetae. Aper
ture large, subcircular or broadly ovate, columellar fold weakly developed, 
umbilicus narrowly perforate, outerlip thin. 

Operculum with prominent concentric ridges, a deep funnel shaped, 
sub central pit externally and correspondingly a smooth, prominent rounded 
boss internally. 

Free edge of mantle greatly thickened and very muscular, three marginal 
processes in young, but none in the adult. 

Manipur Valley, Burma, Thailand, Vietnam, China, Korea, Asiatic 
Russia, Japan, the Philippines and Java. Introduced into North 
America (Yen, 1943). 



50 Zoological Survey of India 

A single species in the Manipur valley, India. 

20. Cipangopaludina lecythis (Benson, 183~) 

(Fig. 73) 

Paludina lecythis Benson, 1836, J. asiat. Soc., Bellg., 5: 745. Type locality; Manipur. 

Lecythoconcha [ecythis: Annandale, 1921, Rec. Indian Mus .• 22: 553, pI. V, figs. 1-4, pI. 
vi, figs. 1, 2. 

Types: ZSI Regd. No. M 2300. 

Shell olive green when fresh, spire conical, apex acuminate, whorls 
tumid and flattened above, suture deep, aperture large and broadly oval, 
outer lip sharp and tinged with black, columella arched. 

Distributi~n: Manipur valley through Upper Burma to the Southern 
Shan States, Yunnan and Vietnam. 

Remarks: Shell more globose in female than in male. Operculum. 
thin and transparent. Tentacles long and thin, foot very stout. 

Depending on the ecological niche occupied by the species Annandale 
(1921g) recognised four phases; namely the open water phase, the marginal 
phase, the pond phase and the rice field phase. 

Genus 7. Angulyagra Rao, 1931 

Dacty[ochlanlYs Rao, 1925, Rec. Indian Mus., 27: 132. 

Type species: Paludina oxytropis Benson. The generic name was preoccupied for 
a protozoan and hence a replacement name Angu[yagra, Rao, 1931, Rec. India" Mus., 
33 : 301 was suggested. 

Shell large, conical, thin with prominent smooth and hollow spiral 
ridge$ on the surface, base flattened, uniform colour but the ridges darker, 
embryonic shell elongated with a well developed peripheral keel, umbilicus 
broadly rimate with a broad channel descending downward. 

Assam and Burma, Malay Peninsula, Andalas, Java, Sulawesi, the 
Philippines, China and Japan (Prashad, 1928a). 

Two species namely A. microchaetophora (Annandale) and A. oxytropis 
(Benson). 
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Key to species 

Body whorl with three prominent ridges and three rather less 
prominent ridges below the peripheral keel ........................... ............ A. oX)'tropis 

Body whorl as a rule without any definite trace of spiral ridges 
except the peripheral keel ................................................ ...... A. 111icrochaetophora 

21. Angulyagra microchaetopbora (Annandale, 1921) 
(Fig. 69) 

Vivipara 111icrochaetophora Annandale, 1921, Rec. Indian MilS., 22: 546. fig. 4. Type 
locality: Dimapur, Naga)and. 

Type: ZSI Regd. No. M 11856/2 

Distribution: Nagaland, Assam. 

Remarks: Shell small, thin, sharply acuminate, imperforate, a blunt 
peripheral ridge on the body whorl, outerlip sharp, columella strongly 

. arched, spiral whorls with two fine spiral ridges. 

Occurs in artificial ponds on floating grass-stems and longer parts 
of plants that float on the surface of water. 

22. Angulyagra oxytropis (Benson, 1836) 
(Fig. 70) 

P/audilla oxytropis Benson 1836, J. asia!. Soc. Bellg., 5: 745. 

Vivipara oxytropis: Annandale, 1921, Rec. ["dian Mus., 22: 548, pI. iv. figs. 2-5. 

Types: ? 

Shell large, broadly conical, acuminate, narrowly perforate, prominent 
spiral ridges, outerlip thin but not sharp, broadly and regularly arched, with 
a distinct prominence at the termination of the peripheral ridge, spiral 
whorls with two smooth prominent spiral ridges. 

Distribution: Manipur Valley. 

Remarks: Annandale (1921g) recognised two phases, namely, typical 
phase from the Loktak Lake and a pond phase. The latter approaches. 
A. microchaetophora. 
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In female the shell is distinctly broader than in the male. They are 
also more abundant than males (Annandale, 1921). 

Genus 8. Taia Annandale, 1918 

Taia Annandale, 1918, Rec. Indian \Mus.~ 14: 123, 168. 

Type species: Yivipara naticoides Kobelt. 

Shell conical-ovate or conoidal or conical, but never very thick, 
sculptured with spiral striae or ridges broken up into nodular or squamous 
tubercles, at least three such ridges on the body whorl, embryonic shell with 
three primary ridges, the lowermost i.e. peripheral well developed. Whorls 
7 to 8, spire well developed; aperture subtriangular, columellar callus very 
broad and thick, extending over the umbilicus in the form of a convex ridge 
or fiat plate. Operculum horny, pyriform, concave externally with a strong 
ridge along the inner margin. 

Head larger than in Bellamya and eyes almost completely sessile, 
mantle edge more muscular with highly contractile lobes correlating with 
the shell sculpture, and a broad lobe corresponding to the thickened colu
mellar callus; marginal teeth of radula very narrow, uterus with a small 
number of embryos, embryos more fully developed at birth than in Bellamya. 

Streams,· lakes and ponds. Endemic to Burma. 

Annandale (1918a), Rao (1925b), Annandale & Rao, 1925 gave detailed 
accounts of the Taia genus. 

Key to species 

1. Shell somewhat globosely conoidal......... ... ............ ......... .................. ... ..• 2 

- Shell elongate conoidal ................................................. '....... ..... ... ......... 3 

2. Shell almost subumbilicate, spiral ridges never strongly 
developed and never regularly tubercular or squamous •.................... T. theobaldi 

- Shell entirely non umbilicate, spiral ridges almost absent or 
when present never with subspiniform scales ....... ..... ............... ...... T. naticoides 

3. Shell moderately elongated and thin T. shanensis 

Shell conical ............ .. ...................... ................................................... 4 
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4. Scales on body whorl spiniform, regular, shell not exceeding 
32 mm. in length, narrowly conical ................................................ T. intha 

Scales on body whorl subspiniform, shell less than 40 mm. 
thinner ........................................................................... T. elitora/is 

23. Taia crassicallosa Annandale and Rao, 1925 

Taia crassicallosa Annandale and Rao, 1925, Rec. Indian Mus., 25: 124 fig. 11-14. Type 
locality: Yawnghwe river near Tai-O, Yawnghwe State, S. Shan States, Burma. 

Types: ZSI Regd. No. M 12462/2 

Distribution: Burma. 

Remarks: Shell globose, spire relatively short and broad, never exceed
ing the height of the body whorl, ridges well-developed, sometimes broken. 
squamous tubercles, columellar callus very prominent and greatly thickened. 

It seems to be intermediate in some features between T naticoides and 
T. elitoralis. 

24. Taia elitoralis Annandale, 1918 
(Fig. 77) 

Taia elitoralis Annandale, 1918, Rec. Indian Mus., 14: 134. Type locality: Inle Lake. 

Types: ZSI Regd. No. M 11012/2. 

Distribution: Inle Lake. 

Remarks: Shell more elongate and slender than in any other form, 
scaly tubercles even on the penultimate whorl, other ridges more tuberculate, 
base of the gill filaments relatively broader. 

25. Taia intha Annandale, 1918 
(Fig. 78) 

Ta;a intha Annandale, 1918, Rec. Indian Mus., 14: 135, Type locality: Inle Lake, Burma. 
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Types: ZSI. Regd. No. M 11004/2. 

Distribution: Inle Lake. 

Remarks: Shell very elongate, well developed ridge on the penultimate 
whorl, ridges tuberculate, peripheral ridge prominent with squamous 
tubercles projecting in the form of short spiniform processes, two ridges 
below the peripheral; embryonic shell banded. 

26. Taia naticoides (Theobald, 1865) 
(Fig. 76) 

Paludina naticoides Theobald, 1865, J. asiat. Soc. Bellg., 34 (2): 274, pI. ix. fig. 1-3. Type 
locality: Upper Salween, Shan States. 

Taia naticoides : Annandale, 1918, Rec. Indian Mus., 14: 126, pI. xv, figs. 16, 17, pI. xvi, 
figs. 3-6; pI. xviii, figs. 1-3. 

Distribution: Burma. 

Remarks: Shell not very elongate, with three very distinct colour 
bands, sculptured with three, low spiral ridges. 

Two varieties are dist!nguished T naticoides var. noetlingi (Kobelt) 
and lacustris Annandale. The former differs from the typical form in having 
a more elongate shell, and in the prominent spiral ridges breaking up into 
tubercles. T naticoides var. lacustris is a fossil form and has a longer, 
narrower and less conical shell. 

27. Taia shanensis (Kobelt, 1909) 

Vivipara sizanensis Kobelt, 1909, Palud;na, in Martini & Chemnitz's Syst. Conch. Cab .• 
411, pI. xxvii. figs. 4, 5. Type locality: Shan States. 

Taia shanens;s: Annandale, 1918, Rec. Illdian Mus., 14: 129, pI. xv. figs. 14, 15, pI. xvi, 
fig. 10, pl. xviii, figs. 4-6. 

Distribution: Burma. 

Remarks: Shell globose-conoidal, relatively thin and brittle, and not 
very high, spiral ridges better developed, peripheral ridge consists of more 
or less regular and prominent subspiniform scales, two spiral rows of tuber-
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cles above and two rather low ridges below, embryonic shells without 
bands, gill filaments relatively broad. 

Occurs in foul water on the marginal zone of Inle Lake. 

28. Taia theobaldi (Kobelt, 1909) 
(Fig. 74, 75) 

Vivipara (naticoides var.1) theobaldi Kobelt, 1909, Paludilla, in Martini & Chemnitz's .Syst 
COllch. Cab., 151, pI. xxx, figs. 10, 11. 

Taia theobaldi: Annandale, 1918, Rec. Indiall Mus., 14: 126. pI. xv, fig. 18, pI. xvi, fig. 1, 
pI. xviii, figs. 15-17. 

Distribution: Burma. 

Remarks: Resembles T naticoides very much, but differs from it 
as follows: shell shorter, body whorl usually more swollen, columellar callus 
ridge-like in the young shells and the sharp outer edge when fully developed 
leaving a narrow umbilical opening, embryonic shells faintly banded. 

Family 3. Valvatidae 

Shell small to minute, almost circular, umbilicus distinct, deep and 
narrow, operculum horny, a pallial tentacle on the right side of the mantle 
and a protruding bipectinate gill on the left, hermaphrodite. 

Very widely distributed in North America, Europe, northern Asia and 
Asia Minor, N. E. Africa (Brown. 1980). India-in Kashmir. 

Only one extant genus Valvata. 

Genus 9. Valvata D.F. Mueller, 1774 

Va/vala O.F. Mueller, 1774, Vernl. Terr. Fluv. Hist. 2: 198. 

Type species: Va/vata cristata Mueller. 

Shell turbinate or subdiscoidal, with little exserted spire, whorls few, 
aperture oblique and circular, operculum multispiral. 

Europe, Asia, North America and N. E. Africa (For details Brown 
1980). 
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29. Valvata piscinalis (Mueller 1784) 

Nerila piscinalis Mueller, 1774, Verm. Terr. Fluv. Hisl., 2: 172. Type locality: Europe. 

Valvala piscinalis: Rajagopal and Subba Rao, 1968, Proc. Symp. Mol/usca, pt. 1, p. 98. 

Distribution: India: Kashmir; Europe. 

Remarks: Shell globose, brownish yellow, whorls 5 to 6, deeply, 
narrowly umbilicate, depressed at the apex, with dense, fine longitudinal 
striations and faint spiral ridges. 

30. Valvata stoliczkana Nevill, 1878. 
(Fig. 79) 

Valvala sloliczkana Nevill, 1878, Sci. Results Second ¥arkand Mission, Mollusca, p. 12. 
figs. 34-36. Type locality: Yarkand. 

Distribution: Yarkand. 

Remarks: Umbilicus remarkably deep and narrow, whorls 4, slightly 
subangulate, with a faint depression near the. suture, fine, close, regular 
and distinct striations, light glossy green. 

Family 4. PILIDAE 

" Apple-snails" 

It includes apple-snails, characterised by a large perforate or imper
forate shell with an inflated body whorl and a short spire. The shell 
generally green or olive-brown in colour. Operculum large, calcareous or 
corneous, and concentric with a subcentral nu~leus. 

The animal with a pair of filiform tentacles and a pair of long and 
filiform labial palps, simulating tentacles; a pair of nuchal lobes, the left 
one capable of rolling into a tube or siphon. 

Amphibious in habit, with both aerial and aquatic respiration. The 
mantle cavity bears a long, monopectinate gill on one side and the otb~r 
side modified into a pulmonary sac. Oviparous. 
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= ig. 55. Bellamya ben alensis f. t 'pi a, 29 .. 5 X 1' . mm. ih r. 
29.00 X 19.15 mm.. Panipat. 57 B. b ngal niL annandale". 2 " 
tank ! ecunder.abad. S. B. bengalen,' f. colai~n ' i . 
Lak Andhra Prade' h. 59. B. bengal n i . ehurn a, 
B. eras a 19. '0 X l' 0 mm' 19.2'0 X 17.7 _ mm. 
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ig.62. B, bengalen IS f.. nepalensis. 31.0 X 21.16 mm., Nepal. 63. B. bengalensis f.. balteata, 
26.78 X 18.79 mm. Siliguri. 64 .. B. hel,clformi~ (=8. dissimilis), 22.46 !< 16.20 mm., Banga ore. 
,65. B. variata (=B. di imi'lis) 24. 6 X 17.52 mm., Tamilnadu. 66. B. dis.similis 24.86 X 7.52 
mm .. Ranchi, Bi ar. 67. B. olivacea (-B. dissimiHs) 25.86 X 18.76 'mm." Lotus pond, Elore, 
Andhra Pradesh. 
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Fig. 68. B. crass.ispir-alis, yntype 20.0 X 7.5 mm., Manipur. ' . An.gu/ a ra m,; n Iza ,t, 'Ph 
29.66 X 21.00 mm. Di'mapur.70. Anguly agra ,'trop;, .. ' 2 .X 1.17 mm., . n' ur. 7-. 7_. 
Bellamya "J1~C.rO.n, Holotype, 0.75 X I .65 mm. M ,anipuf .. 7. ip,a" , opaludin. I 'thi 5.3 
X 40.16 film .. Manipur. 74. Taia theohaldi ' yntype, 27 .~12 X 21. mm. urm· __ . 
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Fi,g.75. Ta£a ,theoqaldi" ni er Syntype;, 24.25 X 19.3 mm. Burma. 76. Taia nat,'ool:de . ', 1.06 X 
21..16 'mm' 1 Burma. 77. T. elitoralis, 31.86 X 19.31 mm. Inle Lake, Burma. 78. T. intha, 
Syntyp ~ , ,31.52 X 21.57 mm. Burma. 
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Fig. 79. Valvata stoliczkana, Holotype, 2.05 X 3.30 mm., Yarkand. BO. Pila globo.\Q. 44.65 X 

43.70 mm., Calcutta. 81. P. globosa incrassatula. Holotype, 31 .80 X 28.05 mm.\ Calcutta. 82. P. 
globosa minor Syntype, 32.85 X 28.50 mm., Dum Dum, Calcutta. 83. P. scutata, 42.30 X 39.90 
mm., Andamans. 
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ig. 84. paa theobaldi. 86.05 x 84.65 mm., Burma. 85. P. ne~ill,,;an,a. Syntype, 37.3 X 3 . .15 
mm. Tr,anqu _bar. 86. Turbinicola saxe,a 24. 5 X 20.95 mm., Khandal a. 87. PUa viren .64.0 
X 60.3.5 mm.Madras. 
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'Figs. 88, 89. Cremnoconchu )yha,drensis. 6.4 X 7. m .. Lonova 8, 

10.25 X 9.10 mm. :; 1"1.68 X 9.8 mm., Mahaba e hwar, -une. 2, 
mm., 7.65 X 6.15 mm", une. 
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Fig.89a b. Cremnooonchus syhadrensis,Lonovala, Pune. 
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Asia, Africa and America. Common In freshwater ponds, tanks, 
streams and paddy fields. 

Prashad (1925) made a revIsIon of Indian Pilidae. The functional 
anatomy of the mantle cavity, kidney, gut, blood and reproductive systems of 
pilid gastropods were studied by Andrews (1964, 1965a, b) and Pain (1972). 

Two genera are represented in India; Pi/a is a common one and 
Turbinicola is a hill-stream form with very restricted distribution. 

1. Shell large or very large, globose, aperture large, expanded, 
surface of shell smooth, body whorl inflated, umbilicus open, 
lateral teeth with five cusps, third or central one the largest 
and innermost reduced, the lung less capacious, its opening 
small ... ... .... ............ ........ ... ...................................................... Pila 

Shell comparatively small, regularly ovate, aperture relatively 
high and narrow, surface of shell malleated with minute spiral 
and longitudinal striae, umbilicus closed, lateral and marginals 
with two cusps, inner one vestigial and the outer expanded and 
obliquely truncate, lung more capacious, its opening larger ............... Turbinicola 

Genus 10. Pita (Bolten) Roeding, 1798 

Pi/a (Bolten) Roeding, 1798, Museum Bo/tenianum, pt. 2, p. 145 (in part) 

Type species: Helix ampullacea S. D. Dall, 1904, J. Conch., 11: 53. 

Asia and Africa. 

Prashad (1925) revised the genus and recognised eight species and 
six varieties occuring in India, Sri Lanka and Burma. He reported P. layardi 
(Reeve) and P. robsoni from Sri Lanka. But in a more recent paper 
Starmuehlner (1974) concluded that only one species, namely Pi/a globosa 
is represented in Sri Lanka. In the present state of our knowledge it is 
not possible to come to any conclusion with regard to Indian species. How
ever, it may be mentioned that four species, namely P. globosa, P. virens, 
P. scutata and P. theobaldi are easily distinguishable. 

The species are known by their shell characters which are generally 
variable. The anatomical details of all the species are not known and it is 
imperative that the key is based on shell characters of the adult. 

1. Shell globose, and spacious, upper surface of whorls obliquely 
flattened, suture not deep, spire depressed ................................. P. globo~'a 

Shell ovoid or semiglobose, suture deeply impressed, spire 
elevated .......................................................................................... 2 
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2. Suture canaliculate with a distinct carination of the whorls 
on the outside, spire prominent and conical..... .......... .......... ........ P. v;rens 

Suture without a distinct carination, spire distinct and more 
elongated ................................................................................. · .. .. • 3 

3. Shell smaller, whorls descending step-like, colour bands 
showing through the aperture of the shell, umbilicus narrow............... P. scutata 

Shell larger, whorls globose, aperture without colour bands, 
umbilicus widely open ......... ... ..... .... ...... ..... ......... ..... ..... ...... P. theobald; 

31. Pila globosa (Swainson, 1822) 
(Figs. 80-82) 

Ampullaria globosa Swainson, 1822, Zool, Illustrations, Vol. 2, pI. cxix. Type locality: 
"Rivers of India." 

Type: BM (NH). 

Distribution: India: Maharashtra, Madhya Pradesh, Uttar Pradesh, 
Bihar, West Bengal, Orissa and Assam. Not recorded from Punjab and 
Himach~l Pradesh. 

Remarks: The species has been the centre of investigation by several 
workers. Bahl (1928) investigated the reproductive processes and develop
ment. Some of the important investigations were: Bhargava (1968) 
on the structure of heart, Ghosh E. N. (1912) on nervous system, Prashad 
(1925) on biology and anatomy and Ranjha (1942) on embryology. There 
were several publications dealing with different aspects of its physiology, 
including aestivation: Bhargava (1964), Brahmanandan (1976), Chatterjee 
(1960), George & Desai (1955), Krishnamoorthy (1968), Nayeemunnis (1978), 
Raghupathiramireddi (1967), Raghupathiramireddi & Swami (1961, 1964, 
1968), and Saxena (1955, 1956a). 

The species is known by its two varieties, viz. incrassatula Nevill, 1877 
(Fig. 81) and minor Nevill, 1877 (Fig. 82). They are so far reported 
from ponds around Calcutta, in West Bengal. 

Parasites. The following larval trematodes were recorded: Arty
Jechinostomum s~fratyfex, Diplodiscus sp. Anjaneyulu, 1967, Echinostoma 
cercaria Ganapati & Rao, 1968, Cercaria andhraensis Ganapati et al 1969; 
Cercaria pigmentata Rao et aI, .¥iphidocercaria sp., Sen, 1949. 
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32. Pila nevilliana (Annandale and Prashad, 1921) 
(Fig. 85) 
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Pachylabra nevilliana Annandale and Prashad, 1921, Rec. Indian Mus. 22: 11, fig. 2. 
Type locality: Tranquebar. 

Type: ZSI Regd. No. M 11864/2. 

Distribution: Not known beyond type locality. 

Remarks: The species is known by its type series only. It is doubt
fully placed next to P. virens (Prashad, 1925). When compared with P. virens 
the shell is stouter, body whorl more transverse, suture more oblique, sculp
ture coarser and less regular. 

33. Pila olea (Reeve, 1856) 

Ampul/aria olea Reeve, 1856, Conch. Icon., 10, Ampul/aria, sp. no. 102, pI. xxi, fig. 102. 
Type locality: Not mentioned. 

Type: BM (NH) 

Distribution: Cachar, Assam. 

Remarks: Allied to P. virens and may be a variety of it (Prashad, 1925). 

34. Pila scutata (Mousson, 1848) 
(Fig. 83) 

Ampul/aria scutata Mousson, 1848. Milth. Natur/. Ges. Zurich, 1: 268. Type locality: 
Java. 

Pita conica: Prashad, 1925, Mem. Indian Mus., 8: 79. pI. xv. figs. 4-8. 

Pi!a scutata: Benthem Jutting, 1956, Treubia, 23(2): 332, figs. 37-40. 

Distribution: The typical form is widely distributed extending from 
Andaman & Nicobar Islands to Celebes and north to the Philippines. Not 
found in Moluccas or New Guinea (Benthem Jutting, 1956). 

Remarks: Annandale (1920) and Benthem Jutting (1956) gave good 
descriptions of the species. The latter provided a note on the spawning 
also. 
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Prashad (1925) recognised two varieties namely compacta Reeve, 1856 
and gracilis Lea, 1856. The former is distinguished from the typical for~ 
by its thicker and stouter shell with strong vertical striations, broader colu
mellar callus and more ovoid mouth. The variety compacta was originally 
recorded from Burma only but later it was recorded from Andamans also 
(Subba Rao et aI, 1979). The variety gracilis is restricted to Burma. 
Excepting in size the two varieties are hardly distinguishable. 

35. Pila theobaldi (Hanley, 1875) 
(Fig. 84) 

Ampul/aria theobaldi Hanley, 1875, Proc. zool. Soc. Lond., p. 608. Type locality: Bhamo, 
Burma. 

Pi/a theobaldi: Prashad, 1925, Mem. Indian Mus.~ 8: 77, pI. xv, fig. 3. 

Distribution: Confined to Burma (Prashad, 1925) 

Remarks: It is the largest apple snail. It grows to 85 mm. in total 
height. It differs from the closely allied P. virens in size, more globose, 
more impressed suture and very open umbilicus. 

36. Pila vireos (Lamarck, 1822) 
(Fig. 87) 

Ampul/aria virens Lamarck, 1822, Hist. nat. animo sans Vert., 6 (2): 179. Type locality: 
Not mentioned. 

Ampul/aria maura Reeve, 1856, Conch. Icon., 10, Ampul/aria~ sp. no. 57, pI. xiii, fig. 57. 

Pi/a virens: Prashad, 1925, Mem. Indian Mus.~ 8: 75, pI. xiv, fig. 13. 

Type: MHN. 

Distribution: It is a common species in South India and Maharashtra. 

Remarks: The species is very variable in its colour and shape of the 
spire. It is so variable that at times it becomes difficult to distinguish it 
from the other common species, P. globosa. This is more particularly true 
when the collections originate from Orissa, West Bengal and Assam. 
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The physiology, especially pertaining to aestivation was investigated 
by Meenakshi (1951, 1954, 1955a-c, 1956a-c, 1957, 1964), Rammoorthi 
(1955, 1958a, d, 1959a, b, 1960), Shylaja and Alexander (1975). 

Genus 11. Turbinicola Annandale and Prashad, 1921. 

Turbinicola Annandale and Prashad, 1921, Rec. India" Mus., 12: 9. 

Type species: Ampul/aria nux (= AnJpullaria saxea) Reeve. 

Members of this species are restricted to hill streanlS in Western Ghats, 
India and Burma. 

The animal in general resembles that of Pila, but its habitat has brought 
in certain changes in its anatomy. The branchial and pulmonary chambers 
of the mantle cavity are distinctly separated by a well-developed epitaenia. 
The lung is also comparatively well-developed and nlore efficient. Gill is 
not used for aquatic respiration as much as in Pi/a. 

The genus includes two species, one Indian and the other Burmese. 
The latter is known by shell characters only; it is more globose, generally 
smooth and larger than the Indian species. 

37. Turbinicola saxea (Reeve, 1856). 
(Fig. 86) 

Ampul/aria saxea Reeve, 1856, Conch. Icon., 10, Ampul/aria, pI. xxii, fig. 108. Type 
locality: Streams near Khandalla (Prashad, 1925). 

Turbinicola saxea.· PraShad, 1925, Mem. Indian Mus., 8: 87, pI. xiv, figs. 10-12. 

Type.' BM (NH). 

Distribution.' Hill streams around Khandalla and Igatpuri, Western 
Ghats. 

38. Turbinicola aperta (Philippi, 1849) 

Ampul/aria aperta Philippi, 1849, Zeitschr. Malakzool. 6: 18. Type locality:? 

Turbinicola aperta: Prashad, 1925, Mem. Indian Mus., 8: 88, pI. xv. figs. 1, 2. 

Distribution.e Hill-streams in Burma. 
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Family 5. LITTORINIDAE 

"Periwinkles" 

Shell thick, turbinate, imperforate, whorls more or less rounded, smooth 
or spirally striate, axially furrowed or nodulose, aperture ovate, operculum 
horny and paucispiral. 

Mainly marine, but extending to estuaries and also in freshwater. Very 
comnlon in the intertidal zone in the Indo-Pacific region and also in east
ern Pacific, Atlantic and Antarctic seas. 

Only one freshwater genus Cremnoconchus Blanford, 1869. 

Subfamily CREMNOCONCHINAE Preston, 1915. 

Shell ovate, depressedly turbinate, with large aperture. 

Freshwater. India. 

Genus 12. Cremnoconchus Blanford, 1869. 

Cremnobates Blanford, 1863, Ann. Mag. nat. Hisl., (3) 12: 184 (non Swainson, 1865) Pre
occupied for a fish. 

Cremnoconchus Blanford, 1869, Ann. Mag. nat. Hist., (4) 3: 343. Type species: Cremno
conch us syhadrensis Blanford, O.D. 

Shell globose or turbinate, smooth or with spiral striae, periostracum 
thick, aperture subovate, operculum paucispiral. 

Anim~l with a short and thick snout, tentacles very long, mantle mar
gin with fine finger like processes, penis large. 

Hill streams of Western India. 

Subgenus Cremnoconcbus s. str. 

Shell broad, stout, sculptured with strong spiral ridges, below flat, 
with fine striae. 
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39. Cremnoconchus (Cremnoconchus) syhadrensis (Blanford, 1863) 
"(Figs. 88, 89, 89a, b.) 
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Cremnobates syhadrensis Blanford, 1863, Ann. Mag. nat. Hist., (3) 12: 184, pI. iv. figs. 1-7 
Type locality: Syhadri hills, Khandala, Pune district (Subba Rao & Mitra, 1979). 

Cremnoconchus syhadrensis Blanford, 1869. Ann. Mag. nat. Hist., (4) 3: 343. Subba Rao 
and Mitra, 1979, Rec. zool. SUrl'. India, 75: 24. 

Distribution: Western Ghats and Igatpuri (Blanford, 1870) 

Remarks: Shell globose, whorls 4j, periostracum olive green to brown, 
perforate, body whorl large, sutures distinct, sculptured with distinct spiral 
granular ridges in the upper half and fine spiral striae in the lower half, 
aperture oval, columella slightly reflected, with callus, outerlip thin, a broad 
white band in between two brown bands inside the aperture. 

Foot short, mantle margin free, with a gill and a branchial chamber. 
Sexes separate. 

Subgenus Lissoconchus Thiele, 1931. 

Shell higher than broad, without any spiral ridges or striae, spire conical, 
body whorl slightly or prominently keeled. 

40. Cremnoconchus (Lissoconchus) carinatus (L"ayard, 1854) 
(Figs. 90, 91) 

Anculotus carinatus Layard, 1854, Proc. zool. Soc. Lond., p.94. Type locality: "Streams 
in the Mahakeshwar" (= Mahabaleshwar) hills. 

Cremnoconchus carinatus: Blanford, 1870, J. Asiat. Soc. Bellg., 39 (2): 12, pI. 3, fig. 5. 

Types: BM (NH). 

Distribution: Mahabaleshwar hills, Maharashtra. 

Remarks: Shell ovately conical, spire short and exserted, whorls 
inflated, sharply keeled in the middle, minute longitudinal striations, colour 
olive-yellow, marked with two indistinct broad, brown bands, seen distinctly 
in the aperture, columellar side slightly callus and white. 
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41. Cremnoconchus (Lissoconchus) conicus (Blanford, 1870) 
(Figs. 92, 93) 

Cremnoconchus coniclls Blanford, 1870, J. Asiat. Soc. Beng., 39 (2): 10, pI. 3, fig. 3. Type 
locality: Toma hills, near Pune. 

Distribution: Torna hills, near Pune, Maharashtra. 

Remarks: Shell ovately conical, spire conical, sutures distinct, angle 
at the periphery slightly marked in the typical form but distinct in the variety 
canaliculatus. 

Judging from the figures and description given by Blanford (1870) C. 
conicus should be synonymous with C. carinatus Layard. According to him 
"perhaps all three forms (refers to C. carinatus, C. conicus and its var. 
canaliculatus) should be considered as varieties of one species, for which, 
however the name carinatus, which is not very appropriate even for full 
grown specimens of the Mahabaleshwar hills can scarcely be retained with 
propriety" 

Family 6. HYDROBIIDAE* 

Shell elongate conical, rarely higher than 10 mm., smooth, narrowly 
umbilicate to imperforate, aperture ovate. Operculum horny (corneous), 
usually paucispiral. 

Snout long, terminally a little divided, foot broad and simple, not 
divided, anteriorly truncate and posteriorly rounded. 

Radula 2: 1 : 1 : 1 :2. Central broader than long, with cusps on the basal 
edge. 

Oesophagous without gland, stomach with crystalline style. Verge 
slightly to the right of mid dorsum and without a flagellum. 

Sexes separate and development direct. 

World-wide. Marine, brackish and freshwater and a few extending on 
to land. 

Three subfamilies viz. Hydro biinae, Triculinae, and Ira vadiinae, each 
represented by a single genus. 

* The name is tentatively used. Iravadiinae is elevated to a family by recent authors. 
Triculinae is a subfamily under Pomatiopsidae and the position of P. nevilli is not 
known. 
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Annandale (1920) dealt with different Indian genera in the family 
Hydrobiidae and pointed out the deficiencies in the Preston's Fauna Volume. 

Subfamily HYDROBIINAE 

Genus 13. Potamopyrgus Stimpson, 1865 

Subgenus Indopyrgus Thiele, 1928 

Shell smooth, radula with finely toothed central. Similar to Amnicola. 

42. Potamopyrgus (lndopyrgus) nevilli Thiele, 1928. 

Potamopyrgus (lndopyrgus) nevilli Thiele, 1928, Zool, Jahrbuch., (Syst. Ahlh.), 55: 373, 
pI. 8, fig. 7. Type locality: Andamans. 

Types: Berlin Museum. 

Distribution: Not known beyond Andamans (Except type no other 
material is known). 

Remarks: Shell oval, smooth, spire short and blunt, body whorl large, 
aperture slightly oblique, oval, margins thickened. Operculum thin, horny 
and spiral. 

Subfamily TRICULINAE Annandale, 1924 

Shell small or of moderate size, rarely 10 mm. in height, elongate with 
a number of whorls. Operculum thin, transparent and paucispiral. 

Radula with relatively broad denticulations, Rachidian or central 
with two or three lateral denticulations on either side. 

Foot simple, undivided and not produced anteriorly. 

Snout comparatively short and broad, tentacles filiform. Gill filaments 
usually prolonged across the roof of the mantle cavity to the anal border, 
true gills comparatively reduced in length but expanded and bear long 
cilia. Verge without a lateral appendage. 
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Among stones or weeds in very shallow waters of mountain streams 
or at the edge of rivers. 

India, Sri Lanka, Upper Burma, Thailand and China. 

Genus 14. Tricula Benson, 1843 

Tricula Benson, 1843, Calcutta J. nat. Hist., 3: 467. 

Type species: Tricula montana Benson. Annandale and Prashad, 1921, Rec. Indian 
Mus., 22: 3. 

Shell small, thin and elongate, surface smooth and glossy, narrowly 
perforate or imperforate, columellar callus poorly developed and outer lip 
thin; aperture ovate to subquadrate, operculum thin, horny and paucispiral. 

Foot elongate, truncate anteriorly and rounded posteriorly, central 
tooth of radula without basal denticulations, verge without lateral process. 
Mountain streams of Central, North and North east India, North and East 
Burma, South-east Asia-Malaysia, Laos, Cambodia and the Philippines. 

The genus is regionally known by six species, two from India and four 
from Burma. 

Recent studies have" shown that the genus includes 20 to 25 species 
and has a wider distribution. Davis (1960, 1976, 1979, 1980a, b) and 
Davis et al (1983, 1984) have made important contributions to our know
ledge on the anatomy of Tricu/a. 

Key to the species of Tricula (After Rao, 1928). 

1. Out line of the shell conspicuously broken by the suture ................... ........ 2 

Outline of the shell not conspicuously broken by the suture . . . . . . . . . . . . . . . . .. . . ... . S 

2. Outline of aperture rounded, outerlip uniformly thickned ............... T. gravelyi 

Outline of aperture oval, outerlip not uniformly thickned ... ... ... ... ............... 3 

3. Shell with rather narrow whorls, when viewed ventrally 
the anterior margin of the aperture projecting considerably 
in advance of the outline of the bodywhorl ........................... ... ... T. montana 

Shell with broad whorls, ventrally anterior margin of aperture 
not projecting conspicuously ... .........................................................•.. 4 
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4. Shell opaque and coloured when fresh, outerlip thickened ...... ... ...... ... T. marlil,i 

Shell hyaline when fresh, outerlip not very much thickened 

5. Shell height exceeding 5 mm, aperture elliptical and produced 

T. gregorialla 
expansa 

above and below .................................................................. T. lay/or; 

Shell height not exceeding 5 mm, aperture oval and not so 
produced ............................................................................. . 

43. Tricula gravelyi Prashad, 1921 
(Fig. 98) 

T. horae 

Tricula gravelyi Prashad, 1921, Rec. Indian Mus., 22: 69, figs. le, 1d. Type locality: 
Still creek, amongst small islands in the bed of the Narmada river, at Hoshangabad, 
Madhya Pradesh. 

Types: ZSI Regd. No. M 11895/2. (Syntypes). 

Distribution: Not known beyond type locality. 

Remarks: Shell elongate oval with obtuse apex, whorls 5l to 6j., 
increase regularly, suture oblique, deeply impressed but not canaliculate, 
aperture smaller than in T montana. 

Found attached to weeds. It is the only species found in still creeks 
in the plains, while all the other species occur "in weedy streams at moderate 
altitudes" 

44. Tricula gregoriana expansa Rao, 1923 
(Figs. 101, 102) 

Tricula gregoriana expansa Rao, 1928, Rec.Indian Mus., 30: 437, text-fig. 11. Type locality: 
Mongyu, Shan states. 

Types: ZSI Regd. No. M 12808/2 (Syntypes). 

Distribution: Burma 

Remarks: Shell elongate ovate, polished, 6-6j. whorls, aperture 
broadly ovate, columellar callus slightly reflected over the umbilicus. 

Found sticking to the weeds in streams. 
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45. Tricula horae Annandale & Rao, 1925 
(Figs. 95, 103, 104) 

Tricula horae Annandale and Rao, 1925, Rec. Indian Mus., 27: 116. fig. 6. Type locality: 
He-Ho Gorge. 

Types: ZSI Regd. No. M 12460/2. (Syntypes). 

Distribution: Burma. 

Remarks: Shell narrowly ovate, whorls 5l to 6, apex blunt, body 
whorl occupying nearly half the length of the shell, columellar callus well 
developed in the form of a narrowly flattened ridge continuous at the lip 
and closing the umbilicus. 

Rao (1928) expressed a doubt regarding the occurrence of this species 
and its variety, viz. T horae var. major in the living condition. 

46. Tricula martini· Rao, 1928 
(Fig. 99) 

Tricula martini Rao, 1928, Rec.lndian Mus., 30: 434, text. fig. 9. Type locality: At Kutkai, 
in a small channel flowing into the Nam Geng river, S. Shan states. 

Types: ZSI Regd. No. M 12807/2 (Syntypes). 

Distribution: Burma. 

Remarks: The species is similar to T gregoriana but differs from 
it in having a thicker shell, a deeper suture and more convex whorls. Shell 
lemon yellow to brown. 

47. Tricula montana Benson, 1843 
(Figs. 96, 97) 

Tricula montana BensQn, 1843, Calcutta J. nat. Hist., 3: 467. Type locality: Bhimtal, 
NainitaI, UUar Pradesh. Prashad, B. 1921. Rec. Indian Mus., 11: 67. figs. la, lb. 

Distribution: India: Bhimtal, D.P., Jhiri Valley, Assam; Central 
Sri Lanka. 
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Remarks: Shell conically ovate; twice as long as broad, apex obtuse, 
whorls 5j- 6, increase irregularly, sutures oblique, ~urved and somewhat 
canaliculate. 

"On stems and leaves of an aquatic plant in a stream flowing through 
the marsh at the head of the Bhimtal Lake." 

Prashad (1921) could not collect any specimen from the type locality, 
when he visited the place in August, 1920. The species has been redis
covered recently and its anatomy has been studied (Davis et al. 1986). 

48. Tricula taylori Rao, 1928. 
(Fig. 100) 

Tricula taylor; Rao, 1928, Rec. Indian Mus., 30: 432, Text fig. 7. Type locality: A small 
stream on the Reservoir road in Lashio, N. Shan States. 

Types: ZSI Regd. No. M 12806 (2 (Syntypes). 

Distribution: Burma. 

Remarks: Shell larger than in all the species of Trieu/a, whorls 6-7j, 
whorls evenly increasing, the body whorl oblique and narrow at the begining 
but broadens out distally trumpet-like, body whorl with a slight peripheral 
keel giving it an angular appearance in ventral view, columellar callus thick 
and unusually broad, a distinct narrow channel runs from the more or less 
closed umbilicus to the anterior end of the shell. 

Subfamily IRA VADIINAE Thiele, 1928 

Shell small, periostracum brown, whorls with strong spiral ridges, 
aperture oval, peristome thick, with an external varix, columellar margin 
weak above, operculum horny, not spiral, nucleus nearer to the inner margin, 
two transverse ridges 011 the inner side. 

Radula with a short and broad central, with additional cusps on either 
side of basal corners, laterals long. 

Mostly estuarine. India and Burma. 

A single genus. 
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Genus 15. Iravadia Blanford, 1867 

Iravadia Blanford, 1867, J. Asiat. Soc. Beng., 36 (2): 56. 

Type species: Iravadia ornata Blanford. 

Shell imperforate, turreted with spiral ridges, thick, covered with 
periostracum, aperture oval. 

Four species from the Indian region and all known by their Types. 
They 'may all turn out to be one and the same species~ However, a provi
sional key is given below to distinguish them from each other. Brackish
water. 

1. Shell very much elongated, whorls five or more .......................................... 2 

Shell stunted and fusiform, whorls generally three 1. /unerea 

2. Sculptured with very distinct regular spiral lirae, interstices 
crossed by fine transv~rse striae ..................................................••....•... 3 

Sculptured with spiral lirae, interstices not very deep, trans-
verse striae almost obsolete ................................................... 1. annandale; 

3. . Spire very much pointed, lower margin of columella produced ...... ... ... 1. princeps 

Spire comparatively less pointed, lower margin of columella 
not much produced ......................................................... I. ennurensis 

49. Iravadia annadalei Preston, 1916. 
(Figs. 105, 106) 

Iravadia annandale; Preston, 1916, Rec. Indian Mus., 12: 31, fig. 8, 8a. Type locality: 
Ennur back-waters. 

Type: ZSI Regd. No. M 10051/2. (Holotype). 

Distribution: Cochin and Ennur backwater. 

Remarks: Differs from ennurensis in its more slender form, more 
acute lirations and obsolete, transverse striae, aperture smaller, whorls 6. 
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50. Iravadia ennurensis Preston, 1916. 
(Figs. 107, 108) 
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lravadia ennurensis Preston, 1916. Rec. Indian Mus., 12: 31, fig. 7, 7a. Type locality: 
Ennur backwater, Madras. 

Type: ZSI Regd. No. M 10050/2 (Holotype). 

Distribution: Not known beyond type locality. 

Remarks: Shell cylindrically fusiform, whorls 5, sculptured with 
regular revolving spiral .1irae crossed by fine transverse striae, suture im
pressed, finely lirate above, parietal callus restricted and well defined. 

51. Iravadia funerea Preston, 1916. 
(Figs. 109, 110) 

Iravadia funerea Preston, 1916, Rec. Indian Mus., 12: 30, fig. 6, 6a. Type locality: 
Cochin backwater, near Ernakulam. 

Type: ZSI Regd. No. M 10052/2 (Holotype) 

Distribution: Not known beyond type locality. 

Remarks: Shell ovately fusiform, whorls 3, sculptured with coarse 
spiral lirae showing traces of transverse striations, suture impressed, colu
mellar margin vertically descending, parietal callus restricted and well defined. 

52. Iravadia princeps Preston, 1915 
(Figs. Ill, 112) 

Iravadia princeps Preston, 1915, Rec. Indian Mus., 11: 480, fig. 2, 2a. Type locality: 
Canal near Chingrighatta, outskirts of Calcutta. 

Type: ZSI Regd. No. M 9741 (Holotype). 

Distribut ion: Known from type locality only. 
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Remarks: Shell elongately fusiform, whorls 7, sculptured with fine, 
acute regular and slightly distant spiral lirae, interstices occupied by very 
fine transverse riblets, suture impressed, columellar margin porcellanous, 
narrowly outwardly expanded and reflexed. 

Family 7. BITHYNIIDAE 

Shell ovate to elongate-turreted, narrowly umbilicate to imperforate, 
moderately convex whorls. Aperture ovate to round, some times expanded 
basally, peristome continuous and thickened, columellar fold ridgelike. 
Operculum as large as aperture, thick, calcareous and concentric with a small 
subcentral, spiral nucleus. 

Tentacles long with thickened bases bearing eyes on lateral side. 
Radula 2: I, central tooth of the radula with or without a series of latero-basal 
denticulations on either side .. 

Sexes separate. Verge located on the dorsal side of the neck, curved, 
fleshy and bifid. A long finger like appendage on the inner concave part. 
A small, cupshaped skin flap attached to the right side of the head just 
behind the right tentacle. 

Freshwater streams, stagnant water pools and paddy fields. 

Europe, Asia, Africa, Australia and North America. 

Pace (1973) reviewed the validity of the nomenclature of this family. 
Benthem Jutting (1956) used the family name Bulimidae. Important con
tributions include Annandal~, (1920a, 1924), Annandale and Prashad (1921a, 
1924), Annandale, Prashad and Kemp (1919), Abbott (1948), and Walker 
(1925, 1927). 

Represented by five genera namely, Bithynia, Digoniostoma, Gabbia 
Sataria and Mysorella. 

Godwin-Austen (1919a) while describing the new genus Mysorella 
suggested that it should be placed in a separate family. But Annandale 
(1920) preferred to treat it under a separate subfamily Mysorellinae as dis
tinct from the other subfamily Bithyniinae, which includes the other four 
genera. 
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Key to subfamilies 

Shell not very thick, smooth to the naked eye or with fine spiral 
ridges; ovate or globose, columellar fold ridge-like, central tooth 

73 

with a series of latero-basal denticulations on either side ............... BITHYNIINAE 

Shell rather thick, with strong spiral ridges. turbinate, columellar 
fold not ridge-like, central tooth without latero-basal denticula
tions but with a single downwardly directed blunt process on either 
side ... .... .............. ... ... ........... .... . . . . .. . .. .. .. . .. ..... ... ... . . . ... . .. . .. . .. M YSORELLINAE 

Subfamily BITHYNIINAE (BULIMINAE) 

Annandale (1920b) included four genera namely Bithynia, Digon;ostoma, 
Sataria and Gabbia in this subfamily. 

Key to genera 

1. Operculum with a distinct but paucispiral figure situated near 
the middle of the lower part, transparent, columellar fold 
ridge-like ·but by no means prominent, groove running 
from the umbilicus absent ............................................. Gabbia (=Aloclnma) 

Operculum concentric, thick with central or subcentral nucleus, 
internally smooth, columellar fold ridge-like and prominent, 
a well defined groove running downwards from the umbilicus ........................ 2 

2. Shell generally more elongate, smooth or with microscopic 
spiral striae .................................................................................... 3 

Shell trochiform with fine but distinct spiral grooves Sataria 

3. Outer lip thin, not produced or angulate at its inner extremity Bithynia 

Outer lip slightly thickened, produced and angulate or sub-
nagulate at its inner extremity...... ........................... ............ Digoniostoma 

Genus 16. Bitbynia Leach, 1818 

Bithynia Leach, 1818 in Abel's Narrative of Journey into interior 0/ China. p. 362. 
Type species: Helix tentaculata Linnaeus, 1758. 

Shell elongate-conical and acuminate. Whorls convex, usually per
forate but constricted, a well defined groove extending obliquely downwards 
from the umbilicus to columellar fold, a sharp and prominent ridge forming 
a wall along the inner margin of the groove. Operculum not very thick, 
externally with coarse concentric ridges, nucleus central or sub-central, 
internally almost smooth. 
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The denticulations of the lateral teeth greatly enlarged, denticulations 
of marginals minute and sharp. 

Mainly Palaearctic but extending into Kashmir and neighbouring 
countries. 

Two specIes were reported from Kashmir but only one IS definitely 
known. 

53. Bitbynia tentaculata kashmirensis (Nevill, 1884) 

Bithynia tentaculata var. kashmirensis Nevill, 1884, Hand List Moll. Indian Mus. # 2: 39 
Type locality: Srinagar, Kashmir. 

Bulilnus tentaculatus (Linnaeus) var. kashmirensis; Raj ago pal and Subba Rao, 1968, Proc. 
Symposium Mollusca. Mandapam, pt. 1, p. 99. 

Types: ZSI Regd. No. 2236 

Distribution: Kashmir (common In paddy fields). Salt Range, 
Punjab. 

Remarks: Shell conically ovate, greenish brown, ·whorls five, smooth, 
convex, apex rather sharp, umbilicus minute or almost closed, aperture 
pyriformly ovate, lip generally dark-edged, scarcely reflected. Operculum 
with a central nucleus. 

54. Bithynia troscheli (Paasch, 1842) 
PalUdina troscheli Paasch, 1842 Archiv. fur Naturgeschaft, 1842, p. 300, pI. 6, figs. A-D. 

Bithynia trosche/i: Preston, 1915, The Fauna of British India, Mollusca (Freshwater Gas
tropoda and Pelecypoda), p. 77. 

Distribution: Europe; Kashmir. 

Remal'ks: Its occurrence in Kashnlir is doubtful. There are no recent 
records or collections to prove its occurrence there. 

Shell small, ovately fusiform, suture rather deep, aperture ovate. 

Genus 17. Sataria Annandale, 1920 
Salaria Annandale, 1920. Rec. Illdian Mus., 19: 45. 

Type species: Bithynia evezardi Blanford. 

Shell moderately small and thick, trochiform, whorls swollen, perforate, 
a broad and deep oblique groove extending down the umbilicus, peristome 
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continuous, internally thickened, prominent and produced to a point both 
above and below, sculpture of fine but distinct spiral grooves. Operculum 
calcareous, stout, smaller than the aperture, externally with strong con
centric ridges, central nucleus, internally convex and smooth. 

Central tooth with a quadrate process on the disc, denticulations of the 
teeth blunt. 

Western Ghats. 

55. Sataria evezardi (Blanford, 1880) 
(Figs. 117, 118) 

Bythinia evezardi Blanford, 1880, J. Asiat. Soc. Beng., 49 (2): 220. Type locality: 
Lanaoli, between Bombay and Pune. Nevill, 1881, J. Asiat. Soc. Beng., SO (2): 157, 
pI. 6, fig. 13. 

Types: ? 

Distribution: Maharashtra: Khandala and Mahabaleshwar. 

Remarks: Whorls 4 to 5, rounded, spire conical, sutures deeply im
pressed, sculptured with regular, close and impressed spiral lines. Aperture 
oval, subangulate at the anterior and posterior ends, peristome simple, 
straight, obtuse, umbilicus distinct. 

Genus 18. Gabbia Tryon, 1865 

Gabbia Tryon, 1865, Amer. J. Conch., 1: 216. 

Type species: Gabbia australis Tryon. 

Alocinma Annandale and Prashad, 1919, Rec. Indian Mus., 18: 23 (as subgenus of 
Amnicola). 

Type species: Amnicola (Alocinma) sistanica Annandale and Prashad, 1919. 

Shell more or less globose, with somewhat tumid whorls, body whorl 
large, sutures wide, imperforate or subumbilicate, columellar fold ridge-like 
but not prominent, no well defined groove extending down the umbilicus. 
Operculum thick and calcareous but usually hyaline or subhyaline, distinctly 
spiral and with a slightly cocentric nucleus, but ornamented round the margin 
with concentric lines. 

Foot relatively short projecting very little beyond the shell, rounded 
or pointed posteriorly and angulate anteriorly, snout long and narrow. 
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Radula similar to that of Amnicola. Central tooth with a distinct 
quadrate projection on its disc, with very few laterobasal denticulations 
at sonle distance from lateral margins. 

Verge (penis) almost in the middle of 'neck; large and flattened. 

India, Australia, Africa and Mesopotamia. All species of so-called 
'Gabbia' reported to occur in Africa are now classified in a distinct genus, 
Gabbiella Mandahl-Barth (Brown, personal communication, and Brown 
1980). 

Key to species 

1. Shell globose, thick, body whorl proportionately swollen, 
columellar callus well developed ............................................. ............ ..• 2 

Shell ovately fusiform, not so thick, body whorl not much 
swollen, columellar callus not much developed . .............. ... ... ... .... .............. 3 

2. Aperture somewhat contracted (body whorl smooth) G. stenothyroides 

Outerlip slightly produced outwards (body whorl with raised 
ridges) ........................................................................... G. physcus 

3. Shell narrowly umbilicate G. alticola 

Shell inlperforate .............................................................................. 4 

4. Shell with rounded whorls and deep sutures, columelblr margin 
descending at an angle ......... ...... . ..... ............... .... .............. ...... G. orcula 

Shell with obliquely rounded whorls and shallow sutures, 
columellar margin ridge-like and descending almost straight 

56. Gabbia orcula Frauenfeld, 1862 

G. travancorica 

Bithynia orcula Frauenfeld, 1862, Verhandl. Zoo I. Bot. Geschaft, p. 1154. Type locality: 
"in Cuming's Sammlung Von Ganges, RanewaIla, Ceylon, Barrackpore". Hanely 
and Theobald 1876, Conch. Indica. pI. XXXVIII, figs, 9, 8. 

Amnicola (Alocillma) orcula: Annandale, 1921 Rec. Indian Mus., 22: 540. 

Types: ? 

Distribution: Assam, West Bengal, Bihar, Uttar Pradesh, Punjab, 
Rajasthan and Maharashtra. 
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Remarks: Shell globosely conic, almost imperforate, smooth, whorls 
four, slightly rounded, body whorl swollen, columellar margin a little re
flected. Sewell (1922) recorded a few cercariae from this species but there 
are no subsequent records. 

57. Gabbia orcula var. producta (Nevill, 1884) 
(Fig. 142) 

Bithynia orcula var. producta Nevill, 1884, Hand list Moll. Indian Mus., 2: 37. Type locality: 
Not mentioned. 

Alocinnla orcula var. producta: Ray and Mukherjee, 1963, Rec. zoo I. Surv. India, 61: 420, 
pI. 19, figs. 1, la. 

Types: No designation was made. 

Distribution: Assam, West Bengal, Bihar, Uttar Pradesh, Punjab, 
Rajasthan, Maharashtra, Andhra Pradesh. 

Remarks: Shell much narrower and more elongate than in the typical 
form. 

58. Gabbia stenotbyroides (Dohrn, 1857) 
(Figs. 143, 144) 

Bythinia stenothyroides Dohrn, 1857, Proc. zool. Soc. Lond., 1857, p. 123. Type locality: 
"Ceylon, Nilgheries." Hanley and Theobald, 1876, Conch. Indica, pI. 38, figs. 7 & 10. 

Distribution: India: Pune, Nilgiris, South Areot, Tiruchirapalli, 
Madras; Sri Lanka. 

Remarks: Shell ovate, whorls 4-5, convex, smooth, body whorl 
proportionately larger, spire comparatively short, broadly conical, mouth 
somewhat contracted. 

It bears some resemblance to Gabbia orcula. Annandale (1920b) 
was right when he assigned this to the subgenus Alocinma (=Gabbia). On 
examining the collection in ZSI, it has been found that it should be included 
in the genus Gabbia. 
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59. Gabbia physcus (Annandale, 1918) 
(Fig. 127-129) 

Hydrobioides physcus Annandale, 1918, Rec. Indian Mus., 14: 921, pI. xiii, figs. 8, 8a, 9. 
pI. xiv, figs. 5, 5a. Type locality: Inle Lake, S. Shan States. 

Types: ZSI Regd. No. M 11113/2. (Syntypes) 

Distribution: Burma 

Remarks: Shell thick, globose, subumbilicate with the spire short 
and pointed, whorls q, body whorl relatively very large and swollen, aper
ture with the outer lip slightly produced outwards, not much thickened, 
varix not well-defined, runs a short distance above the lip but not parallel 
to it. 

60. Gabbia alticola (Annandale, 1918). 
(Figs. 147, 148) 

Amnicola allieola Anandale, 1918, Rec. Indian Mus., 14: 122, pI. xiv, figs. 6, 6a. Type 
locality: Inle Lake, S. Shan States. 

Types: ZSI Regd. No. M 11110/2. (Syntypes) 

Distribution: Burma. 

Remarks: Shell ovately fusiform, sculptured with close-set longitu
dinal striae, whorls swollen, suture impressed, narrowly unbilicate, aperture 
large, strongly rimate and projecting, columella arched, operculum testa
ceous, with 4 distinct whorls. 

61. Gabbia travancorica (Benson, 1860) 
(Figs. 145, 146) 

Bithynia travaneorica Benson, 1860, Ann. Mag. nat. Hisl., (3) 6: 259. Type locality: 
Quilon. Hanley and Theobald, 1876. Conch. Indica, pI. 38, figs. 2, 3. 

Type: Cambridge University Museum. 

Distribution: South India: Andhra Pradesh (Visakhapatnam) and 
Kerala (Quilon). 

Remarks: Shell conically globose, whorls 4j-, sutures impressed, 
imperforate, aperture oval, columellar margin ridge-~ike. 
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Genus 19. Digoniostoma Annandale, 1920 

Digoniostoma Annandale, 1920, Indian J. Med. Res., 7: 104. Type species: Pa/udina cera
meopoma Benson. 

Shell elongately ovate, or pyramidal, whorls convex, body whorl rela
tively large and inflated, finely striated, narrowly perforate, aperture rounded, 
peristome continuous, somewhat expanded at the base, coiumellar callus 
thick, broad, prominent and with laminated appearance. 

Operculum calcareous, spirally coiled in the centre, periphery con
centrically ridged, nucleus almost central. 

Central tooth with small cusps in basal corners. 

Generally in fresh strangnant waters like pools, ponds and lakes or small 
sluggish streams. 

India, Southern China, Siam, Malay Archipelago, New Guinea and 
the Philippines. 

Key to species 

1. Lip at the base of columella prominently produced, spire 
shorter than the body whorl ... .... . . ... ... ... ............ ....... .. . .. ... ... . .. ...... ... ... 2 

Lip at the base of columella not much produced, spire longer 
than the body whorl ............................................................ D. pulchella 

2. Shell oval, sutures not much impressed ....................................... D. textum 

Shell elongated, sutures impressed .................................... D. cerameopoma 

62. Digoniostoma cerameopoma (Benson, 1830) 
(Fig. 121) 

Paludina cerameopoma Benson, 1830, Gleanings in Science, Calcutta, 2: 125. 1855. J. Asiat, 
Soc. Beng., 24: 131. Type locality: Ditch at Nanda, Madhya Pradesh. 

Type: Cambridge University Museum. 

Distribution: India: Assam, West Bengal, Bihar, Madhya Pradesh, 
Rajasthan, Punjab: Pakistan. 
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Remarks: Shell oblong-ovate, whorls five, regularly and rather rapidly 
increasing, sculptured with very fine, weak spiral striae and weak growth 
lines, suture well impressed, umbilicus moderately narrow and deep, peris
tome continuous and slightly reflected, aperture oval and oblique. Oper
culum calcareous, concave, nucleus sub central. 

63. Digoniostoma pulcbeUa (Benson, 1836). 
(Figs. 113, 114, 119, 120) 

Paludina pulchella Benson, 1836, J. Asiat, Soc. Beng., 5: 746. Type locality: Mirzapore, 
U.P. Hanley and Theobald, 1876. Conch. Indica, pI. 38, figs. 5, 6. 

Type: Cambridge University Museum. 

Distribution: Throughout India extending to plains of Assam in east, 
and Jammu in north-west. Also Andamans, Burma and Malay Archipelago. 

Remarks: Shell elongate, spire longer than the body whorl, sutures 
depressed, umbilicus almost closed, aperture oval. 

64. Digoniostoma textum Annandale, 1921 
(Figs. 115, 116) 

Digoniostoma textum Annandale, 1921, Rec. Indian Mus., 22: 541, figs. 1,2. Type locality: 
Manipur. 

Types: ZSI Regd. No. M 11860/2. 

Distribution: Manipur valley. 

Remarks: Whorls 4j-, spire shorter than the body whorl in dorsal 
view, suture oblique, not very much impressed, aperture narrowly oval, 
posteriorly the outerlip meets the columellar callus at an angle slightly 
greater than a right angle, columellar margin arched, prominent and thick, 
umbilicus almost closed. Operculum large, moderately thick, internally 
convex and granular. 

Genus 20. Hydrobioides Nevill, 1884 

Hydrobioides Nevill, 1884, Hand List Moll. Indian Mus., 11: 42. 

Type species: Bithynia turrita Blanford. 
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Shell thick and imperforate, aperture large, ovoid or subtriangular, 
columellar cal~us stout and runs continuous at both ends with the thickening 
of the outerlip, a strong longitudinal ridge or varix on the outer surface of 
the body whorl near the outer lip; operculum calcified, thick and surround
ed by a nlembraneous margin, nucleus central and with numerous well 
defined concentric striae. 

Penis bifid. A deep but narrow groove on the sole of the foot parallel 
to and close behind the anterior margin. 

Although Annandale (1918) gave it a generic rank, Thiele (1928) con
sidered it to be a subgenus of Bithynia. 

Burma and Thailand. 

Represented by four species. 

Key to the species (after Annandale, 1918) 

1. A ridge or varix running on the outer surface of the body whorl ....... ..... H. nassa 

No varix ....... ..... ...... ............... ..................... ..... ............................ 2 

2. Shell not more than 3 mm. long ... . ................ . ............... ......... .. . H. nana 

Shell more than 4 rom. long ...... ... ... ....... ........ ......... ... ........................ 3 

3. Shell twice as long as broad 

Shell comparatively smaller 

65. Hydrobioides avarix Annandale, 1918 
(Figs. 140, 141) 

H tllrrita 

H. avarix 

Hydrobioides avarix Annandale, 1918, Rec. Indian Mus., 14: 120. pI. xiv, figs. 1, 2, 2a-2c. 
Type locality: Near Fort Stedll1an. 

Type: ZSI Regd. No. M 11127/2 

Distribution: Burma, Laos and Thailand. So far it is not recorded 
from India. 

Remarks: Shell moderately thick, with longitudinal striae, peristome 
thickened, without a varix or ridge on the body whorl. 

Brandt (1974) synonymised the species with H. nassa (Theobald) 
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66. Hydrobioides nana Annandale, 1918 
(Figs. 138, 139) 

Hydrobioides nana Annandale, 1918, Rec. Indian Mus., 14: 121, pI. xiv, fig. 3. Type locality 
Fort Stedman, Inle Lake. 

Types: ZSI Regd. No. M 11289/2 

Distribution: Burma 

Remarks: Shell conoidal, thick, transparent, smooth and polished, 
whorls 4, swollen, spire blunt, aperture large and ovate. 

67. Hydrobioides nassa (Theobald, 1865) 
(Figs. 125, 126, 130-137) 

Bithinia nassa Theobald, 1865, J. Asia!, Soc. Beng. 34 (2): 275. Type locality: Shan 
States, Burma. 

Hydrobioides nassa: Annandale, 1918, Rec. Indian Mus., 14: 118, pI. xiii, figs. 1-7, pl. 
xiv. figs. 4, 4a. 

Distribution: Burma, Laos, and Thailand. 

Remarks: Shell variable, four forms recognised depending on the 
structure and position of the ridge, viz. f. typica, varix runs parallel to the 
lip and separated from it by a broad groove, no trace of an intermediate 
ridge; f. lacustris-shell more pointed and narrow, varix does not run parallel 
to the lip but rather across the arc it forms: widely separated from the edge 
of the mouth, intermediate space not a groove but distinctly convex; 

f. distoma-Shell small, varix prominent and close to the aperture. 

f. rivulicola-Shell thinner than any other form, varix very low, 
margin of aperture not very much thickened. 

Brandt (1974) synonymised H. avarix Annandale with this species. 
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68. Hydrobioides turrita (Blanford, 1869) 

Fairbankia? turrita Blanford, 1869, Proc. zool. Soc. LOlld., p. 446. Type locality: 
Kyoukpong, lrawaddy river. 

Hydrobioides turrita: Annandale, 1918, Rec. Indian Mus., 14: 117. 

Distribution: Burma 

Remarks: Shell solid, spIre elongate and conical, suture impressed, 
aperture ovate. 

Subfamily MYSORELLINAE 

Genus 21. Mysorella Godwin-Austen*, 1919 

Mysoria Godwin-Austen, 1919, Rec. Indian lv/us., 16: 211. Myso rella , 1919, Rec. Indian 
Mus., 16: 430 (Previous name preoccupied for Insecta, hence a replacement narne 
was suggested). 

Type species: Bithynia costigera Kuester var curta Nevill. 

Shell· ovately conical or depressedly conical, solid, with a large rounded 
body whorl, and nl0derately elevated spire, sculpture of distinct spiral ribs, 
three above and two below the periphery being prolllinent~ aperture sub
circular and oblique, perforate, without any groove, columellar side thick
ened, peristome simple. Operculum calcareous, not very thick, subcircular, 
concave, nucleus small with indication of spiral origin, internally convex 
and smooth. 

Central tooth of the radula smaller than others and without basal denti
culations. 

Southern part of Peninsular India and Sri Lanka. 

A single species 

• Thiele (1931) wrongly attributed the authorship to Annandale. 
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69. Mysorella costigera (Kuester, 1852) 

(Fig. 124) 

Paludina costigera Kuester, 1852, in Martini & Chemnitz, Syst. Conch. Cab., 1 (21): 33, pI. 
7, figs. 18, 19. Type locality: Bengal. 

Bithynia (? Fossarulus) costigera: Preston, 1915, Fauna Brit. India. Mollusca (Freshwater 
Gastropoda and Pelecypoda), p. 78. 

Distribution: India: Tamil Nadu (Madras), Pondicherry, Karnataka; 
Sri Lanka. It does not occur in Bengal, as erroneously reported by earlier 
authors. 

Remarks: Shell ornamented with five strongly raised spiral ridges 
and finer and weaker spiral ridges in between- them. Shell uniformly pale 
horny brown. 

Annandale (1920) distinguished two varieties, a typical form frequenting 
muddy bottonl, in plains of Madras and Sri Lanka and the var. curta Nevill, 
1884, a shorter shelled form found among stones in Bangalore, at an altitude 
about 3000 ft. 

Godwin-Austen (1919) figured the type, operculum and radula of 
specimens from India, while Starmuehlner (1974) gave figures of operculum 
and radula of" specimens from Sri Lanka. Seshaiya (1930) studied the 
anatomy. 

Family 8. STENOTHYRIDAE 

Shell minute, rarely more than 5 mm. high, ovate or subcylindrical, 
compressed in its dorso ventral axis, whorls moderately convex, body whorl 
more or less descending to the small, subcircular aperture, surface smooth 
but often ornamented with minutely punctated spiral lines, rarely with fine 
spines, narrowly umbilicate to imperforate. Operculum calcareous to horny, 
externally paucispiral, internally with two prominent transverse ridges. 

Radula similar to that of Bithyniidae, Teeth relatively broader, laterals 
and marginals less differentiated. 2: 1: 1: 1: 2. 

Rostrum cylindrical, extremely -mobile and extensile. Tentacles filiform, 
eyes on slightly raised bases. Foot long and narrow, spindle shaped, ante
riorly truncate and posteriorly pointed. 



HANDBOOK: Freshwater molluscs of India 85 

Penis nearly cylindrical and without a lateral process. 

India, Iran to Indonesia and from Australia to the Philippines and 
Japan, Western Pacific Islands. 

Annandale and Prashad (1921) treated it as a subfamily of Hydrobiidae. 
It is mainly estuarine and so far none of the species excepting S. deltae are 
reported from freshwater in India. Pace (1973) briefly mentioned the 
views expressed by different authors on the systematic position of this group. 
Following many recent authors it is given a full family rank here. 

Two genera, namely Stenothyra Benson, 1856 and Gangetia Ancey, 
1890 are included in this family. 

Key to genera 

1. Mouth very small, not at all prominent, separated from the 
outer edge of shell above by a well-defined triangular area .................. Stenothyra 

Mouth larger and slightly prominent, less regular in outline, 
separated from the outer edge of shell above by a small and 
ill-defined area ...... ... ... ... ...... ...... ... ......... .... ......... ..... ... ...... ...... ... Gangetia 

Genus 22. Stenothyra Benson, 1856 

Stenothyra Benson, 1856, Ann. Mag. nat. Hist., 18: 496. 

Type species: Nematura de/toe Benson, 1836. 

Shell small but relatively thick, ovate or sybcylindrical, whorls at least 
4 (4-6), with sculpture of minutely punctated spiral lines, occasionally with 
small spines, aperture oval or subcircular, peristome continuous, uniform 
and hardly thickened. Operculum horny, brittle, internally with two trans
verse ridges or smooth, polished and convex. 

Foot usually produced into a filament posteriorly. 

India, Burma, Malay Archipelago, Southern China, Formosa, Philip
pines, Japan and Australia. Majority of the species are from brackishwater. 

Annandale and Prashad (1921) revised the genus and recognised twelve 
specIes. 

Key to species (After Annandale and Prashad, 1927) 
1. Shell bearing a spiral row of large spines on some of the whorls 

in addition to the microscopic sculpture ....... ............. ............................... 2 

Shell without any definite spines, with or without a definite 
spiral sculpture ... .................................... ............ ................................. 3 
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2. Spines restricted to basal whorls of the spire only, the whorls 
evenly inflated and not keeled ....................................... .... ........ S. echinata 

Spines present on almost all the whorls including the body 
whorl, the whorls especially those of the spire ridged or keeled 
in the middle ........................ ................................................... S. ornata 

3. Shell elongate ovate, nearly cylindrical.... .... .... .... ...... ... .... .... ............. ........ 4 

Shell ovate or ovoid, never elongate cylindrical .................. ........................ 5 

4. Shell rather small and narrow (2~ x Ii nun), subperforate, 
rimate; whorls of the spire increase regularly and with micros-
copic sculpture ............ ................................................... S. hunger!ordial,a 

Shell much larger (4t x 3 mm), imperforate; whorls of the 
spire increase irregularly, with relatively large pits on the 
surface of the shell ........ ....... ...... .. ....... ..... .... ..... . ... ......... ... S. nl0nilifera 

5. Aperture large, more than 1/3 the size of the body whorl ................................. 6 

Aperture small, less than 1/3 the size of the body whorl . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

6. Body whorl not at all flattened on the ventral surface, and with 
a very small boss separating the mouth from the body whorl .................. S. so/uta 

Body whorl distinctly Battened on the ventral surface, at least 
in its anterior half and with a well developed boss separating 
the mouth from the body whorl ... ..... .. ........ ...... ........... ....... ... ...... ... . .. .. . ... 7 

7. Shell subventricose, ovate; with a short spire, spiral whorls 
increasing irregularly; body whorl greatly swollen, aperture 
biangulate suboval ......... ~.................................................. S. blan/ordiana 

Shell elongate ovate, spire more produced, spiral whorls in
creasing regularly, body whorl less tumid, aperture nearly 
circular or having only a faint notch above ....................................... S. mininla 

8. Shell without any spiral pitted sculpture .. ............. ............... S. woodmasoniana 

Shell with a definite spiral pitted sculpture ................................................ 9 

9. Shell minute, 2 mm long, with a very short spire and bluntly 
rounded apex .................................................... .......................... S. nana 

Shell relatively large, with a prominent conical spire and an 
acuminate apex .... .. . ....•... ............... ........ ........... ........... ............ ......... 10 
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10. Shell globose conical, body whorl large and swollen, with a 
well developed boss .................................................................. S. de/toe 

Shell ovate, acute, body whorl smaller and not greatly swollen, 
with a much smaller boss ..... .... ............... ... .......... ... ..... ... ... ... S. foveo/ata 

70. Stenothyra blanfordiana Nevill, 1880 

(Figs. 149, 150, 159, 160) 

Stenothyra blanlordiana Nevill, 1880, J. Asiat. Soc. Beng.,49 (2): 160. 1881, J. Asiat. 
Soc. Beng., SO (2): 156, pI. 7, fig. 10. Type locality: Chilka Lake, Orissa. 

Stenothyra chilkaensis Preston, 1914, Rec. Indian Mus .• 10: 300, fig. 1. Type locality: 
Barkul, Chilka Lake. 

Stenothyra obesula Preston, 1915, Rec. Indian Mus., 11: 292, fig. 4. Type locality: 
Southernmost island of Manikpatna, Chilka Lake. 

Stenothyra blanfordiana: prashad. 1921, Rec. Indian Mus., 22: 129 

Types: ZSI Regd. No. M 11888/2 (Syntypes). 

Distribution: Port Canning, Chilka Lake and Madras. 

Remarks: Shell subventricose, whorls 4l, spire not very much elon
gated, whorls increase irregularly, body whorl tumid and subangulate. 
Operculum oval, semitransparent, spiral of a few whorls, nucleus central, 
on the inner side three ridges, one semicircular and two short ones with a 
single S-curvature. 

71. Stenothyra deltae (Benson, 1836) 

(Fig. 166a) 

Nenlatura de/tae Benson, 1836, J. Asiat. Soc. Bellg., 5: 782. Type locality: Gangetic 
Delta. 

Stenothyra de/toe: Annandale and Prashad, 1921, Rec. India" Mus., 22: 131, text 
fig. 2. 

Types: BM (NH). 

Distribution: India: West Bengal-Port Canning, Calcutta (Chandpal 
Ghat). 
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Remarks: Body whorl flattened ventrally, sculptured with spiral 
punctured lines, aperture very small, subcircular with merely the trace of a 
notch above, periostracum thick and often with spiral rows of spines. 

72. Stenothyra echinata Annandale & Prashad, 1919 

(Figs. 157, 158) 

Stenothyra echinata Annandale and Prashad, 1919, Rec. Indian Mus. 16: 247, p1. xx, 
fig. S. Type locality: Edge of river Pussur at Khulna, Bangladesh. 

Type: ZSI Regd. No. M 11439/2 (Holotype) 

Distribution : Not known beyond type locality. 

Remarks: It is closely allied to S. deltae but distinguished from it 
by its smaller size, narrower and less inflated body whorl characterised by 
the row of spines on the basal part of the spire, but larger and relatively 
broader aperture. 

73. Stenothyra foveolata Benson, 1856 

Stenothyra foveolala Benson, 1856, Ann. Mag. nat. Hist., (2) 17: 497. Type locality: "in 
Gange fiuvio, prope Sikrigali". Hanley and Thoebald, 1876, Conch. Indica, pI. 37, 
fig. 3. Annandale and Prashad, 1921, Rec. Indian Mus., 22: 132. 

Type: ? 

Distribution: Ganges near Sikrigali, near Bhagalpur; West Bengal. 

Remarks: Shell ovately conical, apex acute, sutures shallow, whorls 5, 
convex, sculptured with spiral pits or punctate markings, aperture oblique
ovate. 

74. Stenothyra hungerfordiana Nevill, 1880 

(Figs. 165, 166) 

Stenothyra hungerfordiana Nevill, 1880, J. Asiat. Soc. Beng.,49(2): 159. Type locality; 
Andamans. Nevill, 1881, J. Asiat. Soc. Beng., 50: 156, pI. VII, fig. 9. Annandale 
and Prashad, 1921, Rec. Indian Mus., 22: 127. 

Type: ZSI Regd. No. M 16906/2 (Holotype) 

Distribution: Andamans. 



160 161 162 

'164 66 

Fi,gs. 157 158. Stenoth ra echin,ata , Holotype 3.. 5 X 2. ,0 mm. L 
Holotyp 3.30 X 2.15 mm., Ch"l a L k fig dr wn ,at din r nt 01- , 
woodmas,onlan,a 2.75 X 1.45 mm., Port Cannmg. 16 ,164,. . mitl'-ma, .10 X 1.1 

Lake. 165,166. S. hungerfordiana, Holotyp 1., 0 X ' • 0 mm. ,ndaman . 

159 



166a 

Fig. 1600. Steno.thyra deltae. 6.0 X 4.10 mm., Port Canning. 



67 168 169 

170 17 72 

173 

igs. I 7, 16 . Sten thyr,a at, mu , 1.0 X I • 

1.9 mm., Chandpa, Cal uta. 17, 72. ll'Ur 

Calcutta. 7 , 174. luta. 



175 176 

177 
178 

75, 176. Garz etia miliace,a yntype,2.5 X 65 .; 2. 5 X lAO .. , P rt al"lnin 
177., 7 . GangetlG mi"liacea, 2. 0 X 1. mm. Gangetic I elta. 



179 

181. 

. Ganget;a ""Uacea v,ar. uhangu/ata 
2. IG. miliacea var. gibbo uta H loty e . rt LannllRg 



HANDBOOK: Freshwater molluscs of India 89 

Remarks: Apex obtuse, whorls sculptured with minute, distinct, close 
punctations, whorls unusually convex, body whorl remarkably long, com
pressed, slightly flattened and ovate, suture distinct, and on the body whorl 
distinctly marginate below. 

75. Stenothyra minima (Sowerby, 1837) 

(Figs. 151-154, 163, 164) 

Nematura minima Sowerby, 1837, Ann. Mag. nat. Rist. (Charlesworth's series) 1: 211, 
fig. 22b. Type locality: Western India. 

Stenothyra orissaensis Preston, 1914, Rec. Indian Mus., 10: 300, fig. 2. Type locality: 
Lake Chilka, Orissa. 

$tenothyra mininla: Annandale and Prashad, 1921, Rec. Indian Mus., 22: 129. 

Types: BM (NH) 

Distribution: Kathiawar, Bombay, Chilka Lake and Sri Lanka. 

Remarks: Shell small, narrowly perforate, ovately turbinate, whorls 5, 
regularly increasing, smooth, body whorl convex and rapidly descending 
in front. 

It resembles S. blanfordiana very closely but can be distinguished from 
it by the regularly increasing spiral whorls. 

76. Stenotbyra nana Prashad, 1921 

(Figs. 169, 170) 

Stenothyra nona Prashad, in Annandale and Prashad, 1921, Rec. India" MilS., 22: 130, pI. 
XVI, figs. 5, 6. Type locality: Chandpal, Calcutta. 

Types: ZSI Regd. No. 2196. 

Distribution: Calcutta, Ranong harbour in Thailand (Brandt, 1974). 
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Remarks: Whorls 4, increase very rapidly, suture faintly impressed, 
regular and somewhat oblique, body whorl large, subrhomboidal in dorsal 
view, but nearly flat in the anterior 2/3 of its length ventrally, imperforate 
but with prominent boss or lamellae. 

77. Stenothyra ornata Annandale and Prashad, 1921. 

(Figs. 171, 172) 

Stenothyra ornata Annandale and Prashad, 1921, Rec. Indian Mus., 22: 126, pI. XVI, figs. 
1, 2. Type locality: Brackish water pool at Dhapa near Calcutta. 

Type: ZSI Regd. No. M 11565/2 

Distribution: Calcutta. 

Remarks: Shell imperforate, apex acutely pointed, whorls 5j-, spiral 
whorls distinctly keeled in the middle, keel continues on to the body whorl, 
spiral rows of blunt, flattened and blackish spines on last four whorls. 

78. Stenothyra soluta Annandale and Prashad, 1919. 

(Figs. 173, 174) 

Stenothyra so/uta Annandale and Prashad, 1919, Rec. Indian Mus., 16: 247, pl. XX, fig. 6. 
Type locality: A creek in the Gangetic Delta at Basanti. 

Type: ZSI Regd. No. M 11442/2 

Distribution: Gangetic Delta. 

Remarks: Shell globose, thick, spire flattened, concave at the apex, 
whorls very distinct and swollen, body whorl proportionately short and 
stout, not flattened on the ventral surface, aperture large, oval, rounded 
posteriorly, very prominent and with the peristome thick and somewhat 
plicated concentrically. 

79. Stenothyra woodmasoniana Nevill, 1880. 

(Figs. 161, 162) 

Stenothyra woodmasoniana Nevill, 1880, J. Asiat. Soc. Beng., 49 (2): 159. Type locality: 
Port Canning. 1881, J. Asiat. Soc. Beng., SO (2): 156, pI. VII, fig. 8. 
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Type: ZSI Regd. No. 2197 (Syntypes) 

Distribution: Gangetic Delta. 

Remarks: Shell ovately conical, spire very acute and concavely ex
cavated, whorls 5-6, body whorl subangulate, flattened round the umbilical 
region, shell almost smooth or may appear malleated under large magni
fication. 

Genus 23. Gangetia Ancey, 1890. 

Gangetia Ancey, 1890, Bull. Soc. Malacol. Fr., 7: 162. 

Type species: Hydrobia (Belgrandia) miliacea Nevill. 

Astenothyra Annandale and Prashad, 1921, Rec. Indian Mus., 22: 133 (as subgenus). 

Type species: Hydrobia (Belgrandia) Iniliacea Nevill. 

Body whorl convex, aperture larger than in Stenothyra, ovate and 
slightly proDlinent. No definite triangular area between the aperture and 
outer edge of body whorl. 

Foot not produced posteriorly. 

India, Burma, and Gulf of Oman. 

Only one species known from India. 

80. Gangetia miliacea (Nevill, 1880). 

(Figs. 155, 156, 175-182) 

Hydrobia (Belgrandia) miliacea Nevill, 1880, J. Asia!. Soc. Beng., 49 (2): 161. Type 
locality: Port Canning, West Bengal. 

Stenothyra (Astellothyra) miliacea: Annandale and Prashad, 1921, Rec. I"dian MilS., 22: 
134, text fig. 3. 

Type: ZSI Regd. No. M 11865/2. (Figs. 175, 176) 

Distribution: Gangetic Delta and Gulf of Oman. 

Renlarks: Annandale and Prashad (1921) recognised three varieties 
namely, f. typica, var. subangulata Prashad (Figs. 179, 180) and var. 
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gibbosula Prashad (Figs. 181, 182). In the typical form aperture is evenly 
rounded and body whorl is smooth. The body whorl is distinctly keeled 
in var. gibbosula where as it is smooth in subangulata. The latter can how
ever be differentiated from the typical form by its subangulate aperture. 

Common among weeds in brackish water pools at Port Canning. 

Family 9. THIARIDAE 

"Melanids" 

Shell high, elongate turreted to ovate-conical, whorls rounded with 
moderate or impressed sutures, sculpture smooth to spiral or longitudinal 
ridges, ribs, knobs or tubercles, imperforate, aperture generally narrowly 
ovate and somewhat canaliculate. Operculum smaller than aperture, 
dark brown, corneous and multispiral with a central or subcentral nucleus 
or paucispiral with an excentric nucleus. 

Animal with a short, broad snout slightly bifurcate and laterally 
"keeled", eyes on short stalks near the external base of tentacles. Mantle 
margin smooth or papillate. Foot small and squarish. 

Radula with the formula 2: 1: 1: 1: 2, cutting edges of teeth with a few 
or numerous cusps. 

Either oviparous or ovoviviparous with a brood pouch for the eggs 
to hatch, birth pore situated on the right side of the neck, males rare in many 
species; in one species T (M.) torulosa males common and free veligers 
produced. 

Tropics to temperate regions. Asia, Africa, Central and South 
America, islands of the Pacific and the Caribbean Sea. 

Prefers streams or rivers, stagnant ponds or lakes, some tolerate brackish 
waters. 

Important contributions on this group include Annandale (1920c
generic revision), Brot (1874-systematics), Jacob (1953, 1958, 1959a,b
cytology), Meenakshi (1955d-physiology), Muley (1975-1978, physiology 
and biology), Muley and Nagabhushanam (1975, 1977--ecology and repro
ductive physiology), Nagabhushanam and Kulkarni (1972-physiology). 
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Nagabhushanam and Muley (1974, 1975, 1977-neurosecretion), Natarajan 
(1968a-cytology), Ramamoorthi (1949, 1950, 1955-embryology), Seshaiya 
(1929a, 1934b, 1935, 1936a,b-anatomy). 

Taxonomy of the group was discussed by Morrison (1954) and Davis 
(1969). But it is still in a confused state. Some authors have adopted an 
excessive degree of splitting resulting in many genera and species. The 
system of arrangement proposed by Abbott (1948) and adopted by Pace 
(1973) is followed here at the generic level. Morrison (1954) elevated the 
status of subfamily Pleurocerinae to the family level and included the genus 
Paludomus in it. According to Morrison (1954) there are three distinct 
families namely Thiaridae, Pleuroceridae and Melanopsidae, But many 
earlier authors gave them subfamily ranks in the family Thiaridae. Regard
ing the inclusion of Paludomus in a separate family Davis (1969) expressed 
a different opinion and was inclined to include it in the family Thiaridae. 

Following Thiele (1929) the Indian species are grouped under four 
subfamilies namely Thiarinae, Melanopsinae, Melanatrinae and Paludo-
mlnae. 

Key to Subfamilies 

1. Shell generally rounded or ovately conical, aperture ovate and 
proportionately larger ... ......... ... ............... .............•. ... ......... Pal udom inae 

Shell elongate or turreted, aperture more or less vertical and 
proportionately smaller ........................................................................ 2 

2. Shell very much elongate, usually with more than 12 whorls, 
mantle margin smooth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 

Shell moderately elongate, usually not more than 12 whorls, 
mantle margin with about 14 or more papillae .............................. Thiarinae 

3. Shell with a sinus in upper and lower corner of aperture, 
operculum with a few whorls and a basal nucleus ..................... Melanopsinae 

Shell without a sinus, operculum multispiral with a central or 
subcentral nucleus ... ............ ............ ..... .... ..... ...... .......... ... Melanatrinae 

Subfamily THIARINAE 

Shell imperforate, with thick periostracum, ovately conical to an elonga
tely turreted shape, smooth or spirally sculptured, tuberculated or spiny. 
Aperture more or less elongately ovate, acutely angulated above, usually 
indented below, operculum oblong with a terminal nucleus. 
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Mantle margin with about 14 papillae, the farthest four to the left being 
largest (Abbott, 1948). Formerly it was believed that no males were present 
in the species (Morrison, 1954). However, many recent authors have 
reported males in species like Thiara scabra, Thiara tuberculata and others. 
It is confirmed by Pace (1973). In certain species males are very rare, but 
in a few, like Thiara plicaria (Born) and T torulosa (Bruguiere) they are 
common. 

Most species are parthenogenetic and OVovIvIparous. Free veligers 
are produced in at least two species, namely T torulosa (Bruguiere) (Seshaiya, 
1936, 1940b; Ramamoorthi, 1950, 1955; Jacob,. 1959a) and T plicaria 
(Born) (Pace, 1973). 

Freshwater rIvers, streams, lakes and ponds often extending into 
brackish waters. 

Asia, Africa, Central and South America, Islands of the· Cari bbean 
and Pacific Sea. 

There is difference of opinion regarding the status of taxa included 
in this subfamily. Morrison (1954) included seven genera in the sub family. 
Pace (1973), following Abbott (1948), preferred to have less splitting and 
relegated all the genera except Brotia (which was not treated in his work) 
to subgeneric rank. The same arrangement is adopted here. All the Indian 
species are grouped in one genus Thiaral which is distinguished into six 
subgenera. 

Genus 24. Thiara Roeding, 1786. 

Thiara Roeding, 1798, Museum Boltenianum, 2: 109. 

Type species: Helix amarula Linnaeus, the other species mentioned by Roeding being 
nomen nuda (Abbott, 1949). 

Shell generally measures 3 to 5 ems. in length, whorls varying in number 
from 8 to 15, sutures deep to moderately deep or shallow, sculpture also 
variable, spiral striae to beaded, and a few species with spines, aperture 
more or less vertical, without any sinus or siphonal canal, operculum pear 
shaped; with an excentric nucleus at the narrow, basal end. 

Mantle edge bears 10 to 14 papillae, ovoviviparous with neck brood 
pouch. 
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Tropical and subtropical Africa and Asia, extending as far north as 
Formosa and the Ryukyu Island and south up to Northern Australia. 
Abundant in India, Malay Archipelago, Philippines and on various Pacific 
Islands. 

The Indian species are grouped under six subgenera, namely Thiara 
s.str. Melanoides, Sten om elan ia, Tarebia, Sermyla and Mainwaringia. 

)rey to subgenera 

1. Height of body whorl considerably more often exceeding the 
height of the spire, sculptured with conspicuous nodules, 
granules or axial ridges . .... .... ... ..... . .... .. .................. ... ......... ......... . ........ 2 

Spire proportionately larger than the body whorl, sculptured 
with axial and spiral ridges but never with spines ......... ......... ...... ... ... ........ .... 4 

2. Shell generally spinous or sharply nodulose, whorls angular 
between suture and the periphery, spiral whorls descending in 
steps; pagoda-like .................•.......................................... Tbiara s. str. 

Shell granulose or tessellated with nodules or with contrasting 
sculpture on the body whorl, whorls round between suture and 
the periphery, spiral whorls gradually increasing ... ..... .......... ... ................... 3 

3. Body whorl with axial ridges on the upper portion strongly 
contrasting with the spiral ridges on its lower part ... .................. ... ... Sermyla 

Shell coarsely sculptured with elevated axial and spiral ridges 
giving a strong nodulose or granular appearance or with fine 
dark brown lines coinciding with spiral ridges ... . .. .. . . .. .. . ... ......... ... ... Tarebia 

4. Shell conical, with minute scattered hairs or chaetae ... ... ... ........ .... Mainwaringia 

Shell. elongated, without hairs ....•..••..•....••.••.••••.•....•..•.....•.•..••...•••.....• ... 5 

S. Shell very slender, very much elongated, more than 12 whorls 
in a f~ll grown adult, spire attenuate and sharply pointed, 
sculptured with spiral striae only.......................................... Stenomelania 

Shell neither very slender nor much elongated, generally not 
more than 12 whorls, sculptured with spiral striae crossed 
by axial striae giving a tu berc1ed appearance ...... ... ...... ........ ....... Melanoides 
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Subgenus Thiara s.str. 

Key to the species of Thiara s.str. 

1. Whorls increasing regularly, sculptured with axial ribs and 
. strong spiral ridges ..................................................................... T. rudis 

Whorls descending step like, with a crown of spines below the 
sutures ............................................................................................. 2 

2. Shell almost smooth, spire very much shorter than the body 
whorl ......... 0000. 0" 0 0.00.00 •• 00 •• o. 0 00 •• 0 •• 0 ••••••••• 0 ••• 0., 0 0 ••• ••••• •••• ••• • ••••• T. amarula 

Shell with spir~l ridges, spire generally almost as high as 
body whorl ................................. .... .............. ...... ...... ... ... ... .. . T. scabra 

81. Thiara (Thiara) scabra (Mueller, 1774) 

(Figs. 185, 186, 189) 

Buccinum scabrum Mueller, 1774. Hisl. Yermo Terr. Fluv., 2: 136. Type locality: 
Tranquebar. 

Melania acanthica Lea, 1850, Proc. zool. Soc. Londo, p. 194. 

Thiara (Thiara) scabra: Pace, 1973. Malac. Review SuppI. 1: 52, pI. 12, figs. 1, 2 pI. 13, 
fig. 3. 

Distribution: India: Throughout, except Kashmir. Elsewhere: 
Coasts of Indo Pacific, from Zanzibar to New Hebrides, north to the 
Philippines, various Pacific islands. 

Remarks: Whorls regularly increasing in size, sutures distinct, whorls 
often shouldered above and rounded below the row of spines, shell sculptured 
with characteristic vertical ribs bearing prominent spines directed obliquely 
outward, surface with rough spiral striations, on the body whorl near the 
umbilical region striations form strong ridges. 

It prefers slow or fast moving streams but may also occur in ponds. 

The species is very variable. A complete synonymy is given by Benthem 
Jutting (1956). In India it was known by names like var. elegans (Benson) 
and T acanthica (I & H Lea) (Preston, 1915, Ray, 1947). Nevill (1884) 
described many varieties and subvarieties. 
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Males are very rare in this species (Muley, 1977; Pace, 1973). Jacob 
(1959a) however found no males. It is doubtful whether the males produce 
any viable sperms. Muley (1975-78), Muley and Nagabhushanam (1975, 
1977) investigated the breeding biology, physiology etc. of this species. 

82. Thiara (Tbiara) amarula (Linnaeus, 1758) 

(Figs. 203, 204) 

Helix alnaruia Linnaeus, 1758, Syst. Nat. ed. 10: 774. Type locality: "Asiae tluvitis". 

Thiara amarula: Starmuehlner, 1976, Anll. Naturhist. Mus. Wien., 80: 558, figs. 63-66, pI. 
15, fig. 166. 

Distribution: India: Great Nicobar; Mauritius; Indonesia: Sumatra, 
Java, Amboina; Fiji, New Caledonia and the Philippines. 

Remarks: Shell large and black, spire generally decollated, body 
whorl proportionately longer than the spire, body whorl with crown of spines 
near the periphery and suture, between the suture and crown of spines 
flattened body whorl almost smooth except a few spiral striations near its 
umbilical region. 

Mantle edge bears 15-25 papillae. Only females known (Starmuehlner, 
1969). 

83. Thiara (Thiara) rudis (Lea, 1850) 

(Fig. 199) 

Melania rudis Lea, 1850, Proc. zool. Soc. Lond., p. 186, Type locality: Amboina. 

Thiara rudis: Benthem Jutting, 1956, Treubia, 23(2): 389, fig. 83. 

Type: AMNH. 

Distribution: India; Sri Lanka; Burma; Kampuchea; Indonesia; 
Sumatra, Java, Amboina, Bat jan, Halnahera; Philippines. 
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Remarks: Shell thick, subcylindrical, with a high spire, sculptured 
with axial ribs and spiral ridges, formed into nodules, sometimes strongly 
developed subsutural nodules just below the suture, spiral ridges often in 
the beaded form. 

Subgenus Stenomelania P . Fischer, 1885 

Shell subulate, elongate, spire attenuate and pointed, entirely smooth 
or with spiral threads or rows of beads, but not with spines, columella thin 
and without callus. 

Mantle Inargin with papillae as in Thiara s.str., no brood pouch (Abbott, 
1948), but present according to Morrison (1954). 

South east Asia, Malay Archipelago, Pacific Islands and the Philippines. 

Key to the species of Thiara (Stenomelania) 

1. Shell sculptured with strong spiral ridges broken into rectan-
gular nodules, strongest just below the suture ............. ........... ... T. torulosa 

Shell with not very strong spiral striae, or at most some vertical 
ridges or folds on the apical whorls ...................................................... 2 

2. Shell very slender, spire attenuate, sharp ................................................ 3 

Shel1 broader, spire not attenuate and not so sharp T.punctata 

3. First few whorls of the spire strongly folded, lower ones smooth 
or with spiral striae .. , ................................................ ... ...... ... T: plicaria 

Shell throughout with fine spiral lines, in the body whorl and 
a few spiral whorls the central region is often smooth, the 
striae occuring only in the subsutural region and below the 
periphery ... ... ...... ......................................................... ...... T. aspirans 

84. Thiara (Stenomelania) punctata (Lamarck, 1822) 

(Figs. 210, 211) 

Melania punctafa Lamarck, 1822, Hist. Nat. Anim, sans Vert., 6 (2): 165. Type locality: ? 

Tiara (Radina) clavus Preston, 1915 Fauna Brit. India, Mollusca (Freshwater Gastropoda 
and Pelecypoda); p. 12. 



HANDBOOK: Freshwater molluscs of India 99 

Melanoides (Stenomelania) punctata: Starmuehlner, 1976, Ann. Naturhist. Mils. Wien., 80: 
586, figs. 98-108, pI. 17, figs. 197-201. 

Types: MHN. 

Distribution: India: Andaman and Nicobar Islands. Malay 
Archipelago; Indonesia: Java, Moluccas; New Guinea, Bismarck Archi
pelago, Solomon Islands, New Hebrides and the Philippines. 

Remarks: Shell turret-elongated, body whorl broad, spire not very 
much attenuate, whorls fiat, shell smooth, whorls 14-16, regularly increasing 
in size, sutures not deep, aperture pointed above and rounded below, oper
culum horny~ pear shaped to oval, with excentric nucleus situated at the lower 
left corner. 

85. Thiara (Stenomelania) plicaria (Born, 1780) 

Helix plicaria Born, 1780, Test. Mus. Caes, Vindob, p. 389, pi. 16, fig. 14. Type locality:'? 

Thiara (Stellomelania) plicaria: Pace, 1973, Mal. Review Supplement, 1: 65, pI. 12, fig. 9, 
pI. 13, fig. 6. 

Melanoides (Stenomelania) plicaria: Starmuehlner, 1976, Ann. Naturhist. Mus. Wie", 80: 
580, figs. 87-97, pI. 16, figs. 182-194. 

Distribution: India: Andaman and Nicobar Islands. Madagascar. 
Malay Archipelago, Philippines to Fiji Islands and on the north extending 
upto Ryukyu Islands 

Remarks: Shell long and slender, whorls numerous and fiat, tapering 
to a fine and acute apex, spiral whorls a little convex, spiral sculpture 
strongest on the base and near the sutures, the initial whorls with strong 
vertical plicae. Aperture vertical, outerlip slightly sinuous and protruding 
in the middle 

86. Thiara (Stenomelania) aspirans (Hinds, 1874) 

(Fig. 206) 

Melania aspirans Hinds, 1847, Ann. Mag. Nat. Hist. 1847: 8. Type locality: Fiji. 
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Melania charon Preston, 1908, Rec. Indian Mus., 2: 196, pI. 15, fig. 22. Type locality: 
Andaman Islands. 

Melanoides (Stenomelania) aspirans: Starmuehlner, 1976, Ann. Naturhist. Mus. Wien., 80: 
577, pI. 16~ fig. 180a, b; pI. 17, figs. 195, 196. 

Distribution: India: Andaman and Nicobar Islands; Bismarck 
Archipelago, Solomon Island, New Hebrides, New Caledonia, Fiji and 
Samoa 

Remarks: Shell high, turreted, extremely attenuate, with more than 12 
whorls, sculptured with spiral ridges on the upper and basal part of the 
whorls leaving the central part smooth, suture margined by a somewhat 
stronger ridge. Whorls mostly eroded, regularly increasing in size, aperture 
nearly vertical, pointed above, rounded or almost straight below 

87. Thiara (Stenomelania). torulosa (Bruguiere, 1789) 

(Fig. 202) 

Bulimus torulosus Bruguiere, 1789, Encycl. Meth. Vers., 1: 332. Type locality:? 

Tiara (Radina) crenulata Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gasto
poda and Pelecypoda), p. 11~. 

Thiara (Stenomelania) torulosa: Pace, 1973, Mal. Review, Supplement 1: 66. 

Distribution: India: Andamans, Visakhapatnam, Porto Novo; 
Madagascar, South-east Asia, Malaysia, Philippines, Taiwan and Solomon 
Islands 

Remarks: Shell elongate turreted, whorls 12-14, thick with strong 
spiral sculpture broken up by transverse lines into rectangular nodules, 
aperture pyriform, pointed above and rounded below, columellar side 
somewhat twisted and curved to the right, outer lip crenulated 

Seshaiya (1935, 1936a,b 1940) studied the ecology, anatomy and biology 
of the species. Ramamoorthi (1950, 1955) investigated the histology of the 
brood pouch, embryology and larval development. Meenakshi (1954) 
and Jacob (1959a) studied the physiology of digestion and reproduction 
(including chronl0somes) respectively. 

Van Benthem Jutting (1956) gave a detailed synonymy of this species. 
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Subgenus Tarebia H. & A. Adams, 1854. 

Tarebia H. & A. Adams, 1854, Genera Recent Moll., 1: 304. 

Type species: Tarebia semigranosa von dem Busch, 1842, SD Morrison, 1952. 

Shell ovately-fusiform, whorls granul10se or tessellated with nodules, 
outer lip sinuated below, interior of aperture often with spiral grooves. 

Represented by two species, namely T granifera, with distinct spiral 
rows of granules and another T lineata without any granules, but with 
distinct dark spiral bands. 

88. Thiara (Tarebia) granifera (Lamarck, 1822). 

(Figs. 212, 213) 

Melania grani/era Lamarck, 1822, Hist. nat. Anim. sails Vert., 6(2): 167. Type locality: ? 

Thiara (Tarebia) grani/era,· Pace, 1973. Mal. Review Supplement 1: 62, pI. 12, fig. 3, pI. 13, 
fig. 4. 

Tarebia grani/era: Starmuehlner, 1976, Ann. Naturhist. Mus. Wien, 80: 569, figs. 72-75, pl. 
16, figs. 175-179. 

Distribution: India: West Bengal, Madhya Pradesh, Bihar; Mada
gascar, Malaysia, Philippines, Formosa and Pacific Islands. Introduced 
into United States 0 f Americ a (Abbott, 1952). 

Remarks: Shell elongately conical, sculptured with distinct spiral 
row s 0 f nodules, spire sharp with flat whorls, height 0 f bod y whorl more 
than half the total height of the shell. 

Abbott (1952) made an exhaustive study on the anatomy, habitat and 
bionomics of this species. 

89. Thiara (Tarebia) Iineata (Gray, 1828). 

(Fig. 191) 

Helix lineata Gray, 1828, in Wood's Index Test. Suppl., p. 24, fig. 68. Type locality: 
Ganges. 

Tiara (Tarebia) Iineata: Preston, 1915, Fauna Brit. buJia, Mollusca (Freshwater Gastro
poda and Pelecypoda), p. 34. 
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Type: BM (NH). 

Distribution: India: West Bengal, Bihar, Madhya Pradesh, Uttar 
Pradesh, Maharashtra, Assam; Bhutan; Burma; Sri Lanka. 

Remarks: The species was often synonymised with T granifera 
(Lamarck) or treated as its variety (Van Benthem Jutting, 1956). But it is 
readily distinguished from the former by the absence of rows of nodules 
and presence of distinct dark spiral lines. 

Subgenus Sermyla H. and A. Adams, 1854 

Sermyla H. and A. Adams, 1854, Genera Recent Moll., 1: 296. 

Type species: Melania tornatella Lea, 1850. 

Shell with a relatively shorter spire than body whorl, arcuate, axial 
ridges on the upper portion strongly contrasting with the spiral ridges on 
the basal part of body. Aperture almost vertical, pointed above and 
rounded below. 

90. Thiara (Sermyla) riqueti (Grateloup, 1840) 

(Fig. 190) 

Melania riqueti Grateloup, 1840, Act. Soc. Linn. Bordeaux, 11: 433, pI. 3, fig. 28. Type 
locality: Bombay. 

Thiara (Melanoides) riquet;: Pace, 1973, Mal. Review, Supplement 1: 64, pI. 12, fig. 4, pl. 
13, fig. 5. 

Distribution: India: Bombay, Quilon, Cochin and Trivandrum. 
South east Asia, Malaysia, China, the Philippines, Taiwan, Japan: Ryukyu 
Islands and Australia. 

Remarks: Shell small, moderately elongate, sculpture of undulating 
axial ridges and spiral ridges, axial ridges dominant above the periphery 
and the spiral ridges below it on the body whorl.· Whorls about 8, regu
larly increasing, suture distinct. 

Van Benthem Jutting (1956) gave a complete synonymy. 
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Subgenus Melanoides Olivier, 1807 

Melanoides Olivier, 1807, Voyage a 1 'Enlp. Ottonloll. 2: 40. 

Type species: Melanoides fasciolata Olivier = Nerita tuberculata Mueller, 1776. 

Shell small or of 1110derate size with a number of regularly increasing 
whorls, spire usually twice the length of the aperture or more, sculpture of 
axial and spiral striae or thin ribs often producing a more or-less granular 
appearance. Aperture small, ovoid and not greatly produced in front, 
columellar callus moderate, the columella slightly bent and not produced 
anteriorly, the lip slightly or not at all thickened. Operculum relatively 
large with the posterior extremity pointed, paucispiral, with a basal nucleus 
sometimes almost approaching the subspiral condition. Ovoviviparous and 
parthenogenetic. 

North, East and South Africa, Arabia, Persia, India, Sri Lanka, North 
Australia, Burma, Malaysia, Malay Archipelago, the Philippines and various 
Pacific Islands. 

91. Thiara (Melanoides) prashadi Ray, 1947 

Melanoides prashad; Ray, 1947, Rec. Indian MilS., 45(1): 304, text fig. 2. Type locality: 
Stream S. W. of Golf course, Aberdeen, Port Blair, Andamans. 

Type: ZSI Regd. No. M 15940/2. (Not found) 

Distribution: Not known beyond type locality. 

Remarks: Shell smooth, pure olive-green, spire acuminate, whorls 
regularly increasing in size, first few spirally striated, but striations disappear 
on the later whorls, aperture small, triangularly ovate, columella white, 
thick, outer lip slightly expanded and produced below with an obtuse angle. 

92. Thiara (Melanoides) tuberculata (Mueller, 1774) 

(Figs. 183, 184) 

Nerita tuberculata Mueller, 1774, Hist. ",erln. Terr. Fluv., 2: 191. Type locality: 
Coromandel Coast. 

Melania pyramis Benson, 1836, J. Asiat. Soc. Beng., 5: 354. Type locality: Ganges. 
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Melanoides (Melanoides) peddamunigalensis Ray and Ray Chowdhuri, 1969, Proc. zoo I. 
Soc. Calcuttal 22: 48, pI. 4, figs. 12-17. Type locality: Peddamunigal, Nagarjunakonda, 
Nalgonda Dist. A.P. 

Melanoides (Melanoides) tuberculatus: Starmuehlner, 1976, Ann. Natllr Hist. Mus. Wien., 
80: 591. 

Distribution: Throughout India except Kashmir. North and South 
Africa. (For details of its distribution on the African continent--see Brown, 
1980, p. 94), Eastern Mediterranean countries, South east Asia, Southern 
China, Malaysia, Malay Archipelago, North Australia, various Pacific 
Islands and north to the Ryukyu Islands of Japan, New Hebrides. 

Remarks: It has a wide-range of distribution and variation. Shell 
with a high spire and moderately large body whorl, whorls evenly rounded, 
dark red-brown dots and flames, either irregularly distributed or longi
tudinally arranged on the shell surface, sculptured with vertical ribs and 
spiral striae, distinct and raised on the upper whorls, but fiater on the 
lower ones. 

Mantle edge bears 10-12 appendages, exterior surface of mantle not 
pigmented. Only females known. 

It is a common melanid occuring in streams, rivers, irrigation canals 
and stagnant water ponds, often extending into brackish waters. 

It was known by several names. Starmuehlner (1976) gave a complete 
synonymy. In India it was described under the names like M. pyramis 
(Hutton) (Fig. 184), M. tigrina (Hutton) and their varieties. Many of the 
names given by Preston (1915) may turn out to be synonyms of this species. 

Ray and Roychowdhuri (1969) described Melanoides peddamunigalensis 
from Andhra Pradesh. It falls wen within the variation of this species. An 
extensive collection of this and other thiarids from different parts of India 
and their intensive study may reveal the extent of variation exhibited by 
this and other species. As mentioned by Pace (1973) the fact that most 
thiarids are parthenogenetic requires special taxonomic considerations. 
There is a possibility for the existence of two or three subspecies of T tuber
culata. 
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Seshaiya (1936), Ramamoorth~ (1950, 1955), Jacob (1959a, b), Subba 
Rao and Mitra (1982) studied the biology. Recent studies by Berry and 
Kadri (1974) include investigations on reproduction. 

Parasites-Several cercariae were recorded: Cercaria indica III-VII, 
XI, XIII-XVI, XVIII, XIX, XXXIV, XLVI, XLVII, LVI & LVIII (Sewell, 
1922); Cercaria sp. (Lal & Gupta, 1952; Lal & Premvati, 1955), Cercaria 
aciculata, C. bristiae, C. bristpennata, C. claudiglandula (Gupta & Taneja, 
1963 etc) C. cordata, C. cruciata, C. deschiensi, C. dissimilis, C . . fulvior, C. 
fulvaculata, C. gomtiensis, Neopronocephalus triangularis, C. kukrailensis 
Thapar, 1969, C. bhimtalensis Malaki & Singh, 1963, C. naukuchiensis 
Gupta & Taneja, 1969, C. p;njorensis Gupta & Taneja, 1969. Avian parasites 
like Stellantchasmus falcatus, Transversotrema patialensis Murty & Rao, 
1968. 

93. Thiara (Melanoides) tuberculata crebra Lea, 1850 

(Figs. 187, 188, 195, 196) 

Melania crebra Lea, 1850, Proc. zool. Soc. Loltd., 1850: 193. Type locality-Philippines. 

Distribution: Andaman and Nicobar Islands, the Philippines. 

Remarks: It differs from the typical form in being broader, width 
usually more than 1/3 of the total height, whorls comparatively less rounded~ 
sculptured with broad equidistant spiral ridges, raised axial ridges present 
only on the apical whorls often continuing on to the body whorl. 

Melanoides tigrina rao; Ray, 1947 (Figs. 195, 196) may be a synonym 
of this 

Subgenus Mainwaringia Nevill, 1884 

Mainwarillgia Nevill 1884, lland List Moll. Indian Mus., 2: 286. 

Type species: Maillwaril1gia paludomoidea Nevill. 

Shell conical and imperforate, spire acuminate, columella strongly 
arched, not greatly incrassate, outer lip sharp, sculptured with deep cut 
spiral striae, a thin epidermis with minute scattered hairs or chaetae. Oper
culum horny, extremely thin, paucispiral, with the excentric nucleus. 
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Foot pointed and produced into a short filamentous process posteriorly, 
a distinct mid-dorsal groove on posterior part of the foot extending on to 
the terminal process. 

Lower part of the Gangetic Delta. 

94. Thiara (Mainwaringia) paludomoidea Nevill, 1884. 

(Figs. 214, 215) 

Melania (Mainwaringia) paludomoidea Nevill, 1884, Hand List Moll. Indian Mus., 2: 286. 
Type locality: Matlah river near Port Canning. Annandale and Prashad, 1919, 
Rec. Indian Mus., 16: 252, pI. XX, fig. 8. 

Type: ZSI Regd. No. 1183 (Syntypes) 

Distribution: Gangetic delta. 

Remarks: Shell conically produced, suture distinct, shell bright 
yellowish-brown, body whorl with three distinct, broad, dark brown bands, 
showing clearly through the aperture, sculptured with spiral striae, which 
become prominent just below the suture, surface covered with rather long 
and well developed hairs. 

Foot small, tentacles long and slender, snout prominent, blunt and 
slightly notched in front, foot and tentacles translucent white, with black 
pignlent at the tips, snout brownish. 

On trunks and aerating roots of mangrove trees submerged at high 
tide, in the M utlah river at Port Canning. 

Subfamily MELANATRIINAE 

Shell rounded to tower-shaped form, smooth or with varied sculpture, 
spirally striated, ribbed or tuberculated, columellar margin thick, more or 
less arched. Aperture generally angular below. Operculum round, multi
spiral with a central or nearly central nucleus. 

Margin of the mantle smooth, with a small fleshy, cup shaped fold 
on the right side opposite the anal opening. 
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Genus. 25. Sulcospira Troschel, 1858 

Su/cospira Troschel, 1858, Gebiss Schneck en, 1: 117. 

Type species: Melania huegeli Philippi. 

Shell ovoid conical, not slender as in Thiara or Brotia, yellowish-green 
or brown, spirally grooved, especially on the basal region of whorls,lustreless. 
Aperture oval, somewhat expanded at base, but never with a siphonal canal. 
Operculum nlultispiral with a central nucleus. Female ovoviviparous. 

India and Indonesia 

95. Sulcospira huegeli (Philippi, 1841) 
(Fig. 200) 

Melania huegeli Philippi, 1841, Abbild, Beschreib. Conch., 1: 61, pI. 2, fig. 8. Type locality: 
New Holland? 

Melania blisteri Ray, 1953, Rec. Indian Mus. SO (1): 112, pI. 1, figs. 1-6 & la-6a Type 
locality: Coromandel Coast. 

Distribution: Assam: Khasi hills, Garo hills; Karnataka : Upper 
Cauvery River, Bangalore; Kerala: Wynaad, Cochin hills. 

Remarks: Shell ovoid conical, whorls 5-6, regularly increasing in size, 
spire generally decollated, dark brown, body whorl large, almost equal to 
the height of the spire, shell smooth, spiral striae below the periphery of 
the body whorl, aperture vertical and produced at the base. 

Melanoides blisteri Ray differs from the typical fornl only in the presence 
of blisters, which nlight have been caused due to the ecological factors. 

Genus 26. Brotia H. Adams, 1866 

Brotia H. Adams, 1866, Proc. zoo I. Soc. Lond., p. 150. 

Type species: Melania pagodu/a Gould, 1847 by Monotypy. 

Acrostoma Brot, 1874, Martini and Chemnitz's Syst. Conch. Cab., 1 (24): 17. 

Type species: Melania huegeli Philippi. 

Shell large up to 5 or 8 ems. shell high-conoid or turreted with many 
whorls, spire longer than the body whorl, apex of the shell asymlnctrical, 
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coated with a dark brown, almost black epidermis, axial ribs heavy and 
clear, columellar angle of the lip of the aperture produced slightly forward 
or round. Operculum round, multispiral, central or nearly central nucleus. 

Snout broad and protrusible, tentacles long and slender. Foot short 
and broad. 

Mainly parthenogenetic. Males were recorded by Davis (1971). Brood 
pouch is same as in Thiara. 

India, Indo-China, Malaysia, Malay Archipelago and the Philippines. 

Subgenus Antimelania Crosse and Fischer, 1892 

Antin1elania Crosse and Fischer, 1892, Miss. Mex., 7 (2): 313. 

Type species: Melania variabilis Benson, 1836 (=Melania costula Rafinesque, 1833) 

Aperture more or less regularly rounded at the base but not projecting 
as in Brotia s. str. 

96. Brotia (Anthnelania) costula (Rafinesque, 1833) 

(Figs. 192-194, 197, 198) 

Melania costula Rafinesque, 1833, Atlantic Journ. no. 5: 166. Type locality: Gomti river 
at Jaunpur, Uttar Pradesh. 

Brotia costula: Van Benthem Jutting, 1956, Treubia, 23 (2): 374, fig. 76. 

Distribution: India: Gangetic Plain, West Bengal, Manipur, Assam, 
Sibsagar, Garo Hills, Damuda Hill, Garam Pani, Kaziranga; Burma; Malay 
Archi pelago; Indonesia. 

Remarks: Shell" elongate, whorls 12-14, regularly increasing, sculp
tured with spiral ridges or nodules, prominent axial ribs, often with spines. 

It is very much variable and thirteen varieties and subvarieties have been 
identified by different authors. Annandale (1921) recognised three 
varieties namely laevis Annandale, selnilaevigata Nevill and subspinata 
Annandale from Manipur. Other important varieties of this species are 
echinata (Benson), intermedia (Brot), subspinosa (Nevill) and subtuberculata 
(Nevill). As Annandale (1921) himself remarked these varieties are by no 
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means constant. Unless a thorough revision is made it is i.mpossible to 
classify them as ecological or geographical SUbspecies. Davis (1971) studied 
the systematics of Brotia costula episcopalis. The subspecies probably 
extends from Malaysia to Assam through Burma. There may be another 
subspecies in the Indo-gangetic plains. It occurs in muddy water and on 
muddy bottom of rivers and stagnant watyr. 

In ponds, generally do not prefer swift flowing strealns. 

Parasites. Cercaria indica VI, VII and VIII were recorded (Sewell, 
1922). 

Subfamily MELANOPSINAE 

Shell usually elongated, ovately conical with moderately low spIre 
except in Faun us. Shell surface smooth or sculptured, columellar margin 
more or less twisted, lower margin of aperture distinctly channelled. Oper
culum elongate oval ,,,ith a terminally placed nucleus. 

Mantle margin smooth, oviparous. 

Genus 27. Faunns Montfort, 1810 

Faunus de Montfort, 1810, Conch. Syst. 

Type species: Strombus ater Linnaeus. 

Shell elongate with fine, pointed apex, whorls several and fiat, finely 
striated axially and spirally. Aperture oval, with an anterior canal at the 
base, and posteriorly with a sinus, columella smooth, arched, extending 
into a parietal callus. Operculum elongate ovate, nucleus excentrical. 

India, Sri Lanka, Malay Archipelago, the Philippines, New Guinea 
and New Hebrides. 

97. Faunus ater (Linnaeus, 1758) 

(Figs. 208, 209) 

Strombus ater Linnaeus, 1758, Syst Nat. ed 10: 746. Type locality: "Asiae paludibus" 

Faunus ater: Van Benthem Jutting, 1956, Treubia, 23 (2): 380, fig. 78. 
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Distribution: India: Goa, Nicobars; Sri Lanka, Mauritius, Malay 
Archipelago, the Philippines, New Guinea and New Ireland. 

Remarks: Shell with a long spire, whorls fiat and sutures shallow, 
whorls 18 to 20, regularly increasing, the first 5 or 6 whorls strongly striated. 
Aperture broadly oval with sinus at upper and lower ends. 

Occurs in slightly brackish water. 

Subfamily PALUDOMINAE 

Shell round or oval, smooth or with spiral sculpture, strong periostra
cunl, aperture proportionately large, ovate, notched or obliquely grooved 
below, operculum round with concentric ridges. 

Mantle margin with 20 to 25 small, equal-sized fleshy protruberances 
or papillae. 

Oviparous. An egg-laying groove on the right side of the foot. 

Occurs in fast and slow-moving hill streams. 

Sri Lanka, South India, AssaDl (BrahDlaputra Valley), Burma and 
SUDlatra extending on the west to Africa and east to New Guinea. 

Genus 28. Paludomus Swainson, 1840 

Paludomus Swainson, 1840, Treatise on Malaco[ogy, 1840: 340. 

Type species: Melania globulosa Gray. 

Shell strong, oblong-globose, aperture larger than the spire,. inner lip 
or columella very thick. 

Sri Lanka, South, South-west and North-east India, Burma. 

Starmuehlner (1977) treated the genus and its species occuring in Sri 
Lanka. 

F our subgenera are recognised. 
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}(ey to subgenera 

1. Shell with an elevated spire, columella narrow and not very 
flat ...... · ......................... 0 •• • •• • ••••••• 0 •••••••••••••••• 0 ••••• o. • • • • • • • • • • • • • • • • • • • • • • • •• 2 

Shell with a low or depressed spire, columella broad and flat ....................... 0 3 

2. Operculum with a submedian nucleus displaced to the left, 
growth striae subspiral rather than concentric, on the inner 
surface distinctly nlarked, stair-step like growth lines .. . ...... ... Paludomus s. str. 

Nucleus subbasal and dextral, growth striae paucispiral Philopotamis 

3. Columella with a prominent tooth like projection on its an-
terior part, operculum with an excentric nucleus ........................ Stomatodon 

Columella without any tooth or projection, operculum with 
a dextral and lateral nucleus ...................................... 0. .............. Tanalia 

Subgenus Paludomus s.str. 

The species generally occur in slow flowing streams in Sri Lanka and 
Indo Malayan region. 

It is the most common of all the subgenera and is represented by 19 
specIes. 

98. Paludomus andersoniana Nevill, 1877 
(Fig. 223) 

Paludomus andersoniana Nevill, 1877, J. Asiat. Soc. Beng., 46 (2): 35. Type Jocality: 
Upper Burma. Nevill, 1881, J. Asiat. Soc. Beng., 50 (2): 160, pI. 5, fig. 2. 

Type: ZSI Regd. No. M 16917/2 (Holotype) 

Distribution: Burma. 

Remarks: Shell large and globose, spire produced and pointed, body 
whorl with four dark black bands, the second one from top broader than 
others, whorls seven, sculptured with superficial broad spiral ridges, only 
the subsutural ridge distinct and a little prominent. Operculunl internally 
with a re~arka bly raised nuclear portion, and distinct, minute granular 
region. 
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99. Paludomus (Paludomus) annandalei Preston, 1909 
(Fig. 218) 

Paludonlus annandalei Preston, 1909, Rec. Indian Mus., 3: 278, fig. 1. Type locality : 
Tenmalai, Western Ghats (W. side). 

Types: ZSI Regd. No. M 4610/1 (Holotype), M 17433/3 (Para
types-2). 

Distribution: Western Ghats, India. 

Remarks: Shell conoidal, apex eroded, dark olivaceous brown, sculp
tured with coarse spiral striae below the sutures and on the basal part of the 
whorls, interstices with punctate appearance, sutures slightly impressed, 
columella arched, hardened into a nodule at the point of meeting the outer 
lip. 

100. Paludomus (paludomus) blanfordiana Nevill, 1877 
(Figs. 222, 239) 

Paludomus blanfordiana Nevill, 1877, J. Asiat. Soc. Beng., 46 (2): 37. 1881, J. Asiat. Soc. 
Beng., 50 (2): 159, pI. 5, figs. 3, 3a. Type locality: Ava, Burma. 

Paludomus rotungensis Preston, 1915, Rec. Indian Mus., 8: 539, fig. 3, 3a. Type locality: 
Upper Rotung. 

Distribution: India: Assam-Gauhati; Meghalaya: Siju Cave, 
Garo Hills. Burma: Pegu, Arakan. 

Remarks: Shell ovately-globose, body whorl inflated, colour dark 
yellow, often coated with black encrustation, sculptured with fine spiral 
striae and longitudinal growth striae, body whorl with three characteristic 
chocolate-brown coloured broad bands, which also show through the aper
ture, aperture oval, margin of columellar callus tinged with chocolate brown 
colour. 

101. Paludomus (paludomus) burmanica Nevill, 1877 

Pa/udomlls burmanica Nevill, 1877, J. Asiat. Soc. Beng., 46 (2): 36. Type-locality: Yay
laymaw, U. Burma. Nevill, 1881, J. Asiat. Soc. Beng., 50 (2): 162, pI. 5, fig. 4. 
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Types: ZSI Regd. No. M 10919/2 (Syntypes) 

Distribution: Burma. 

Remarks: Shell small, spire depressed, decollated, sculptured with 
irregular striae, three dark black bands, the upper one exceedingly broad, 
covering nearly half of the whorl, columellar callus a little broad and thick. 

102. Paludomus (Paludomus) conica (Gray, 1834) 
(Figs. 227, 228) 

Melania conica Gray, 1834, Griffith Cuvier, Moll., pI. 14, fig. 5. 

Distribution: India: Meghalaya-Teria Ghat, South J aintia Hills, Garo 
Hills, Kopili River, West Khasi Hills; Sibsagar (Assam); Bhutan; 
Bangladesh. 

Remarks: Shell globose conical, whorls 5, smooth for the most part 
excepting for one broad or three to four spiral ridges in the sutural region, 
colour yellowish brown to dark-brown, often ornamented with dark spiral 
bands as in P. blanfordiana. 

103. Paludomus (Paludomus) chilinoides Reeve, 1847 
(Figs. 225, 226) 

Paludomus chilinoides Reeve, 1847, Conch. Icon., 4: pI. 2, f. 7a, pI. 3, f. 7b, 7c. Type locality: 
"Bed of the Mahawelle Ganga, near Kandy, Ceylon". 

Paludomus (Paludol1lUS) chilinoides,' Starmuehlner, 1974, Bull. Fish. Res. Sf"., Sri Lanka. 
2S (1 & 2): 133. 

Types: BM (NH). 

Distribution: Low and Upland of Sri Lanka. 

Remarks: Shell rather thin, ovate, spire small, whorls five, depressed 
around the upper part, yellowishbrown to olive, one or more rows of 
spots or zigzag lines, columellar callus thick and expanded. 

Starmuehlner (1974) gave a detailed synonymy and account of its 
anatomy and ecology. 
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104. Paludomus (Paludomus) dhuma Rao, 1925 
(Fig. 229) 

PaludOlnus dhuma Rao, 1925, Rec. Indian Mus., 27: 97, fig. 1. Type-locality: Edge of a stream 
near Thazi railway station, Lower Burma. 

Types: ZSI Regd. No. M 12485/2. 

Distribution: Burma. 

Remarks: Shell thick, uniform dark smoke colour, whorls 4-5, rapidly 
increasing, young shells with three brown coloured spiral bands visible 
through the inner side of the aperture, sculptured with indistinct vertical 
and spiral striae, columellar callus fairly thick and smooth, outer lip thin 
and sharp. 

It may be conspecific with P. anderson ian a Nevill. 

105. Palodomus (Paludomus) inflatus Brot, 1880 
(Figs. 244, 245) 

Paludomus inflata Brot, 1880, in Martini and Chemnitz, Syst. Conch. Cab.# 1 (25): 44, pl. 
18, figs. 25, 26. Type locality:? 

Paludomus (Paludomus) in/latus: Starmuehlner, 1974, Bull. Fish. Res. Stn. Sri Lanka, 2S 
(1): 139, pI. VIII, fig. 78. 

Distribution: India: Kerala (Western Ghats), Amerghat; Tamil
nadu-Tinnevelley; rare in Eastern Sri Lanka. 

Remarks: Shell globose, spire elevated, apex mostly decollated, body 
whorl abruptly enlarged and globular, fiat below the suture and arched 
later, sculptured with distinct unequal spiral furrows, aperture broad and 
ovate. 

106. Paludomus (Paludomus) nana Nevill, 1881 
(Fig. 231) 

Paludolnus andersoniana subsp. peguensis subvar. nana Nevill, 188t J. Asiat. Soc. Beng., 
50:160. Type locality: Pegu, Lower Burma. 

Paludomus nana: Rao, 1929, Rec. Indian Mus., 31 :292, text fig. 6. 
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Types: ZSI Regd. No. M 12847/2. 

Distribution: Burma. 

Renlarks: Shell with rapidly increasing whorls, suture transverse and 
lightly impressed, aperture acuminate above and relatively rounded below, 
columellar callus broad and somewhat flattened. 

107. Paludomus (paludomus) obesus (Philippi, 1842) 
(Fig. 232) 

Melania obesa Philippi, 1842, Abbild, Beschreib, Conch., 2: 170, Melallia pI. 4, fig. 3. Type 
locality: "Patria: Nova Hollandia" 

Distribution: Maharashtra: Bombay, Khandala, Ahmednagar and 
Ratnagiri. 

Remarks: Annandale (1919) mentioned it as a widely distributed 
species. But fronl the collections studied it is evident that it is restricted 
to streams in Western India. 

108. Paludomus (Paludomus) ornatus Benson, ° 1856 
(Fig. 220) 

Paludomus ol'nata Benson, 1856, AIlIl. Mag. llat. Hist. (2) 17: 496. Type locality: Upper 
Burma. 

Distribution: India: Brahlnaputra valley; Burma: Pegu, Upper 
Burma. 

Remarks: Shell ovately conical, whorls 6, spire acuminate, shell 
smooth except for 2 or 3 spiral ridges in the sutural region, below the suture 
flat, aperture ovate, inside with three dark bands, columella arched and 
thick, straight below, outerlip sharp, angular above and then almost straight. 

109. Paludomus (Paludomus) palustris Layard, 1854 
(Figs. 250, 251) 

Paludoll1US pa[ustris Layard, 1854, Proc. zool. Soc. LOlld., 1854: 89, Type locality: "Grassy 
margins of a tank of Anorajahpura, Ceylon". 
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Paludomus (Paludonlus) palustris: Starmuehlner, 1974, Bull. Fish. Res. Stn, Sri Lanka, 2S 
(1 & 2): 139, pI. VII, fig. 79. 

Distribution: North Central Province of Sri Lanka. 

Remarks: Shell ovate, spire exserted, whorls 3-5, rounded and flat, 
sculptured with close, minutely granular striae. 

110. Paludomus (Paludomus) parvula Rao, 1929 
(Fig. 233) 

Paludomus parvula Rao, 1925, Rec. Indian Mus., 31: 293, text fig. 7. Type locality: 
Burma. 

Types: ZSI Regd. No. M 12849/2 (Holotype), M 12850/2 (Paratypes) 

Distribution: Burma. 

Remarks: Shell regularly ovate, decollate, sculptured with distinct 
spiral ridges, suture oblique and well-defined, aperture acuminate above 
and narrowly rounded. below, with four broad brown bands in the interior 
of the aperture. 

It is perhaps a variety of Paludomus regulata Benson. 

111. Paludomus (Paludomus) pustulosa Annandale, 1925 
(Fig. 234) 

Paludomus pustulosa Annandale, 1921, ll.ec. Indian Mus., 22: 563, fig. 11 A,B. Type locality: 
Stream in the south part of the Manipur valley. 

Types: ZSI Regd. No. M 11858/2 

Distribution: Manipur. 

Remarks: Shell ovate, thick and uniformly black, with a tumid body 
whorl, sculptured with coarser longitudinal lines, interior of shell olivaceous 
sometimes with traces of two or three broad chestnut bands. 
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112. Paludomus (Paludomus) reticulata Blanford, 1870 

(Fig. 237) 
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Paludolnus reticulata W.T. Blanford, 1870, J. Asiat. Soc. Beng., 39 (2): 9, pI. 3, fig. 1. Type 
locality: North Cachar, Assam. 

Remarks: Shell globose, whorls 3-4, sutures impressed, sculptured with 
reticulate spiral striations, which form regular axial granules or reticulations. 

It resembles P. loricatus in the presence of granular spiral ridges but 
differs from it in the general shape and nature of granules. 

113. Paludomus (Paludomus) rotunda Blanford, 1870 

(Fig. 238) 

Paludomus rotunda W.T. Blanford, 1870, J. Asiat. Soc. Bellg., 39 (2): 10, pI. 3, fig. 2. Type 
locality: "Travancore." 

Distribution: Kerala: Western Ghats: Tamilnadu: Balarangam, 
Anamullay and Madurai Hills. 

Remarks: Shell small, oval, decollated, only two whorls seen, irregular 
spiral striae, aperture suboval, columella arched, callus broad, outer lip 
sharp. 

114. Paludomus (Paludomus) stephanus (Benson, 1836) 

(Figs. 240, 241) 

Melania stephanus W.H. Benson, 1836, J. Asiat. Soc. Bellg., 36: 747. Type locality: 
Sylhet, Bangladesh. Hanley and Theobald, 1876, Conch. Indica, pI. 122, fig. 10. 

Distribution: India: Meghalaya, Khasi Hills; Bangladesh: Sylhet. 

Remarks: Shell ovately conical, whorls rapidly increasing, body whorl 
very much inflated, spire short, decollated, whorls conspicuously shouldered 
bearing a crown of short and pointed spines, aperture oval, columella very 
much arched and produced below, outer lip angularly arched. 
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115. Paludomus (Paludomus) regulata Benson, 1856 
(Fig. 236) 

Paludol11us regulata Benson, 1856, Ann. Mag. lIat. Hisl., (2) 17: 496. Type locality: 
Thyet-Myo, Burma. Hanley and Thoebald, 1876, Conch. Indica, pI. 108, ,fig. 5. 

Distribution: Burma. 

Remarks: Rao (1928) was of the opinion that Paludomus andersoniana 
should be treated as a synonym of P. regulata. 

116. Paludomus (paludomus l_t~nschauricus (qmelin, 1771) 
(Figs. 221, 252, 253) 

Helix lanschaurica Gmelin, 1791, Syst. Nat. ed. 13: 3655. Refers to Chemnitz's Syst. Conch. 
Cab. 9: 174, figs. 1246, 1247. 

Paludomlls acutus Reeve, 1862, Proc. zool. Soc. Lond., 1852: 127. Type locality: Near 
Pondicherry. 

Paludolnus tanjoriensis H.F. Blanford (emend), 1863, Trans. Linn. Soc. Lond., p. 173, pI. 
27, figs. 2a .. e. 

Paludomus (Pailidolnus) tanschauricus: Starmuehlner, 1974, Bull. Fish Res. Stn., Sri Lanka, 
2S (1-2): 140, pI. VIII, fig. 80. 

Distribution: India: Maharashtra: Pune; Kerala: Courtallum, 
(Travancore, Malabar); Tamilnadu: Pulney Hills, Trichinopoly, Madras; 
Andhra Pradesh: Kadapa (=Cuddapah); Northern Sri Lanka. 

Remarks: Shell conical, with 6-8 convex whorls, first few whorls with 
keeled spiral ridges, colour yellowish-brown with dark brown spots running 
in lines and waves, aperture ovate, posteriorly pointed. 

Seshaiya (1934) gave a detailed account of the anatomy of this species. 

In slow-moving streams and in temporary streams (Sri Lanka 
Starmuehlner, 1977). 

Subgenus Phllopotamis Layard, 1855 

Philopotalnis Layard, 1855, Ann. Mag. Nat. Hist., (2) 16: 134. 

Type species: Paludomus sulcatus Reeve. 
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It is distinguished from the other subgenera of the genus by its oper
cular characters. It is restricted to fast flowing torrents and mountain 
streams of S. W. Sri Lanka and Sumatra (Starmuehlner, 1977). Although 
we have only one species in India represented by a few specimens, an 
intensive collection in the hill streams of Western Ghats may throw more 
light on the occurrence of this subgenus in India. According to Starmuehlner 
(1977) it is endemic to Sri Lanka. 

117. Paludomus (Philopotamis) bicinctus Reeve, 1852 
(Fig. 224) 

Pa!udomus bicinctus Reeve, 1852, Proc. zoo!. Soc. Lond., 1852, p. 129. Type locality: 
Mountain stream of Ceylon. 

Paludomus (Philopotamis) bicinctus·: Starmuehlner, 1974, Bull. Fish. Res. Sin., Sri Lallka 
25 (l & 2): 142, pI. VIII. fig. 82. 

Distribution: Sri Lanka: Eastern, Central and Uva Province. 

Remarks: Shell oblong globose, spire small, whorls three, penultimate 
whorl big and ovate, sculptured with delicate spiral striae, two broad, in
distinct chestnut brown bands on the inner surface of the aperture. 

118. Paludomus (Philopotamis) nigricans Reeve, 1847 
(Fig. 219) 

Paludomus nigricans Reeve, 1847, Conch. ICOIl., 4: pI. 2, f. 6. Type locality: "Ceylon, 
in mountain streams at 6000 ft. elevation". 

Pa!udomus (Philopotamis) nigricalls: Starmuehlner, 1974, Bull. Fish. Res. SIll., Sri Lanka, 
2S (l & 2): 143, pI. VII, fig. 84. 

Distribution: Sri Lanka: Highland of Central Province. 

Remarks: Shell oval, spire rather prominent and exserted, whorls 2-4, 
smooth or delicately granulated, adult specimens dark brown to blackish, 
young ones reddish brown with indistinct chestnut brown bands. 

Starmuehlner (1974) briefly remarked on its anatomy and bioecology. 

119. Paludomus (Philopotamis) regalis Layard, 1854 
(Fig. 235) 

Philopotanlis regalis Layard, 1854, Proc. zool. Soc. Lond., 1854: 93. Type locality: 
"Stream in the Cnia Corle, Western Province, Ceylon". 
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Paludonlus (Plziiopotanlis) regalis: Starmuehlner, 1974, Bull. Fish. Res. SIn., SrI Lanka, 
2S (1 & 2): 144, pI. VIII, fig. 88. 

Distribution: Sri Lanka: Southern and Western Province. 

Remarks: Shell oblong ovate, spire short and exserted, whorls round
ed, sculptured with close, superficial spiral ridges and m~nute longitudinal 
striae, a peripheral row of close set, short and sharp angular spines. 

120. Paludomus (Philopotamis) sulcatus Reeve, 1847 
(Fig. 243) 

Paludomus sulcatus Reev:e, 1847, Conch. Icon., 4: pI. 2, fig.8a, pI. 3, figs.8b, 8e. Type 
locality: Stream at Ratnapoora, Ceylon. 

Paludonllls (Phi!opotamis) sulcatus: Starmuehlner, 1974, Bull. Fish. Res. Stn., Sri Lanka, 
2S (1-2): 145, pI. IX, fig. 89. 

Types: BM (NH)~ 

Distribution: India: Kerala; Sri Lanka. 

Renlarks: Shell ovate, spire prominent but generally eroded, whorls 
3 .. 5, rounded, suture impressed, sculptured with spiral grooves, colour 
brownish, aperture subtriangularly ovate, angulate posteriorly. Operculum 
subtriangularly ovate~' nucleus subbasal and dextral. 

The collections from Travancore were identified as P. travancorica 
Blanford, 1880. If the identification is correct it should become a synonym 
of P. sulcatus. 

Subgenus Tanalia Gray, 1847 

Tallalia Gray, 1847, Proc. zool. Soc. Lond., p. 153. 

Type species: Nerita aculeata Chemnitz 

It is highly endemic to high lands of Southern and Southwestern 
Sri Lanka, in fast flowing torrents and mountain streams (Starmuehlner, 
1977). As in the case of the subgenus Philopotamis it is also represented by a 
single species in India. More collections are needed to find out the actual 
distribution of this subgenus in India. 
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121. Paludomus (Tanalia) loricatus Reeve, 1847 
(Fig. 230) 
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Paludonlus loricata Reeve, 1847, Conch. Icon., 4, Paludomus sp. no. 1, pI. 1, figs. la, b, c. 
Type locality: In rapids flowing from Adam's Peak, Ceylon. 

Paludomus (Tanalia) loricatus: StarmuehIner, 1974, Bull. Fish. Res. SIn., Sri Lanka, 25 
(1-2): 146, pI. IX, figs. 92-99, pI. X, figs. 100-104. 

Distribution: India: Assam; Sri Lanka. In slightly acidic and slow
flowing mountain streams (Starmuehlner, 1977). 

Remarks: It is represented by a single shell in the collection. Shell 
black-brown, oblong-ovate, spire eroded, sculptured with characteristic 
nodulose spiral ridges. 

Starmuehlner (1974) dealt in detail on the intraspecific variations. 

122. Paludomus (TanaUa) neritoides Reeve, 1847 
(Figs. 246-249) 

Paiudol11US neritoides Reeve, 1847, Conch. Icon., 4: pI. 1, fig. 3. Type locality: In the 
bed of a river at Ambegamon, Ceylon. 

Paludomus (Tanalia) neritoides: Starmuehlner, 1974, Bull. Fish. Res. SIll., Sri Lanka, 25 
(1 & 2): 150, pI. X, figs. 108-110. pI. XI, figs. 111-120, pI. XII, figs. 121-123. 

Distribution: Sri Lanka: South west parts. 

Remarks: Shell oblong ovate, neritoid in shape, body whorl large, 
spire often depressed or exserted, sculptured with spiral ridges, aperture 
large with broad columellar callus, stained with purple black or blackish 
brown. 

Starmuehlner (1974) gave details of its anatomy, ecology and an exhaus
tive synonymy. 

123. Paludomus (Tan alia) solidus Dohrn, 1857 
(Figs. 216, 217) 

Paludomus solidus Dohrn, 1857, Proc. zool. Soc. Lond., 1857: 124. Type locality: Not 
mentioned. 
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Paludo111US (Tanalia) solidus: Starmuehlner, 1974, Bull. Fish. Res. Stll., Sri Lanka, 25 
(l & 2): 154, pI. XII, figs. 143, 144. 

Distribution: Sri Lanka: South east of Uva Province. 

Remarks: Shell globose, spire short and pointed, whorls rounded, 
regularly increasing, sculptured with rather distant obtuse ridges and delicate 
vertical striations. Colour yellowish-brown, with wavy jet-brown bands 
seen distinctly on the inside of the aperture. Columella flat with an outer 
brownish edge. 

Subgenus Stomatodon Benson, 1862 

Stomatodon Benson, 1862, Ann. Mag. nat. Hist., (3) 10: 414. 

Type species: Paludomus stomatodon Benson. 

Shell ovately conical, with a rather low spire, aperture posteriorly 
angular, columellar margin broad and with a distinct tooth anteriorly. 

It is restricted to streams in Western Ghats, Kerala. 

124. Paludomus (Stomatodon) stomatodoD Benson, 1862 

(Fig. 242) 

Paludomus (Stomatodon) stomatodon Benson, 1862, Ann. Mag. nat. Hist., (3) 10: 415. Type 
locality: Mountain streams near Cottayam (= Kottayam), Kerala. 

Paludomus (Stomatodon) stomatodon: Satyamurti, 1960, Bull. Madras Govt. Museum, 
(New Series), Nat. Hist. Sec., 6 (4): 50, pI. VI, figs. 2a, 2b. 

Distribution: Kerala: near Kottayam. 

Remarks: Shell with a large and inflated body whorl, spire short and 
depressed, sutures well impressed, faint or often obsolete spiral striations, 
aperture ovate and angular posteriorly, columellar callus broad as in neritids 
and bears a prominent tooth-like projection on its anterior part, often with 
a blackish brown tinge on the upper part of the columellar callus. Oper
culum horny, dark brown with excentric nucleus. 
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Subclass PULMONATA 

Order BASOMMATOPHORA 

Family 10. LYMNAEIDAE 

The shell dextral and ovately oblong, size varies from 5 mm to 50 mm., 
spire pointed and of variable height, columellar axis typically twisted. 
Tentacles flattened and triangular, no pseudobranch, stomach divisible 
into three parts, the anterior oval crop, the middle stomach proper enclosed 
by the highly muscular bilobed gizzard, and the posterior tapering pylorus, 
penis long and devoid of flagellum. 

World-wide, inhabits alnlost all types of freshwater habitats. 

The genus Lymnaea exhibits a greater degree of plasticity and individual 
variations. Obviously all the earlier studies based on morphological species 
concept have created confusion by adding a large number of new species, 
varieties and forms. Hubendick (1951) made a revisionary study of recent 
Lymnaeidae using the biological species concept. The shell form, the distal 
part of the genitalia, radula and the structure of the prostate were the 
characters employed in his study. His revisionary studies have reduced 
the number of species from over a thousand to forty. In this connection 
the observations made by Burch and Lindsay (1973) who have tried various 
techniques ranging from classical conchology to breeding studies are in
teresting. According to them "Classical taxonomic divisions within the 
family based on shell characters are more reliable than radular teeth or 
characters of the reproductive tracts (as previously used) i.e. our immuno
logical studies correlated best with shell characters." 

As far as recent Lymnaeidae is concerned Annandale and Rao (1925) 
made a revision and their conclusions are reliable to a large extent. Their 
observations showed that in Indian lymnaeids much value could not be 
attached to anatomical and other characters. As such the findings of 
Hubendick (1951), who did not study much Indian material, could not be 
completely relied upon with regard to Indian species. 

There are differences of opinion regarding the taxonomic grouping 
of species into genera. Some include all the species in a single genus 
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Lymnaea recognising several subgenera in it, while others prefer to elevate 
all the subgenera to the generic level. Under the present confused state 
of Lymnaeid taxonomy it is proposed to follow the earlier Indian works 
and recognise one genus namely Lymnaea. 

The works pertaining to two common Indian species, namely Lymnaea 
acuminata and Lymnaea luteola include: Agarwal, (1977 on growth in L. 
acuminata; Brahmachary et al (1968, 1970, 1971a-c, 1977) on embryology; 
Dasgupta (1973, 1978), biology of parsitised individuals; Dasgupta and 
Ghoshe (1977), physiology; Dutt & Bali, (1977), life history studies; Michael 
(1966), development; Nagabhushanam & Azantunnisa (1977), temperature 
tolerance; Patnaik (1968, 1971) and Patnaik & Ray, (1967, 1968), on histo
pathology, ecology and geographical distribution and Seshaiya (1928) on 
breeding habits and fecundity. 

Genus 29. Lymnaea Lamarck, 1799 

Lymnaea Lamarck, 1799, Prodr. Nouv. Clas. Coq., p. 75. Lamarck, 1801, Syst. animo Sans 
Vert., 91. 

Type species: Limnaea stagnalis Linnaeus. 

Shell generally thin, body whorl large, spire almost always exserted, 
columella spirally twisted. 

Annandale and Rao (1925b) recognised 20 species and many varieties. 
Here only 17 species are treated as others being untenable. This arrange
ment is only provisional and further studies are needed to establish the 
status of each species and form. 

The key is taken from Annandale and Rao (192Sb). 

Key to species 

1. Shell very small, rather slender and delicate Oess than 10 mm 
high), narrow with blunt apex ... . .. ... . .. . . . . .. .. . .... .. ... . . . . . . . .. ... .. . . . . . . . .. . . ..•.• 2 

Shell never so delicate and usually more than 10 mm. high . . . . . . . .. . . . .. . . .. . . . . . .••• 3 

2. Spire with 2 whorls, columellar callus present ........................... L. mimetica 

Spire with 2l whorls, columellar callus absent ...•...... .................... L. horae 
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3. Spire scaleriform or at least canalised at the base, body 
whorl inflated . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 

Spire never scaleriform or canalised at the base, body whorl 
inflated .......................................................................................... 6 

4. Spire very short (almost sunken), body whorl very much 
inflated, columellar fold narrowed abruptly below umbi-
licus, shell larger . . . . . . . . . . . . . .. . . . . .. . .. . . . . . . . . . . . . . .. . ... . . . . . . . . . . . . . . . .. L. auricularia 

Body whorl less inflated, columellar fold not narrowed 
immediately below the umbilicus, shell smaller ....................................... 5 

s. Spire moderately exserted, body whorl not greatly expanded .....••.•..•... L. lagotis 

Spire extremely short, body whorl greatly inflated L. brevicauda 

6. Spire with 5 complete whorls, shell medium to large ................................. 7 

Spire usually with not more than 4 whorls ......................................•... ... 9 

7. Shell less than 20 mm. high, body whorl not expanding 
outwards, spire less acuminate ............................................................ 8 

Shell large, body whorl expanding outwards, spire excep
tionally elongated and acuminate, columellar callus well 
developed . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . L. stagnalis 

8. Spire moderate, columellar callus exceptionally broad and 
coarse, aperture less than half of the shell length ..................... L. laticallosa 

Columellar callus feebly developed, aperture large, nearly 
half of the shell length ...... .......... ..... ......... .................. L. tungabhadraensis 

9. Shell with the columellar callus exceptionally well developed ........................ 10 

Columellar callus not exceptionally well developed ........................... ...... 13 

10. Whorls of spire increasing in size gradually, the basal whorl 
of the spire not twice as broad as the one above it .................................... 11 

Basal whorl of the spire more than twice as broad as the 
whorl above it ................................................................................. 12 

11. Body whorl much longer than spire in dorsal view ............ L. andersollialla 

Body whorl and spire subequal in dorsal view ........................ L. truncatula 



126 Zoological Survey of India 

12. Suture impressed, umbilicus broadly rimate L. bowelli 

Suture not impressed, umbilicus narrowly rimate L. hookeri 

13. Spire very short, at least 3 times as broad at the base as high ...... ...... ............ 14 

Spire longer, much less than 3 times as broad at base as 
high .................. ... ................................................ ..................... 15 

14. Spire passing evenly into the body whorl, shell almost bila-
terally symmetrical in dorsal view .. . .• . . . . .. . . . . . . . . .. . . . . . . . .. . . . .. . . .. . . . L. ovolior 

Spire very much narrower than upper margin of body whorl, 
shell very asymmetrical bilaterally, columellar fold poorly 
developed .....................................................•..................... L. physcus 

15. Length of suture seen in dorsal view at base of spire con-
siderably greater than height of spire . ..... ... .... ..... ... ............ ... ...... .... ..... 16 

Length of suture at base of spice not or hardly longer than 
height of spire .f........... ............ ...................................................... 17 

16. Height of aperture at least i of the total height of the shell .............. .- L. persica 

Height of aperture less than half of the total height of the shell ......... L. shallens;s 

17. The outerlip very much expanded and convex in outline, 
spice acuminate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . .. . . . .... .. ... ........• L. aculninala 

The outer lip not very much expanded and almost straight 
in outline, spire less acuminate ...... .......................................... L. Iuteola 

Subgenus Pseudosuccinea 

125. Lymnaea acuminata Lamarck, 1822 

(Figs. 254-265, 272) 

Limnaea acuminata Lamarck, 1822, Hisl. nat. Anim. Sans VerI., 6 (2): 160. Type locality: 
"Bengale" . 

Linl1laea acum;l1ata: Annandale and Rao, 1925, Rec. Indian Mus., 27: 177. 

The nature of the spiral course of the shell, the form of outer lip and a 
number of negative characters are used in the specific diagnosis of the shell 
(Annandale and Rao, 1925). 

It occurs in permanent water bodies with abundant vegetation. 
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Nine forms were recognised under this species: 

form typica Lamarck, 1822. Distributed throughout India. (Figs. 258, 259) 

form patula Troschel, 1837, Arch. Naturgesch.# 3: 167. River Ganges, India. 
Distributed throughout India. Hubendick (1951) considers it as synonymous 
with race rufescens Gray. (Figs. 256, 257) 

form chlamys Benson, 1836, J. Asiat. Soc. Beng., 5: 744. Moradabad, 
Uttar Pradesh. Throughout India ~ rufescens Hubendick (1951) 

form rufescens Gray, 1820, in Sowerby: Genera Ree. Foss. Shells, 1: pI. 178, 
fig. 2, India. Throughout India. (Figs. 254, 255) 

form gracilior Martens, 1881, Conch. Mittheil., 1: 77. Bengal = rufescens. 
Throughout India and Burma. (Figs. 262, 265) 

form hians Sowerby, 1837, in Reeve: Conch. Icon., 18: sp. 57. -"Malabar." 
South and north-west India. (Figs. 264, 265) 

form malleata Annandale and Rao, 1925, Rec. Indian Mus., 27: 182, fig. 
111-8. Wazirabad. Peshawar, Punjab and Manipur. (Figs. 260, 261) 

form brevissima Annandale & Rao, 1925, Rec. Indian Mus., 27: 182, fig. 
III-I. Nagpur. May be an abnormal form of typical 

formpseudohorae Rao, 1929, Rec.lndian Mus., 31: 295. Shwemyzu Pagoda, 
Indawgyi Lake, Burma. = rufescens. (Figs. 272) Synonym subsp. tOllapii 
Ray and Raychowdhury. 

Annandale and Rao (1925) made it clear that these forms intergrade 
into each other and generally it is difficult to assign shells definitely to any 
particular form. With some reasonable accuracy the species can be 
differentiated into two forms-typica and rufescens Gray. The former is 
characterised by ovate shell, short and broad spire, acuminate apex. In the 
latter the shell is narrow, the mouth is relatively shorter and less expanded. 

Parasites-Larval forms of some important sheep, cattle and human 
parasites are recorded from this tSnail. It is recorded as the intermediate 
host of many flukes, viz. Fasciola gigantica, Fasciola hepatica, SchistosOnlQ 
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indicum, S. nasalis, Schistosoma spinda/is and Clinostomum giganticum, 
Echinostoma Spa etc. About 15 cercariae were recorded from this snail. 

Echinostoma revolutum, E. malayanum, F. hepatica and Orientobil
harzia tllrkestanicum develop in L. acuminata f. rufescens. 

126. Lymnaea biacuminata Annandale and Rao, 1925. 
(Figs. 277, 278) 

Limnaea biacuminata Annandale and Rao, 1925, Rec. Indian Mus~, 27: 182, fig. ill-2. 
Type locality: Hyderabad, Andhra Pradesh. 

Types: ZSI Regd. No. M 12466/2. 

Distribution: Secunderabad and Hyderabad, Kumaon, Nainital. 

Remarks: This may be a phenotypic variant of Lymnaea acuminata 
f. rufescens. 

127. Lymnaea luteola Lamarck, 1822 
(Figs. 275-287) 

, 

Limnaea luteola Lamarck, 1822, Hist. nat. Anim. Sans Vert., 6 (2): 160. Type locality: 
Bengal. 

Limnaea luteola: Annanda1e and Rao, 1925, Rec. Indian Mus., 27: 183. 

Spire not very much pointed and the shell more ovate with a narrow· 
ovate aperture. 

The species is not very particular about its habitat. It is often found 
in temporary water bodies, which dry up in summer, and it tides over the 
unfavourable conditions by burying itse1f in the mud. The species is less 
variable than L. acuminata. It is considered as a pest of paddy and Azola, 
the latter being the producer of biofertiliser, in Chinsurah and Pandua 
areas of West Bengal. 

The species has six forms as follows: 
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form typica Lamarck. (Figs. 275, 276) Throughout India and more com
mon than L. acuminata. 

form ovalis Gray, 1822, in Sowerby: Genera Rec. Foss. Shells, 1: pI. 178, 
fig. 4. "The East Indies." Syn. Limnaea physcus Annandale and Rao, 1925, 
Rec. Indian Mus., 27: 104. Distributed throughout India, Andamans, 
Burma and Sri Lanka. (Figs. 266, 267, 283, 284) 

form australis Annandale and Rao, 1925, Rec. Indian Mus., 27: 184, fig.V-3. 
India and Sri Lanka. (Figs. 279, 280) 

form inlpura Troschel, 1837, Arch. Naturgesch. 3: 172. River Ganges. 
India and Burma. (Figs. 281, 282) 

form succinea Deshayes, 1834, Voy. Belang. Zool. p. 418. Malabar Coast. 
South and North India and Kashmir. (Figs. 286, 287) 

form sianlensis Sowerby, 1873, in Reeve: Conch. Icon., 18: 63, sp. no. 63, 
pI. x, fig. 63. Siam, Burma. 

In our opinion only four forms stand out as distinct: f. typica, impura, 
australis and ovaUs Gray. 

Parasites: It is one of the important snail serving as the intermediate 
host of some parasites of cattle, pig, dog etc. viz. Schistosoma indica, S. 
nasalis, S. spindaUs, S. suis, S. incognitum, Fasciola gigantica, F. hepatica, 
Clinostomum giganticum, Echinostoma revolutum, Orientobilharzia dattae, 
Echinoparyphium bugulai. 

Besides the parasite Fischoederius elongatus, about 10 cercariae were 
recorded from the form succinea. 

128. Lymnaea ovalior Annandale and Prashad, 1921. 

(Fig. 285) 

Limnaea ovalior Annandale and Prashad, 1921, Rec. India" MilS., 22: 572, fig. 13 A, pI. 
VII, figs. 4-6. Type-locality: Loktak Lake. 

Types: ZSI Regd. No. M 11717/2. 
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Distribution: Not known beyond Manipur. 

Remarks: This may be a synonym of L. luteola f. ovalis Gray. 

129. Lymnaea horae Annandale and Rao, 1925. 
(Figs. 273, 274) 

Limnaea horae Annandale and Rao, 1925, Rec. Indian Mus., 22: 176, fig. 11-11. Type 
locality: Thumarkur nullah, near Railway bridge, Sorupeta, Assam. 

Types: ZSI Regd. No. M 12481/2. 

Distribution: Not known beyond type locality. 

Remarks: Allied to L. mimetica. Spire better developed and broader, 
columellar callus absent, numerous close-set longitudinal striae. 

Hubendick (1951) considered it as a transitional form between race 
swinhoei and race rufescens of L. auricularia. The form latior Annandale 
and Rao, 1925 must be a variant only. 

130. Lymnaea gedrosiana Annandale and Prashad, 1919. 
(Fig. 295) 

Limnaea gedrosiana Annandale and Prashad, 1919, Rec. Indian Mus.~ 18: 48, pI. vii, figs. 
2-4, text figs. 6 A & B. and var. recti/abrum p. 49, pI. vi, figs. 1-6; p. 40, figs. 5-B; 
p. 42, figs. 6c, 6d. Type locality : A pool near Nasratabad, Seistan. 

Types: ZSI Regd. No. M 11534/2 (Syntypes). 

Distribution: In desert pods. in Baluchistan, and also in Salt Range, 
Punjab (Pakistan). 

Remarks: According to Hubendick (1951) it is a "transitional form 
between the races auricularia and rufescens of auricularia L" 

131. Lymnaea mimetica Annandale, 1918. 
(Fig. 288) 

Limnaea mimetica Annandale, 1918, Rec. Indian Mus.~ 14: 109, pI. x, figs. 9, 9a; pI. xi, fig. 
4. Type locality: Inle Lake, Burma. Annandale and Rao, 1925, flec. Indian Mus., 
27: 174. 
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Types: ZSI Regd. No. M 11271/2. 

Distribution: Inle Lake, Burma. 

Remarks: It may be a local variant of Lymnaea acuminata. 

132. Lymnaea shanensis Annandale, 1918 
(Figs. 308, 309) 

131 

Limnaea shanensis Annandale, 1918, Rec. Indian Mus .• 14: 107, pI. x, figs. 5-8, pI. xi, figs. 
2, 3. Type locality: Shan States, Burma. Annandale and Rao, 1925, Rec. Indian 
Mus., 27: 173. 

Types: ZSI Regd. No. M 12047/2. 

Distribution: Burma. 

Remarks: Shell small, never exceeding 10.5 mm. in height. Allied to 
L. acuminata, but less acuminate and narrower columellar callus. 

The three forms typica, superstes Annandale and Rao, hehoellsis 
Annandale and Rao may be phenotypic variations. 

Subgenus Galba Schrank 

133. Lymnaea bowelli Preston, 1909 
(Figs. 298, 299) 

Limnaea howelli Preston, 1909, Rec. India" Mus .• 3: 115, Type locality: Te-Ring Gimpa, 
Tibet. Annandale and Rao, 1925, Rec. Indian MilS., 27: 169, fig. V-6. 

Types: ZSI Regd. No. M 4232/1. 

Distribution: Gyantse Valley, Tibet. 

Remarks: Resembles L. hookeri, but differs from it in its impressed 
suture and much wider umbilicus and radula. 

It occurs at high altitudes ranging from 13120 ft. to 16,000 ft. It often 
occurs in warm springs (Annandale & Rao, 1925). 
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134. Lymnaea laticallosa Annandale and Rao, 1925. 

(Fig. 294) 

Limnaea laticallosa Annandale and Rao, 1925, Rec. Indian Mus., 27: 105, p. 160, fig. V
I & 2. Type locality: Kalaw, He-Ho plain near Inle Lake, Burma. 

Types: ZSI Regd. No. M 12055/2. 

Distribution: Inle Lake, Burma. 

Renzarks: Resembles L. andersoniana, but differs in being larger, 
having more whorls, distinctly flattened, callus and columellar fold cover 
much of body whorl, columella almost vertical ventrally. 

135. Lymnaea bookeri Reeve, 1850. 

Limnaea hookeri Reeve, 1850, Proc. zool. Soc. Lond., 18: 49. Type locality: North side 
of Sikkim Himalaya, Tibet. Annandale and Rao, 1925, Rec. Indian Mus., 27: 167, 
fig. V-7. 

Types: BM (NH) 

Distribution: Sikkim, Tibet, alt 13,000 ft. to 18,000 ft. 

Remarks: Snlaller form allied to L. andersoniana, upper margin of 
whorls broadly flattened, columellar callus thick, columellar fold not broad, 
aperture wider, outerlip more expanded. 

136. Lymnaea andersoniana Nevill, 1881. 

(Figs. 268, 269 & 310) 

Lilnnaea andersoniana Nevill, 1881, J. Asiat. Soc. Beng., SO (2): 142, pI. v. fig. 9. Type loca
lity: Nantin, Yunnan. Annandale and Rao, 1925, Rec. Indian Mus., 27: 163. 

Types: ZSI Regd. No. M 12426/2 & M 12427/2. 

Distribution: Simla Hills, Kashgar, Kangra Valley, Ladak, ,Manipur; , 
Nepal Valley; Southern Shan States; Yunnan. 

Remarks: Size of the shell does not exceed 12 rom., generally umbilical. 
pore rather conspicuous but rather occluded by columellar fold. 
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Annandale and Rao (1925) distinguished four forms of L. andersoniana, 
namely typica, simulans (Fig. 310) intermedia and turbinicola. The first one 
is common in the stagnant waters in the valleys of Himalayas; the form 
simulans is common in streams in Yunnan, and the form intermedia occurs 
in Western Himalayas and also in Assam near the base of Naga Hills. 
The form turbinicola is a torrent form al1d is known from the hills on the 
western side of the Manipur Valley. 

137. Lymnaea truncatula (Mueller, 1774). 
(Fig. 291) 

Buccinum truncatula Mueller, 1774, Verm Terr. Fluv. Hist., 2: 130. Type locality: 
Denmark. 

Limnaea truncatula: Annandale and Rao, 1925, Rec.llldiall Mus., 27: 161, fig. V-3, 4, 5. 

Lymnaea truncatula: Rajagopal and Subba Rao, 1968, Proc. SYlllposiuln Mollusca, pt. 
1, p. 108. 

Distribution: India: Kashmir, alto 2730 M to 3,365 M., Leh, Chitral 
9000 ft. It is mainly a palaearctic species having distribution in Europe, 
and extending to Ethiopian region, North-western Africa and Egypt, East 
Africa, and South Africa. Cameroun is a doubtful locality record. Brown 
(1980) gave a detailed distribution of the species. 

Remarks: Closely allied to L. andersoniana, but umbilical pore more 
prominent and not occluded by columellar fold. Whorls slightly shouldered 
and spire longer in relation to body whorl. Mud-loving and amphibious. 

Parasites: The snail serves as an intermediate host of Fasciola 
hepatica. 

Subgenus Radix Montfort 

138. Lymnaea persica IsseI, 1865 
(Figs. 304, 305) 

Limnaea auricularia var. persica Issei, 1865, Moll. Miss. Ital. Persia (Torino), p. 47. Type 
locality: Iran. 

Limnaea persica: Annandale and Rao, 1925, Rec. Indian Mus., 27: 151. 

Distribution: India: Kashmir, Kumaon Lakes, Kangra Valley; 
North-west Frontier, Baluch desert near flushki, Southern Persia. 
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Remarks: Rajagopal and Subba Rao (1968) did not record this species 
from Kashmir. It is probably a variant of L. auricularia. 

139. Lymnaea auricularia (Linnaeus, 1758). 
(Figs. 300, 301) 

Helix auricularia Linnaeus, 1758, Syst. Nat. ed. 10: 774. Type locality: Sweden. 

Lymnaea auricula,.ia: Annandale and Rao, 1925, Rec.lndiall Mus., 27: 158, figs. 1-2, 4. 

Lymnaea auricularia: Rajagopal and Subba Rao, 1968, Proc. SymposiuI11 on Mollusca. 
pt. 1, p. 102. 

Distribution: Europe as far south as Spain and Italy , Northern Asia, 
Afghanistan and Kashmir. 

Remarks: Shell bigger, inflated, columella very much twisted, fold 
occludes umbilicus, spire sunken into body whorl. Hubendick (1951) con
sidered this as a super species and recognised four races, namely auricularia 
s.str. swinhoei Adams, rubiginosa Michelin, and rufescens Gray. The last 
mentioned is treated here as a form of L. acuminata. Of the rest, race~ 
auricularia s.str. and swinhoei have some relevance in the Indian context. 
L. mimetica Annandale and L. horae Annandale and Rao were considered 
as transitional forms between swinhoei and rufescens. 

Parasites: Only Orientobilharzia turkestanicum was known to develop 
in this snail in Srinagar area (Dutt and Srivastava, 1964). Fasciola 
gigantica was also recorded. 

140. Lymnaea brevicauda Sowerby, 1873 
(Figs. 302, 303) 

Limnaea brevicauda Sowerby, 1873 in Reeve: Conch. Icon., 18: p. 105, sp. no. 105, pI. XV. 
Type locality: Kashmir (Hubendick, 1951, p. 182). 

Lil1l1laea brevicauda: Annandale and Rao, 1925, Rec. Indian Mus., 25: 157, fig. 1-6. 

Lymnaea brevicQuda: Rajagopal and Subba Rao, 1968, Proc. Synlposium on Mollusca, 
pt. 1, p. 103. 

Types: BM (NH). 

Distribution: Kashmir. 
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Remarks: Whorls 4, distinct, but narrow canal outside the suture at 
its base; body whorl inflated but the spire not sunk into it, columellar fold 
broad near umbilicus. May be synonymous with L. auricularia. 

141. Lymnaea peregra (Mueller, 1774) 
(Figs. 290, 30~, 307) 

Buccinum peregra Mueller, 1774, Yermo Terr. Fluv. Hist., 2: 130. Type locality; Frederi
ksberg, Copenhagen, Denmark. 

Limnaea lagotis: Annandale and Rao, 1925, Rec. Indian Mus., 27: 151. 

Distribution: India: Kashmir; Tibet, Europe and U.S.S.R. 

Remarks: Annandale and Rao (1925) included six forms in the species 
L. lagotis. They are f. striata Andreae, f. costulata Martens, f. solidissima 
Kobelt, f. subdisjuncta Nevill, f. bactriana Hutton and f. defilippi IsseI. 
Excepting f. bactriana all the forms are restricted to lakes or ponds in 
the Hima]ayas. 

Subgenus Lymnaea s. str. 

142. Lymnaea stagnalis (Linnaeus, 1758) 
(Figs. 292, 293) 

Helix stagnalis Linnaeus, 1758, Syst. Nat. ed. 10: 774. Type locality: Sweden. 

Limnaea stagnalis: Annandale and Rao, 1925, Rec. India" Mus., 27: 147, figs. V-7 to 10. 

Lymnaea stagnalis: Rajagopal and Subba Rao, 1968, Proc. Symposil"n on Mollusca, pt. 1, 
p. 100. 

Distribution: India: Kashmir. Elsewhere its range extends over 
almost the whole of Europe, and the western parts of North Africa, Asia 
Minor, Syria, Iran and North America, New Zealand. Absent in Greenland 
and Iceland. 

Remarks: A very distinctly elongated form with 6 whorls, pointed 
spire, outer lip sharp and not expanded or retroverted, umbilicus closed. 
Hubendick (1951) stated that many names applied to this species, only refer 
to phenotypes, ecopbenotypes or microgeograpbical races i.e., single popu
lations, and must be rejected. In the· light of this, the two forms, namely 
minor Kobelt and kashmirensis Prashad described from 'Kashmir should be 
treated as variants only. 
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Subgenus Stagnicola Leach, 1830. 

Confined to North America, Northern Europe and Northern Asia. 
Obviously it is a cold water subgenus. The occurrence of this subgenus in 
Andhra Pradesh, South India is rather intriguing. 

143. Lymnaea tungabhadraensis Ray, 1967 
(Figs. 296, 297) 

Lymnaea tungabhadraellsis Ray, 1967, J. Conch., 104 (1): 4, fig. 1. Type locality: Main 
canal near Makdona village in the Tungabhadra project area, Kurnool district, Andhr~ 

Pradesh. 

Types: ZSI Regd. No. M 17602/3 (Holotype). 

Remarks: Shell elongate, conically turreted, post nuclear whorls 5, 
more intlated and rapidly increasing in size, s~ightly shouldered below 
sutures, aperture large, nearly half the shell length; outer lip thin and gently 
curved, inner lip greatly reflected over the columellar region forming a wide, 
smooth and triangular area occluding the umbilical pore. 

It was not reported after its original discovery. Ray (1967) did not 
study the soft parts. The record of a cold water species in such a warm 
place like Kurnool is puzzling and a study of its anatomy may throw some 
light on the real identity of the species. 

Family 11. ANCYLIDAE 

"Freshwater limpets" 

Shell small and cap-shaped or patelliform with a large aperture, animal 
completely covered by shell, foot broad and oval, tentacles short, blunt 
and cylindrical bearing eyes on their inner bases, pseudo branch on left 
and of numerous pieces, a penial stylet or flagellum opening into the vergic 
sac, genital and anal openings on left, hermaphrodite. 

World-wide in distribution. In India a single genus Ferrissia Walker. 

Found attached to vegetation in smatler ponds and ditches or on the 
stones or other debris in smaller rivers of moderate flow and streams. Not 
found in torrential streams. 
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258 259 260 261 

262 263 264 265 

Figs. 254 255. Ly mnae,a acumina.ta rule cen' . 29.65 X 1 .,45 mm Ch tanagpur, Bihar. 2. 
257. L. acuminata f. patula~ 22.90 X I t.O mm., Pune 25 25. L. acu,ninata f.., 'pi o. OJ 
11.20 mm,., Gurudaspur, PunJab. 260, 261. L acuminata f. malle,ata, 20 .. ·' X I .
Peshawar. 262, 263. L. acuminata f. graci!iQr. 22.95 X 9.90 mnl., Barrack _ r 
264 265. L. a,cuminata f. hians 10.80 X 5.40mm., alt Ran e. 



268 
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274 

FigS. 266, 267. ~ym1Ulea p,hyscus, Holotype,8.55 X 5.90 DUD., Shan States, Burma. 268>269. L. 
andersoniana, Holotype~~16~ ?< '6.35 mm., Hamtin. 270, ~71. L. nigricans 272. L. acumiiiata f. 
pseudohorae, Holotypet!~85 X :2.50 Rim." 273, 274. L .. horae, Syntypes, 5.45 X 3.0 mm.; 6.0 X 
2.7 mm., Assam. . 
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275 276 

279 280 281 

.284 

Figs. 275. 276. Lymnae,a luteola f.. typica, 24.65 X 14.10 mm. Ma ' r . 277,27 . . biacum;nata. 
Syntypes 7.85 X 9.90 mm .. , Secundrabad. 279., 280. L. luleola f .. austJr-al " . _' )( . 
Jumna tank. 281 282. L. luteola f. '~mpura 16.20 X 9.40 mm., B r _ ,0 " _ 
lu,teoia f. o valis, 12.6 X 8.35 mm.; 2.4 X 8 . .15 m . catc tt.W. I. 2 
Q,.,alior, 14.45 X 9.25 mm., Manipur. 
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Figs. 286 287. Lymnaea luteola f. succinea 18.42 X 8.45 mm .. , Bolar.am tank Secundera ad. 
288. L. mimetica, Syntypes. 6.20 X 2.40 mm., Inle, Shan States Bunn-a. 289. L. swinhoei 
20.35 X 10.70 mm., Formosa .. 290. L. peregra 20.45 X 1 L 10 mm. Kashmir. 291. L. truncatu.la 
8 30 X 3.60 :mm .. , Bombay. 



293 298 

295 296 297 299 

Fi,gs. 292,293 Lymnaea tagnali. 42.60 X 20.80 mm. 40.25 X 19.45 mm., rinagar 1 

294. L. laticallosa 15. 0 X 8.05 mm., Shan tate, 295. L. gedro ian,a rectUabrom. 
15...4 mm .. Nasratabad. 296, 297. L. (Stagnicoiaj tungabhadraen' " 0 typ , 1 
mm. KurnooL 298,299. L. bowelli. Holotype, 8.75 X 5.40 :mm., Gyang- , 
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304 

Fig. 300, 30t. ~mnae,a auricula~;(J 15.65 X 13.0 mm.; 14.'90 X 11.35mm", Tangitar. 302 
303. Lymrwea breviculo, 13.0 X 8,.45 mm.' 12.55 X 8.30 mm,., ,J()4 305. L. persic,a 25,.70 )( 
15.10 mm., New Delhi. ,306, 3(17. L. soHdissim,a 21.20 X 15.50 mm.; 20.70 X 15,.SOmm. 
Kashmir. 308,309. L. shanensis Holotype 10.3 X 4.85 mm., ,310. L. andersoniana f. simulans 
8.10 X 4.42 mm. Nepal. 



31.1 

312 

315 tmm 

Figs,. 311-313. Fer~iss,'a verntC,Q .3.75 X 2.25 X .10 mm." Manipu -. 
1.5 X .90 mm., NUgirts. 317 - 319,. F. viola, HollotYP,e, .05 X 1. 0 X 

3 9 

r. 
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322 323 325 

Figs. 320 321. Camptoceras terebra. 5.5 X 1.30 mm. Mogra, Hooghly Dist. W. Beng,al. ,322, 
323. C. lineatum 3.90 mm X 1.95 mm. Dacca, Bangladesb,. 324 325. C. au tent'. 6.40 X 1.70 
mm .. Dhaka B,angladesh. 
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Genus 30. Ferrissia Walker, 1903 

Ferrissia Walker, 1903, Nautilus, 17: 15. 

Type species: Ancyius rivu/aris Say. 

Shell with radial striae on apex, a flat pseudo branch and a penial stylet 
on the vergic sac, eggs laid on water plants or stones. 

Australia, New Zealand, South-east Asia and South-east Africa
World-wide (Brown, 1980). 

Annandale and Prashad (1921) who revised the Indian species preferred 
to treat it as a subgenus of Ancylus, but the recent anatomical studies have 
shown its position as a genus (Hubendick, 1964; Burch, 1965). 

The genus includes five species that are given below. No anatomical 
data is available on the Indian species and as such grouping them into sub
genera is not attempted. 

Key to the species 

1. Apex of shell sharply pointed, very little reflected; shell over 
5 mm.long ................................... , ............................. . F. ceyiallicus 

Apex blunt, rC!fiected to the right, shell less than 5 mm. long ...... '0' •••••••••••••••••• 2 

2. Greatest breadth of shell near the middle; outline of shell 
distinctly bilaterally asymmetrical ............................................ . F. verruca 

Greatest breadth of shell in posterior third; outline of shell 
almost bilaterally symmetrical ............................................. 0 ••••• 0 ••••• 0 • •••• 3 

3. Sides of shell not parallel; height much less than 1/3 of length ............ F. bacon; 

Sides parallel; height more than 1/3 of length .......... 0" •• 0 .. .. .. ... ... .. • .. .. .. .. ... ... 4 

4. Shell deep violet internally, with nlinute radiating striae ................... 0.... F. viola 

Shell dull yellowish internally, without distinct microscopic 
sculpture ... ......... ..................................................................... F.tenllis 

All the species are known by shell characters only. There is a general 
convergence of these characters and it becomes difficult to distinguish the 
species. Anatomical and biological studies are needed to distinguish the 
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species on a more rational basis. Hubendick (1958) made a thorough 
study of the anatomy of Ferrissia tenuis in particular and of the family 
Ancylidae in general. 

144. Ferrissia baconi (Bourguignat, 1853). 

AllCylus baconi Bourguignat, 1853, J. Conchyl. Paris, 4: 181. Type Jocality: "Cetle espece 
habitele Bengale". 

Aneylus (Ferrissia) baeoni: Annandale and Prashad, 1921, Rec. Indian Mus., 22: 592. 

Types: MNNH 

Distribution: India: Orissa, West Bengal; Burma: He-H 0 Gorge; 
the Philippines. 

145. Ferrissia ceylanica (Benson, 1864). 

Aneylus eeyiallicus Benson, 1864, Alln. Mag; Nat. Hisl., (3) 13: 139. Type locality: Ceylon, 
Hanley and Theobald, 1874, Conch. Indica, pI. 81, figs. 1, 4. 

Aneylus (Ferrissia) ceylanicus: Annandale and Prashad, 1921, Rec. Indian Mus., 22: 591. 

Types: ? 

Distribution: Manipur: Imphal; Sri Lanka. 

Remarks: It may be a variety of F. verruca Benson (see Annandale 
and Prashad, 1921 p. 592). Starmuehlner (1974) did not include any fresh
water limpet in his account on freshwater molluscs of Sri Lanka. 

146. Ferrissia tenuis (Bourguignat, 1862). 
(Figs. 314, 316) 

Aneylus tenllis Bourguignat, 1862, Spicil. Malae., 1862: 208. Type-locality: Nilgiris. 

Aneyius (Ferrissia) tenuis: Annandale and Prashad, 1921, Rec. Indian Mus., 22: 592. 

Types: MNNH 

Distribution: South J ndia, Maharashtra. 

Remarks: Snails are found in large numbers on the dried decaying 
leaves completely submerged in water. 
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In Gimvi village it was observed that the snail starts breeding from 
January onwards. Eggs are laid singly on decaying leaves in a gelatinous 
mass secreted by the snail. 

Parasites: This snail was considered as an intermediate host of human 
blood fluke, Schistosoma haematobium, in the endemic focus situated in , 
Gimvi village in the Ratnagiri district of Maharashtra. Gadgil and Shah 
(1955) reported that they were successful in infecting F. tenuis in the labo
ratory and I observed cercarial emission in large numbers though they did 
not find any natural infection. But it is still unconvincing whether this snail 
could serve as an intermediate host of a human schistosome. 

Brown (1980) did not find any evidence to implicate this species in the 
transmission of schistosomiasis in Africa. 

147. Ferrissia verruca (Benson, 1855). 
(Figs. 311,313) 

Ancy/us verruca Benson, 1855, Ann. Mag. /lat. Hist .. (2) 15: 12. Type locality: "Bhimtal 
Kemaonsem in palude prope, Moradabad, nivo Rajhera." Hanley and Theobald, 
1876, Conch. Indica, pl. 81, figs. 2, 3. 

Ancylus (Ferrissia) verruca: Annandale and Prashad, 1921, Rec. Indiall. 1\-/US., 22: 589, 
fig. 18B. 

Distribution: Throughout India and Sri Lanka, but sporadic 
(Annandale & Prashad, 1921). 

148. Ferrissia viola Annandale and Prashad, 1921 
(Figs. 317,319) 

Ancy/us (Ferrissia) viola Annandale and Prashad, 1921, Rec. Illdia" Mus., 22: 589, figs. 
18 A, 19. Type locality:' Loktak Lake, Manipur. 

Types: ZSI Regd. No. M 11718/2. 

Distribution: Manipur, Nagaland (Dimapur). Found on the lower 
side of floating grass stems in a small sluggish nluddy stream. 

Remarks: Sides of the shell compressed, anterior slope slightly convex 
and posterior slightly concave. Apex blunt, not elevated and situated 
in posterior third part. 
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Family 12. PLANORBIDAE 

Shell flattened, discoidal or planispiral, with small aperture, apex do 
not project above the plane, foot simple, elongate and tapers to a point 
posteriorly. A broad and short fleshy portion, called velunl, situated above 
the foot in its anterior region, velum bears the head, tentacles and eyes, 
tentacles filiform and flattened at their bases bearing eyes on the inner bases. 
The radula with a bicuspid central tooth, large bi-or tricuspid lateral 
teeth and long, narrow and multicuspid marginal teeth. 

The genitalia, the excretory and respiratory organs on the left side. 
The animal Inainly breathes by means of a lung, supplemented by an extra 
pulmonary appendage or pseudo branch or false gill situated on the left 
side close to the pallial aperture. 

Hermaphrodite; the penial complex variable, but always with a prepu
tiunl and a verge. The genital and pulmonary apertures situated on the left 
side. Eggs deposited in gelatinous mass attached to water weeds. 

Very widely distributed; essentially found in shallow waters and littoral 
regions. A few species may thrive well in large lakes or tanks, but majority 
confined to small ponds or ditches that get dried up during summer. 

In spite of some important contributions by Germain (1921-23), 
Annandale (1922) and Rao (1923), the taxononlY of Indian planorbids is 
still in confused state. Earlier descriptions of Indian forms were based on 
shell characters alone. The classification of Planorbidae is based on the 
genitalia and other anatomical characters (Baker, 1945). A study of these 
characters in Indian planorbids may necessitate rearrangement of species 
and some may lose their specific status. The anatomical investigations of 
Hubendick (1955), and Meier Brook (1979) are significant in this respect. 

In general the Indian planorbids have not received much attention. 
Annandale and Prashad (1921) attempted a generic revision of the Indian 
species. Most of the earlier studies were however, concentrated on the 
common and widely distributed Indian planorbid, Indoplanorbis exustus. 

The family is divided into five subfamilies but the Indian species fall 
under three subfamilies, namely Bulininae, Planorbinae and Segmenti
ninae. The classification is based mostly on the internal anatomy. But 
the Indian genera can be directly identified by their shell characters as given 
in the following key. 
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Key to genera 

1. Shell ovoid or elongate, acuminate Camptoceras 

Shell discoidal, apex and whorls in one plane ... ............ ...... ...... ... ... .. .......... 2 

2. Shell large, whorls rounded at periphery ... 1. •• • •• ••• • • • •••• •• • •• • • • • • • •• • • •• Indoplanorbis 

Shell snlall, usually not more than 5 mm. in diameter, whorls 
rounded or carinate at periphery ............................................................ 3 

3. Whorls narrowly coiled, last whorl large embracing a greater 
part of the preceding whorl, viewed ventrally only last whorl 
seen, aperture heart shaped ........... .... ............... ......... ..................... ... ... 4 

Whorls widely coiled, regularly increasing, last whorl pro
portionately large, embraces only a little part of the preced
ing whorl, viewed ventrally all whorls seen, aperture oblique 
or oval shaped ............... .................. ......... ... ..................... .................. 5 

4. Shell with internal lamellae or septa . ........ ... .. . . . . ... ... . .. . . . . .. . .. ... ... Segment ina 

Shell without internal septa Hippeutis 

5. Shell greatly depressed, carinate or subcarinate at the peri-
phery, three or four rapidly increasing whorls ........................... ...... Gyraulus 

Shell comparatively less depressed, usually round at the peri-
phery, whorls more than four ......... ... ..................... ... .... .............. Planorbis 

Subfamily BULININAE 

Shell ovoid or elongate and acuminate as in Camptoceras or disc
shaped as in Indoplanorbis, sinistral, when disc-shaped distinguished from 
shells of other subfamilies by the shape of the last whorl, large and dilat
ed forward to the aperture. 

Branchial process lobed, prostate gland compact and fan-shaped, 
verge introverted and coiled inside the verge sac (Malek & Cheng, 1974). 

Africa, Middle, Eastern and Southern Europe, India, Malay Peninsula, 
Sumatra and Japan. 

Includes two genera, Camptoceras and In doplan orb is. 
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Genus 31. Indoplanorbis Annandale and Prashad, 1921 

. Indopla1lorbis Annandale and Prashad, 1921, Rec. Indian Mus., 22 (4): 578. 

Type species: Pla1lorbis exustus Deshayes. 

Shell large and thick, sutures deeply impressed, aperture ear-shaped. 

Animal sinistral, foot relatively broad and short, leaf-shaped, broadly 
rounded anteriorly and pointed posteriorly, branchial process lobed. 

Genital aperture slit-like and relatively large, penis long, a simple 
cylindrical tube, no penial stylet. 

The genus is monotypic. 

149. Indoplanorbis exustus (Desbayes, 1834). 
(Figs. 326, 327) 

Planorbis exustus Deshayes, 1834, in Belanger, Voy. fildes-Orientales, p. 417, pI. 1, figs. 
11-13. Type locality: Malabar Coast. 

Indoplanorbis exustus: Benthem Jutting, 1956, Treubia, 23 (2): 471. Rajagopal and 
Subba Rao, 1968. Proc. Synlposillm Oil Mollusca, pt. ], p. 110. 

Distribution: Throughout the plains of India, Jammu & Kashmir; 
Pakistan, Persia, Sri Lanka, Burma, Malaya, Indo China, Thailand, Sumatra, 
Java, Celebes. 

Renlarks: Characters same as given for the genus. Annandale and 
Prashad (1921) discussed the impact of ecological changes on this species. 
There were several studies on this species-Biswas & Subramanian (1978a, 
b) on laboratory rearing and breeding and host-parasite relationship; Durani 
and Chaudhury (1967), Dutt and Bali (1977) on life-history; Kathuria et al 
(1956) on bionomics; Matta and Rai (1971) on metacercaria; Mulherkar 
and Rao (1963, 1964) on physiology; Nagabhushanam and Chintawar 
(1977a, b) ·on temperature tolerance and ecology; Ong and Khan (1974) 
on reproductive system and effect of parasitism; Rao, H. S. (1925) on 
·anatomy; Rao, M.B. (1944) and Islam (1977) on life-cycle; Sherbert and 
Lakshmi (1964a, b, c, d) on development and metabolism; and Michael 
(1966) on development. 

Parasites: A number of trematodes of horse, goat, sheep, camel, dog, 
buffalo and other cattle develop to cercaria] stage in this mollusc. Largest 
number of cercariae are recorded from this snail. The following are some 
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important parasites who use the snail as intermediate host :-Artyfechi
nostomum sufrartyfex, Schistosoma indicum, Schistosoma nasalis, Schistosoma 
spindalis, Fasciola gigantica, Paramphistomum Inehrai, Paramphistomum 
explanatum, Gastrodiscus secundus, Petagifer srivastavi, Plasmiorchis orien
talis, Pseudodiscus col/insi, Gastrothylax crunlenifer, Enterohaemot,.e~a 

paleorticum, Cotylophoron cotylphorum, Cotylophoron indica, Cotylophoron 
bhaleraoi, Cotylophoron mathurapurensis, Echinostoma sp. Besides these 
parasites, about 57 types of cercariae were recorded from this snail. 

Genus 32. Camptoceras Benson, 1843 

Camploceras Benson, 1843, Calcutta J. Nat. Hisl., 3: 465. 

Type species: Camptoceras terebra Benson, 1843. Annandale and' Prashad, 1920, J. & 
Proc. Asiat. Soc. Bellg., (N.S.), 16: 31. 

Shell sinistral, ovoid or elongate, apex rather acute, whorls 3-4, whorls 
angular or subangular and extremely oblique, suture very broad and deep, 
aperture elongate, not as large as the spire. 

Externally the animal very much resembles that of Gyrau/us, but distin
guished from it by a large anal siphon, and absence of penial stylet or 
flagellum. Foot short, not projecting beyond the aperture. 

,The ecology of the genus is not well known. It was found crawling 
slowly on weeds in a deep pool in the bed of river Ramgunga at Moradabad 
(Benson, 1855). It secretes an epiphragam to tide over unfavourable con
ditions (Annandale & Prashad, 1918). It is extremely local and hard to 
discover. 

The anatou"ty of Indian species is poorly known. Hubendick's (1955) 
studies however have shown that the genus belongs to the family Planor
bidae. There has been no recent collection of Camptoceras subspinosum 
and C. lineatum and hence it is not possible either to corraborate or to dis
agree with the statement of Hubendick (1955) that these species "cannot 
be definitely classified until their anatomy is knownH 

Distribution: Discontinuous and localised, in India, Burma, Thailand, 
Siberia and Japan. Includes four species from India. Annandale and 
Prashad (1918, 1920) discussed in detail the habits and taxonomic position 
of this genus. 

Key to the species (after Annandale and Prashad, 1920) 

I. Shell extremely elongate, at least three times as long as broad, 
without strong spiral sculpture ... ... ... ... ... .......... .... ...... .......... .......... .... .... 2 
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Shell irregularly ovate, less than three times as long as broad, 
sculptured with strong, some times subspinose spiral lines .............................. 3 

2. Shell less than 4 nun. long, with two whorls, aperture with 
narrow attenuate peristome, aperture less than half the length 
of the shell ......................... 0 • 0 •• 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • C. austeni 

Shell at least 8 mm. long, with four whorls, aperture with an 
incomplete narrow attenuate peristome, aperture equal to 
more than half the length of the shell ........................................... o. C. terebra 

3. Shell not more than 4.5 nun. long, with 2! whorls, suture 
well-defined and angulate at its margin ......... 0 •••••• 0 •••••••••••••• 0 ....... 0" C. lilleatum 

Shell more than 5 mm. long, with four whorls, suture much 
less well-defined and not so angular at the margins ... ... ... ... ... . . .... C. subspillosum 

Subgenus Camptoceras s.str. 

Type species: Camptoceras tel'ebra Benson 

150. Camptoceras aDsteni Blanford, 1871 
(Figs. 324, 325) 

Camptoceras austeni Blanford, 1871, J. Asiat. Soc. Beng., 40: 40, pI. 2. Type locality: 
Nazirpur, Shushong, Mymensingh Dist., Bangladesh. Annandale and Prashad, 1918, 
J. & Proc. Asia!. Soc. Beng., (NoS.) 14: 457, pI. ii, figs. 3, 3a. 

Types: Not known. 

Distribution: Bangladesh. 

Remarks: A rare species. Shell small with only 2 whorls, aperture 
irregularly ovate, inner upper margin comparatively less flattened than in 
c. terebra. 

The paratype figured by Annandale and Prashad (1918) is probably lost. 

151. Camptoceras terebra Benson, 1843. 
(Figs. 320, 321) 

Camptoceras terebra Benson, 1843, Calcutta J. Nat. Hisl., 3: 465. Type-locality: Ram 
Gunga, at Moradabad, D.P. Benson, 1855, Ann. Mag. Nat. Hist. (2) 15: 10, 
Annandale and Prashad, 1918, J. & Proc. Asiat. Soc. Beng.; (N.S.). 14: 457, pl. xii, 
figs. I, la (Paratype). 
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Distribution: Uttar Pradesh, West Bengal: Mogra (Hooghly Dist.) 

Remarks: Annandale and Prashad (1918) figured the paratype which 
should have been deposited in the Zoological Survey of India, but no 
such collection is available at present. 

A rare species, characterised by elongate elliptical shell and vertical 
aperture with flattened inner upper margin. 

Subgenus Culmenella Clench, 1927 

Type species: Culmellella hirasei Clench (Prashad, 1931) 

152. Camptoceras lineatum Blanford, 1871 
(Figs. 322, 323) 

Camptoceras lineatum Blanford, 1871, J. Asiat. Soc. Bellg., 40: 40, pI. 11, fig. 3. Type locality: 
Nazirpur, Shushong, Mymensingh Dist., Bangladesh. Gude, 1941, Fauna Brit. I"dia, 
Moll. 2: 464, fig. 144. Annandale and Prashad, 1921, Rec. IndialZ Mus., 22: 586. 

Types: Bl\1 (NH). 

Distribution: Manipur: Loktak Lake; Bangladesh: Mymensingh. 

Remarks: Whorls contiguous except behind the peristonle~ aperture 
oval and suboblique. 

153. Camptoceras subspinosuDl Annandale and Prashad, 1920 

Camptoceras subspinosunz Annandale and Prashad, 1920, J. & Proc. Asiat. Soc. Bellg., 
(N.S.) 16: 28, fig. 1, Type locality: HBetween Khanabal and Islamabad, Kashmir" 
(alt. 4000 to 5000 ft.) 

Types: ZSI Regd. No. M 11671/2. (Not available) 

Distribution: Kashmir. 

Remarks: According to Annandale and Prashad ( 1920) the types 
were deposited in the Zoological Survey of India and the Register also bears 
testimony to that effect. But the specimens are not available for study. 

Shell sculptured with subspinose spiral lines. 

Subfamily SEGMENTININAE 

Shell small, low, bright, smooth, glossy and discoidal, the last whorl 
embraces the shell, aperture heart-shaped, preputium ma~ .. beflr an appen-
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dage, one or t\VO external flagella on the vergic sac near its junction with the 
vas deferens. 

There are differences of opinion regarding the generic grouping within 
the subfamily. Baker (1945), and van Benthem Jutting (1956) recognised 
four genera namely, Seglnentina, Polypylis, Hippeutis and Helicorbis. Annan
dale (1922) proposed a new genus, namely Intha to include a burmese 
species. Pace (1973) recognised two genera namely, Segmentina and 
Hippeutis, including PO/YP),lis as a subgenus of the former and Helicorbis 
as a sub-genus of the latter and Intha was synonymised with Helicorbis. 

Following Pace (1973) only two genera are dealt here. 

Key to genera 

Shell with internal lamellae Segmentina 

Shell without internal lamellae Hippeutis 

Genus 33. Hippeutis Charpentier, 1837 

Type species: Helix /ol1tana Lightfoot, 1767. = Helix complanata Linnaeus, 1758. 

Shell similar to that of Segmentina, but flattened, without internal 
lamellae. Hermaphrodite, with preputial appendage. 

Europe, India, South east Asia, China, Taiwan, the Philippine Islands 
and Japan. 

Two subgenera-European Hippeutis and Oriental Helicorbis. The 
former is represented by one species in Kashmir. 

Subgenus Hippeutis s.str. 

Shell lenticular, vergic sac or penial sac with two short flagella, with 
accessory preputial appendage. 

154. Hippeutis (Hippeutis) fontanus (Lightfoot, 1786). 
(Figs. 336-338) 

Helix/ontana Lightfoot, 1786, Phil. Trans., 26 (1): 165, pI. ii, fig. 1. Type locality: Europe. 

Hippeutis fontanus: Rajagopal and Subba Rao, 1968, Proc. Symposium on Mollusca, pt. 
1, p. 112, pl. 1, figs. 5-7. 
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Distribution: India: Kashmir; Transcaucasia, West Siberia, Yarkand 
and Europe. 

Remarks: Shell fiat, transparent with prominent transverse striae, 
deeply open umbilicus. 

Inhabits still and undisturbed waters. 

Subgenus Helicorbis Benson, 1850 

Type species: Planorbis uI11bilicaiis Benson, 1836. 

Shell shnilar to that of Hippeutis but differs fronl that in having less 
carinate periphery of the shell, angularity close to or at the base but not in 
the middle as in Hippeutis. 

Penis without a stylet (van Benthem Jutting, 1956), verglC sac with 
a long flagella and duct connecting the proximal part of the preputium 
with the accessory preputial appendage (Pace, 1973). 

India, Burma, Eastern and Central China, the Philippines, Java and 
Sumatra. 

Two species. 

155. Hippeutis (Helicorbis) capitis (Annandale, 1922) 
(Figs. 330-332) 

lntlta capitis Annandale, 1922, Rec. Indian Mus., 24: 360. Annandale, 1925, Rec. I"dian 
Mus., 27: 111, fig. 3, Type locality: In]e Lake, Burma. 

Types: ZSI Regd. No. M 11997/2. (Holotype). 

(Annandale, 1922, p. 362 cited wrongly the Regd. No. M 11998/2). 

Distribution: Burma: Inle Lake, He-Ho Gorge, S. Shan states. 

Remarks: Shell minute, highly polished, whorls 3, a minute pinhole 
on the upper surface at the base of outerlip, a minute lobe at the origin of 
outer lip, aperture very large, inner lip with a broad callus extending on 
to the shell, lower surface quite flat, umbilicus narrow, externally with 
fine curved vertical striae. 
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Pace (1973) considered the genus Intha Annandale as synonymous 
with Helicorbis. As there is not Dluch generic distinction between the two 
Helicorbis is only taken as valid. 

156. Hippeutis (Helicorbis) umbilicalis umbilicalis (Benson, 1836). 
(Figs. 333-335) 

Planorbis umbilicalis Benson, 1836, J. Asiat. Soc. Beng., 5: 741. Type locality: Sylhet, 
Bangladesh. 

Planorbis caenoslis Benson, 1850, Alln. Mag. Nat. Hist., (2) 5: 349. Type locality: 
Moradabad, Uttar Pradesh. 

Segnlentina umbilicalis: Germain, 1923, Rec. Indian Mus., 21: 176, pI. 11, figs. 19-21. 

Helicorbis caenoslIs: Benthem Jutting, 1956, Trellbia, 23 (2): 479, fig. 134. 

Distribution: India: Uttar Pradesh-Kumaon Lakes; 'Vest Bengal, 
Assam; Burma; Indonesia. In the Manipur valley it is the most abundant 
occurring in the Loktak Lake and in ponds and swamps amidst dense vege
tation (Annandale, 1922). 

South east Asia, Southern China, Taiwan and the Philippines (Pace, 
1973). 

Remarks: Shell periphery bluntly angular, whorls roundly convex 
above. 

Pace (1973) discussed about this subspecies and another one, H. 
umhilicalis cantori (Benson), which according to him occurs in India also. 

Parasites. This species is incriminated as an intermediate host of 
Fasciolopsis buski, the definite host of which is pig and man. Pace (1973) 
has not recorded any parasite developing in this species, but mentions about 
other reports suggesting it as a possible intermediate host of Paragonimus 
westermani. But in Taiwan Fasciolopsis huski was found to develop in 
Segmentina (Polypylis) henlisphaerula Benson. 

Dutt & Srivastava (1972) were successful in experimentally infecting 
this snail (H. caenosus) with Gastrodiscoides homines, an intestinal parasite 
of man and several species of mammals, including the domestic pig. Human 
infections of this parasite were reported from Assam, Bengal, Bihar and 
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Orissa. Tripathi et ale (1973) reported experimental infection of this snail 
with Fasciolopsis huski. However, natural infection of this snail was not 
reported. Cercaria helicorbis was also recorded from this snail (Kumar & 
Jain, 1968). 

Genus 34. Segmentina Fleming, 1817. 

Segmentina Fleming, 1817, Edinburgh Encyclopaedia, Conch%g)" ed. VII. Vol. XII. 

Type species: by monotypy Nautilus lacustris Lightfoot = Planorbis nitidlls O.F. Mueller. 
Baker, 1945, The Molluscan Fan1i1y Plallorbidae, p. 96. 

Shell small and glossy, thin, whorls convex above and flattened below, 
deeply embracing the previous one, body whorl very large and carinate or 
angular, internal cavity divided by opaque, white, transverse laminae of 
enamel-like substance, aperture lunate or subtriangular, with three trans
verse parietal basal and upper labial lamellae. 

Mantle edge thickened. Radula with narrower teeth, smaller cusps 
and mUlticuspid laterals. Penial sheath without a horny stylet. 

North Africa, Europe, and Asia. 

The oriental forms are included in the subgenus Polypylis Pilsbry, 1906. 

Subgenus Polypylis Pilsbry, 1906 

Polypylis Pilsbry. 1906. Proc. A cad. Nat. Sci. Phi/ad., 58: 166. 

Type species: Segmentina largillierli Dunker. OD (=S. hemisphaerula Benson.) 

Shell less compressed than in Segmentina s.str. and not carinate, 
parietal laminae obliquely transverse, the others transverse, basal long, 
a shorter one in the outer wall, wide space between the lamellae. Preputium 
without a penial gland. 

Eastern China, India, Burma and the islands off their coasts. 

Represented by three species, namely Segmentina (Polypylis) calathus, 
S. (P.) taia and S. (P.) trochoidea. Benson's Planorbis caenosus was also 
assigned to this genus by Annandale (1922), but Prashad (1922) showed 
its affinity with Hippeutis !ontanus. 
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157. Segmentina (polypylis) calatha (Benson, 1850) 
(Figs. 339-341) 

Planorbis calathus Benson, 1850, Ann. Mag. nat. Hist., (2) 5: 348. Type locality: Mora
dabad, Uttar Pradesh. 

Segnlelltilla calatha: Germain, 1923, Rec. I1ldian Mus., 21: 168. 

Segmelltilla calathus: Prashad, 1922, Rec. Indian Mus., 24: 16. 

Distribution: Widely distributed in northern India; Uttar Pradesh, 
Bihar, West Bengal, Assam, Imphal and Mingyang Pukri in the Manipur 
Valley; Burma and Sri Lanka. 

Remarks: Shell with four whorls, impressed sutures, 
long with two short flagella 

Vergic sac 

158. Segmentina (polypylis) taia (Annandale and Rao, 1925) 
(Figs. 349, 350) 

Segmentina taia Annandale and Rao, 1925, Rec. Indian Mus., 27: 110, fig. 2. Type locality: 
Inle Lake, Burma. 

Type: ZSI Regd. No. M 12461/2 (Holotype). 

Distribution: Andamans; Burma: Inle Lake, Yawnghwe, South 
Shan States. 

Relnarks: Shell yellowish-brown, conoidal, flattened below and con
cave above, 4j. whorls, body whorl with abrupt slope towards the ventral 
surface, umbilicus minute and as a shallow pit, internal ridges visible from 
below in adult shell, aperture quadrate when viewed ventrally, ventral margin 
of peristome almost straight meeting the strongly arched and convex dorsal 
margIn. 

Distinguished from S. calathus by its more pronounced conoidal form, 
whorls gradually increasing in size, sides of the keel forming a small angle, 
straight lower or ventral margin, and greatly arched upper or dorsal 
margIn. 

159. Segmentina (polypylis) trocboidea (Benson, 1836) 
(Figs. 347, 348) 

Planorbis trochoide liS Benson, 1836, J. Asia!. Soc. Beng., 5: 742. Type locality: Barrack ... 
pore, near Calcutta. 
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Segmentina t,.ochoidea: Germain, 1923, Rec. Indian. Mus., 21: 175. 

Trochorbis trochoideus: Baker, 1945, The Molluscan Falnily Planorbidae, p. 108. 

Distribution: India: West Bengal-Calcutta, Barrackpore, Port 
Canning, Tamilnadu-Madras, Karnataka-Belgaum; Sri Lanka: Balapiti; 
Burma: Inle Lake. 

Remarks: Shell trochoid, much smaller than in S. ca/atha, whorls 
3j., periphery more acute, unlbilicus small or totally absent, apertural 
lamellae weak. 

Baker (1945) assigned it to a separate genus Trochorbis Benson, 1855, 
while showing its resemblance to Polypylis. Kennard and Woodward 
(1926) considered Trochorbis Benson a synonym of Segmentilla. Like 
many other planorbid species its anatomy is also not known and because 
of its resemblance to other species in shell characters, it is also grouped along 
with them in the genus Segmentina. 

Rensch (1934, p. 215) synonymised S. trochoidea with Po/ypylis ken
nardi (Bullen) and it ,vas supported by Benthem Jutting (1956). 

Parasites: Fasciolopsis busk; was found to develop in this snail In 
Assam (Mehra, 1980). 

Subfamily PLANORBINAE 

Shell discoidal, whorls distinct from each other, regularly increasing 
In size, upper and lower sides flattened. 

Prostate duct long and separated from the sperm duct, prostate 
diverticula simple and placed all along the duct. Verge may be with or 
without stylet. 

Genus 35. Planorbis Geoffroy, 1767 

Planorbis Geoffroy, 1767, Traite Coq., Paris, p. 12. 

Type species: Helix plalwrbis Linnael1s, by tautonomy (Baker, 1945). 

Planorbis: Baker, 1945. The Molluscan Family PlolZorbidae, The University of Illinois 
Press, Urbana. p. 51. 
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Shell discoidal with few whorls, coiled in a plane, body whorl with 
a carina on the upper side, aperture small, rounded or oval; right margin 
of aperture projecting beyond the left. 

Animal with a simple branchial process, radula long and narrow, 
cusps of teeth thin, penis short and swollen when retracted, asymmetrical, 
penis sheath with a thick walled preputium, with two retractor muscles. 
Verge without stylet. 

Throughout Europe, on east up to Western Russia, also northern Asia, 
Asia Minor and northern Africa. 

160. Planorbis planorbis tangitarensis Germain, 1918. 
(Figs. 353-355) 

Planorbis (Tropidiscus) planorbis var. tangitarensis Germain, 1918, Bull. Mus. Hist. nat. 
Paris, 24 (4): 267, Type locality: North Tangitar. 

Planorbis planorbis var. tangitarensis: Rajagopal and Subba Rao, 1968, Proc. Symposium 
on Mollusca, pte 1. p. 109. 

Types: MNNH. 

Distribution: Kashmir; Central Asia: Tangitar. 

Remarks: Shell compressed and flattened, angulation not very dis
tinct, spire showing distinctly all five whorls, aperture more contracted 
than in the typical form, and the under side less deeply sunk. 

161. Planorbis rotundatus Poiret, 1801 
(Figs. 356-358) 

Planorbis rotundatus Poiret, 1801, Coq. Ausne environs de Paris, Prodrome, p. 93. (non 
Planorbis rotundatus Brongniart). Raj ago pal and Subba Rao, 1968, Proc. Symposium 
on Mollusca, pt. 1, p. 109, pI. 1, figs. 2-4. 

Types: MNNH. 

Distribution: India: Kashmir; Siberia; Europe. 

Renlarks: Shell thick, rounded, whorls 5, gradually increasing, 
rounded without any angulation, aperture oval. 
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Genus 36. Gyraulus Charpentier, 1837. 

Gyrau/us (Agassiz MS) Charpentier., 1837, Neue Dellkschr. Allg. Sclzweiz. Gesell, 1, no. 2: 
21. 

Type species: Planorbis albus Mueller = Planorbis hispidus Draparnaud SD Dall, 1870. 
Annandale and Prashad, 1909, Rec. Indian Mus., 18: 52. Baker, 1945, The 
Molluscan Family Planorbidae, p. 65. 

Shell small, always less than 1 cm. in diameter, thin, greatly depressed, 
pale translucent or transparent, with three to five rapidly increasing whorls, 
without strong transverse ribs, with or without short, hair-like projections 
of the periostracum, with or without peripheral keel, body whorl 
at aperture slightly deflected, aperture oblique, simple lip. 

Radula with a bicuspid central tooth, bi-or tricuspid laterals and 
several sharp cusps on marginals. 

Mantle edge not thickened, the vas deferens continues into a narrow 
penis, verge with a well developed stylet. 

World wide, particularly in North America, parts of the West Indies 
and northern South America, Europe, Asia, Africa, Australia, Malaysia, 
Fiji, New Caledonia, the Philippines and other islands of the Pacific Ocean. 

Baker (1945) listed 33 species from India and Asia. Preston (1915) 
included 18 species from Oriental India. Excepting a few common species 
all the other species are very imperfectly known and hence a key could not 
be provided to the species of Gyraulus. 

A provisional arrangement includes nine species as given below. Details 
are provided only for the well-known species, giving only a list of other 
too little known species. A revision of the group could bring out the im
portant characters and validity of each species described from India. 

162. Gyraulus barrackporeDsis (Clessin, 1886) 

Planorbis barrackporensis Clessin, 1886, Linmaeiden: in Martini und Chemnitz's Syst. 
Conch. Cab., p. 125, pI. xviii, fig. 2. Type locality: Barrackpore. 

Planorbis hllttoni Clessin, 1886, Limnaeiden: in Martini und Chemnitz"s Syst. Cone". Cab., 
p. 139, pI. xviii, fig. 4. 

Gyraulus barrackporensis: Prashad, 1922, Rec. I"dian Mus., 24: 15. 
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Types: Mus. Berlin. 

Distribution: West Bengal: Barrackpore, Calcutta; Uttar Pradesh: 
Benaras; Tibet. 

Remarks: Whorls rapidly increasing, body whorl more rounded and 
more dilated at its extremity, aperture very oblique, shell thin, shining 
yellowi~h brown, fragile, subtransparent, sculptured with fine longitudinal 
striae. 

163. Gyraulus convexiusculus (Hutton, 1849) 

(Figs. 362-364) 

Planorbis convexiuscuills Hutton, 1849, J. Asiat. Soc. Beng., 18 (2): 657. Type locality: 
Afghanisthan. 

Planorbis saigonensis Crosse et Fischer, 1864, J. COllchyl. 11: 362, pI. xiii, fig. 7. Type 
locality: Saigon. 

Planorbis compresslls von Martens, 1867: in Weber Zool. Ergebn. Niederl. OSI. Ind., 4: 
13, pI. 1, figs. 17-22, pI. xii, figs. 7, 10. Type locality: Java. 

Planorbis demissus Westerlund, 1'885, Ur. Vega Expeditionens Vetenskapliga Jakattagelser, 
4: 204, pI. 4, fig. 16. Type-locality: Point de Galle, Ceylon. . 

Gyraulus conl'exiusculus: Benthem Jutting, 1956, Treubia, 23 (2): 463. 

Types: ? 

Distribution: A very common species occurring in lakes, ditches, ponds 
and rice fields. Its range extends from Iran to Philippines. 

Remarks: Maximum diameter rarely exceeds 5 mm, whorls 4 or S~ 
rounded, suture well defined, periphery subangul ate , closely and obliquely 
striate, umbilicus wide, all the whorls distinctly seen from above, aperture 
ovate-lunate. 

Radula with a well developed central, bearing sharply pointed cusps, 
inner laterals with two stout, sharply pointed cusps, outers with three cusps, 
marginals with four to six similar and slender cusps. 

Meir-Brook (1979) considers this as a subspecies of G. chinensis 
(Dunker). Bali and Dutt (1980) studied the life cycle. 
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Parasites. Larval forms of Gastrothylase crumenijer, Paramphistomum 
exp lana tum , Fasciola elongatus and other cercariae viz. C. chugathi, C. 
gyraulusi, C. rithorensis, C. furgolensis were recorded. 

164. Gyraulus eupbraticus (Mollsson, 1874) 
(Figs. 365-367) , 

Planorbis euphraticus Mousson, 1874, J. Conchyl, 22: 44. Type-locality: "La-Basse
Mesopotomie" 

Planorbis compressus Hutton (nee. Michaud), 1834, J. Asiat. Soc. Bellg. (2) 3: 93. 

Gyraulus euphraticus: Annandale and Prashad, 1919, Rec. Indian Mus., 18: 54, fig.7A, 8A. 

Types: Zoologischer Museum, Zurich. 

Distribution: Salt Range; 
Afghanistan. 

Essentiall y Palaearctic; Bal uchistan, 

Remarks: Superficially it resembles G. cOllvexiusculus but differs from 
it in being more compressed and more strongly carinte, shell larger, more 
opaque and more coarsely and irregularly sculptured, body whorl deviates 
from the spiral of the upper whorls. 

Annandale and Prashad (1919) discussed the affiinities of this species. 

Parasites. Larval forms of Echinostoma ilocanum, a parasite of rats 
and human beings and Diplodisus anlphicrus were recorded from this snail. 

Sewell (1922) recorded a few cercariae. 

165. Gyraulus labiatus (Benson, 1850) 
(Figs. 342-344) 

Planorbis labiatus Benson, 1850, Ann. Mag. nat. Hist., (2) 5: 350. Type locality: "In 
stagne prope urbem, Moradabad." 

Planorbis (Gyraulus) labiatus: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater 
Gastropoda & Pelecypoda), p. 119, fig. 5. 

Gyraulus labiatus: Annandale, 1925, Rec. Indian Mus., 27: 109. 

. Distribution: Tamilnadu: Mettupalayam; Maharashtra: Khandala; 
~a~hya -Pradesh; West Bengal: Calcutta; Burma: He Ho Gorge, Shan 
State~, 
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Remarks: Shell obliquely striated, whorls 3~-, sutures impressed, 
aperture oblique, heart shaped, body whorl with remarkable departure 
from the axis of previous whorls, whitish rib within the aperture. 

This was found along with Planorbis compressus Hutton and Benson's 
description of the G. labiatus also shows the similarity of the latter with 
the former. It is quite possible that both may be referred to one and the 
same species. 

166. Gyraulus ladacensis Nevill, 1878. 
(Figs. 359-361) 

Planorbis (Gyraulus) laevis yare ladacensis Nevill, 1878, Scientific Results Second Yarkand 
Mission, p. 10. Type locality: Ladakh. 

Gyrall/us ladacensis: Prashad, 1937, Rec. Indian Mus., 39: 273. 

Types: ZSI Regd. No. M 17822/3 (Syntypes). 

Distribution: India: Ladakh; Tibet. 

Relnarks: Shell quite solid, depressed, almost flat above and below 
with oblique longitudinal striae, 4! convex whorls, with a slope, separated 
by deep sutures, body whorl rounded, not angular, but slightly compressed 
in the middle towards the extremity, and a little dilated, quite widely and 
less deeply umbilicate, aperture less oblique, ovate, transverse, upper margin 
reaching a little beyond the columellar margin. 

167. Gyraulus pankongensis (von Martens, 1882) 
(Figs. 368-370) 

Planorbis pankol1gensis von Martens, 1882, Mem. Acad. Imp. Sci. St. Petersbourg, (7) 30 
(11): 45, pI. iv, figs. 14 a-c. Type locality: Lake Pankong, Tibet. 

Gyraulus pankongensis: Rajagopal and Subba Rao, 1968, Proc. Symposium on Mollusca, 
pt. 1, p. 111, pI. 1, fig. 1. 

Distribution: India: Kashmir; Tibet. 

Remarks: Shell solid, white or yellowish, with oblique longitudinal 
striae, subconvexabove, with a quite narrow central margin, whorls 3-3~, 
very rarely 4, convex, rapidly increasing, sutures deep, body whorl very 
large, convex above and below, neither carinate nor angular, well dilated, 
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some times more or less descending at the extremity, deeply umbilicate, 
aperture oblique, round with convergent and approaching margins united 
by a wide callosity, peristome interiorly bordered with a very clearly marked 
white thickening. 

168. Gyraulus rotula (Benson, 1850) 
(Fig. 328) 

Planorbis rotula Benson, 1850, Anll. Mag. l1at. Hist., 5: 351. Type locality: Moradabad, 
Uttar Pradesh. 

Planorbis (Gyraulus) Iiratus Westerlund, 1885, in Ur. Vega Expeditionens Vetenskapliga 
Jakatagelser, 4: 206, pI. iv, fig. 18. Type locality: Point de Galle, Ceylon. 

Planorbis (Gyrau/us) rotula: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gas
tropoda and Pelecypoda), p. 122. 

Distribution: India: Uttar Pradesh, Maharashtra; Sri Lanka; Thailand. 

Remarks: Whorls 3t, obsolete spiral striations, sutures impressed, 
periostracum thin, brightly, sometimes lightly tinted greenish, sculptured 
with longitudinal striae, sometimes strong enough to be called subcostae. 

Resembles very closely G. conllexiusculus but can be distinguished 
from it in having less number of whorls and a neatly rounded body whorl. 

169. Gyraulus saltensis Germain, 1922 

Planorbis (Gyraulus) saltensis Germain, 1922, Rec. I"dian MilS., 21: 127. Type locality: 
Salt Range, Punjab (Subfossil). 

Types: MNNH. 

Distribution: Not known beyond Type locality. 

Remarks: Shell well depressed, convex above and subconvex below, 
whorls 3j-, rapidly increasing, first ones very small and deeply sunk, body 
whorl very large and well dilated at the extremity, aperture very oblique. 

Germain (1922), while describing this new species, expressed a doubt 
regarding its validity and the need for the collection of more material for 
study. 
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1 70. Gyraulus velifer (Annandale, 1918). 
(Fig. 329) 

Planorbis veli/er Annandale, 1918, Rec. Indian Mus., 14: 112, pI. xi, figs. 7-11. Type 
locality: Inle Lake, Burma. 

Gyraulus veli/er: Annandale, 1925, Rec. Illdian Mus., 27: 108. 

Types: ZSI Regd. No. M 11288/2 

Distribution: Inle Lake, Burma. 

Remarks: Shell transparent, with very fine close-set regular transverse 
striae, whorls 3j, upper surface very slightly convex and the suture impressed, 
periphery faintly carinate, aperture large, broad, moderately oblique, edge 
of the lip sharply defined without thickening. 

Annandale (1918) himself pointed out that it may be a variety or phase 
of Gyraulus saigonensis which has been synonymised with G. convexiusculus. 

Preston (1915) included 18 species in the subgenus Gyraulus without 
any critical assessment. A list of species included by Preston (1915) and 
Germain (1921-24) which are of doubtful identity is given below. Further 
study and collections are needed to prove the validity of these species. 

1. Gyraulus sivalensis (Hutton MS) Clessin, 1884, Conch. Cab., p. 194, 
pI. 28, fig. 9. 

2. Gyraulus hohenackri Clessin, 1884, Conch. Cab., p. 205, pI. 31, fig. 7. 

3. Gyraulus himalayanus (Hutton MS) Clessin, 1884, Conch. Cab., p. 141,. 
pI. 20, fig. 8. 

4. Gyraulus elegantulus Dohrn, 1858, Proc. zool. Soc. Lond., 1858: 134, 
Sri Lanka. 

5. Gyraulus stelzneri Dohrn, 1858, Proc. zool. Soc. Lond., 1858: 134. 
Sri Lanka. 

6. Gyraulus hyptiocyclos Benson, 1863, Ann. Mag. nat. Hist., (3) 9: 89. 

7. Gyraulus cherraequris Godwin-Austen, Germain, 1921-24. Rec. Indian; 
Mus., 21: 129. 

8. Gyraulus nanus Benson, 1856, Germain,. 1921-24. Rec. Indian Mus. J 

21: 131, pl. ii, figs. 10-12. 
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class BIVALVIA 

order ARCOIDA 

Family 13. ARCIDAE Lamarck, 1809 

Subfamily ANADARINAE Reinhart, 1935 

The members of the family are primarily marine inhabitants. A few 
however, have successfully invaded brackish-and fresh-waters. Only genus 
Scaphula need to be considered here as a freshwater representative. 

Genus 37. Scaphula Benson, 1834 

Scaphu/a Benson, 1834, Proc. zool. Soc. Lond., p. 91. 

Type species: Scaphula celox Benson, 1836. SD. 

Shell small, equivalve, inquilateral, subtrapezoidal, elongate, smooth, 
lacking ornamentation over most of the shell surface excepting at the angle, 
posterior umbonal carina high and narrow, ligament external, hinge linear 
'with numerous subequal teeth, separated into two by the middle edentate 
portion of cardinal lamina, the laminar posterior teeth sometimes ramose, 
turning obsoletely and obliquely into the interior of the shell, muscular 
impressions distinctive, the lower one on the posterior side squarish. 

Ghosh (1922) described the anatomy of this genus. 

India: Gangetic delta, Mahanadi River; Burma: Irrawaddy estuary 
Tenasserim River; Thailand. 

Three species are distinguished by their shell shapes. Recently 
another species viz. Scaphula nagarjuni had been described (Radha Krishna 
and Janakiram, 1984). As I could not examine any specimens of this species 
(reported from Nagarjuna Sagar Lake, Guntur Dist. Andhra Pradesh) I 
have not included it in the present account. 
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I 71. Seapbola eel ox Benson, 1836 
(Figs. 371 .. 373 & 380, 381) 

Scaphula celox Benson, 1836, J. Asiat. Soc. Beng., 5: 750, pI. 7, figs. 2, 3. Type locality: 
Calcutta. Blanford, 1867, J. Asiat. Soc. Beng., 36 (2): 71, pI. iii, figs. 14, 15. Preston, 
1915, Fauna Brit. India, Mollusca (Freshwater Gastropoda and Pelecypoda), p. 129. 

Types: BM (NH). 

Distribution: Madhya Pradesh: River Cane, near Banda (Bundel
khand); West Bengal: Calcutta (Rabindra Sarovar, Kidderpore Docks). 

Remarks: Shell elongate, tumid, with parallel margins, hinge teeth 
15-20. 

172. Seapbula deltae Blanford, 1867 
(Figs. 374-376) 

Scaphula deltae Blanford, 1867, J. Asiat. Soc. Beng., 36 (2): 71, pI. iii, figs. 7-10. Type 
locality: Irrawaddy delta. 

Types: BM (NH). 

Distribution: India: Gangetic Delta, Rabindra Sarovar (Calcutta), 
Mahanadi River; Burma. 

Remarks: Distinguished from the other two species by its strong ribs 
parallel to the posterior keel and by the far greater tumidity of the valves, 
nearly twice as thick as the height. Unlike the other two species it is found 
occurring in brackish water, generally away from the sea. 

Under stones in creeks adhering by a byssus (B~anford, 1867). 

173. SeaphuJa pinna Benson, 1856 
(Figs. 377-379 & 382, 383) 

Scaphula pillna Benson, 1856, Ann. Mag. Nat. Hist., (2) 17: 129. Type locality: Tenas
serim River, Burma. 

Types: BM (NH). 

Distribution: Burma: Tenasserim River; Thailand. 
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Remarks: Shell elongately triangular, divided into two parts by a 
strong posterior carina running from the umbones to the podium, sculp
ture of fine radial sulci, dorsal margin curved, posterior end broader than 
the anterior one. 

order UNIOl'lIDA 

Superfamily UNIONACEA Fleming, 1828 

Shell generally equivalve and isomyarian except in Etheriidae; chiefly 
nacreous, ornamented, porcelain-white to bluish nacre, hinge normally 
with two cardinals and two posterior lamellar teeth on the left valve. 

Freshwater mussels of India are mostly known by their shell characters. 
Although Ghosh (1921) and Prashad (1918, 1919) studied the anatomy of 
various Indian genera there had been no serious attempt to apply these 
anatomical characteristics in the classification. Hitherto, the emphasis 
was given more to shell characters. Ortman (1910, 1911) proposed the 
classification based on anatomical characters. He however, observed that 
shell characters are useful in defining genera and species, but the higher 
taxa can be differentiated by using anatomical characters like structure of 
marsupium, larvae, etc. Haas (1969) suggested a recent classification based 
on conchological characters. But Heard and Guckert (1970) and Heard 
(1974) stressed the importance of soft-part anatomy, reproductive morpho
logy and habits in classification of freshwater mussels and describing their 
phylogenies. Recently Brandt (1974) provided a classification for the Thai
land freshwater mussels. Drawing conclusions from the anatomical studies 
made by Prashad (1918, 1919a, b), Bloomer (1931) and Ghosh (1921) the 
Indian and Burmese freshwater mussels are classified into four families 
viz. Unionidae, Amblemidae, Margaritiferidae and Etheriidae. 

Family 14. UNIONIDAE Fleming, 1828 

Shell equivalve, covered with a thick periostracum, umbones generally 
corrugatedly sculptured and with remnants of larval shell, umbonal cavity 
deep, ligament elongated and projecting, hinge with strong teeth, two car
dinals and two posterior lateral lamellar teeth in left valve and a single 
cardinal and lateral 'in right valve, gills with water tubes, marsupium occu
pying outer pair only or all the four gills. 
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Although Haas (1969) recognised six subfamilies all the Indian forms 
fall under one subfamily Unioninae. 

Subfamily UNIONINAE s.str. 

Shell equivalve, umbonal sculpture mostly concentric. 

Shell very variable and cannot be always taken as a reliable structure 
in classification above species level. Subfamilies, genera and subgenera 
are mainly distinguished using the gills and their relation to marsupium. 
Mantle margin around inhalent siphons and the larval form, glochidium 
are also useful in the classification of freshwater mussels. In this connec
tion studies by Prashad (1918, 1919) on the anatomy of Balwantia 
(=Solenaia), Parreysia, Lamellidens, Physunio and Pseudodon are worth 
noting. 

Although a few studies were made on the biochemistry, physiology 
and life cycles of a few freshwater mussels, especially Lamellidens and Par
reysia so far no attempt was made to make a revision of the group and study 
its zoogeography. 

Blanford (1866) made an attempt towards the revision of Indian 
unionids. He had pointed out the amount of variation exhibited by these 
molluscs and the difficulty in classifying them. But unfortunately, Preston 
(1912, 1915) did not refer to his work, wherein remarks were made on the 
possible validity of many Indian, Ceylonese and Burmese species. 

Prashad (1922) reviewed all the earlier works on Indo-Burnlese Unio
nidae and made a revision of the Burmese Unionidae. He recognised 26 
species endemic to Burma. No attempt was however, made to revise the 
Indian species. In spite of several gaps in our knowledge of this family 
an attempt is made here to present the taxonomic arrangement of the group 
as it is understood to-day and to introduce stability in the system of classi
fication. 

Preston (1915) included nine genera viz. Solenaia Conrad, Unio Retzius, 
Nodularia Conrad, Physunio Simpson, Pseudodon Gould, Parreysia Conrad, 
Lamellidens Simpson, rrapezoideus Simpson and Arcidopsis Simpson, But 
later studies by Prashad revealed that the species treated under Nodularia 
are to be included in the genus Indonaia, which is now synonymous with 
Radiatula Simpson. 
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The following eight genera viz: Solenaia, Arcidopsis, Oxynaia, Lanlel
lidens, Physunio, Pseudodon, Parreysia and Trapezoideus are formerly group
ed in the family Unionidae, According to Heard and Guckert (1970) these 
genera fall under two distinct families viz: Unioidae and Amblemidae 
Brandt (1974) also adopted the same system, However, the key given 
below includes all the eight genera irrespective of their family position. 
The genus Scabies has been included at a later stage and hence does not find 
a place in the key. 

Key to genera 

1. Shell soleniform, hinge toothless (edentulous) ................................. Solenaia 

Shell not soleniform, hinge with cardinal and lateral teeth ......... ..................... 2 

2. Shell elongate ... ................................................................................. 3 

Shell not elongate, but ovate or rounded or irregularly obovate 
or trapezoidal . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

3. Dorsal and ventral margins almost straight and parallel, 
cardinals short and supported by long fulcrum .............. .. ... .. ........ . Arcidopsis 

Dorsal and ventral margins not parallel, cardinals without 
any support ...... .......................... ....................................................... 4 

4. Shell comparatively narrower, posterior end pointed, cardi-
nals stout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Oxynaia 

Shell comparative1y broader, posterior end broad, cardinals 
compressed and elonga ted .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Lamellidens 

s. Shell ovate to elliptical, narrow anteriorly, posterior slope 
high and winged . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 

Shell subrhomboidal trapezoidal, posteriorly not winged ......... .......... .............. 7 

6. Umbones prominent with deep umbonal cavities, auxiliary 
tooth in each valve, a distinct supra anal aperture ........................... Physunio 

Umbones low with shallow umbonal cavity, single blunt 
cardinal without auxiliary tooth, no supra anal aperture ... ....... .. . ... .. ... Pseudodon 

7. Shell rounded to subrhomboidal, tumid, umbones high with 
radially zigzag ribs, cardinals vertically striate, compressed 

Shell trapezoidal, umbones less prominent, cardinals elongate, 

Parreysia 

without any striations ................................................ ............ Trapezoideus 
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Genus 38. Lamellidens Simpson, 1900 

Lal1zellidens Simpson, 1900, Proc. U. S. Ilalll. Mus., (Washington) 22: 854. 

Type species: UI1;O Inargilla/is Lamarck, 1819, ODe Annandale and Prashad, 1919, Rec. 
Indian Mus .• 18: 59. 

Shell elongate-elliptical, anterior end narrow and curving regularly, 
posteriorly broad, \vith a slight post dorsal wing, a low, often biangulate 
posterior ridge, and generally with two sharp, radiating lirae above it. 
Umbones with curved radiating ridges which may be slightly zigzag or almost 
concentric, fade out as they approach each other, periostracum smooth, 
shining, brownish or dark, often with concentric bands of lighter colour, 
nacre bluish-white to straw, left valve with two elongated cardinals and two 
laterals, right valve with two parallel, lamellar cardinals and one lateral. 

Exhalent aperture with a row of minute tubercles in its extreme lateral 
margins, inhalent aperture with a single row of short and stout tentacles. 

India, Bangladesh and Burma (six species, Prashad, 1922). Ghosh 
(1918) dealt in detail on the comparative anatomy of Lamellidens, Solenaia 
and Physunio, Prashad (1918, 1919) described the marsupium, glochidium 
and anatomy of Physunio, Lalnellidens, Parreysia and Radiatula ( =Indonaia) 

174. Lamellidens consobrinus (Lea, 1859) 

(Figs. 384, 385) 

Unio consobrinlls Lea, 1859, Proc. Acad. Nat. Sci. Phi/ad, 3: 331. Type-locality: China. 

Lamellidens consobrinlls: Prashad, 1921, Rec. Indian, MilS., 22: 608. 

Types: ANSP (Paratype), USNM (Holotype). 

Distribution: India and Sri Lanka. 

Remarks: Shell rhomboidal, thick, umbones more inflated than in L~ 
marginalis, dorsal margin curved and obliquely truncate, posterior side 
obtusely angled, anterior side rounded, left valve with two ragged cardinals, 
anterior large and more developed. 
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175. Lamellidens corrianus (Lea, 1834) 
(Figs. 386, 387) 
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Unio ·corrianus Lea, 1834, T,.ans. Amer. Phi/os. Soc., 6 (2): 65, pI. 9, fig. 25. Type locality: 
India. 

Lamellidens corrianus: Simpson, 1900, Proc. U. S. ,natll. Mus., 22: 857. Prashad, 1921, Rec. 
Indian Mus., 22: 609, fig. 29c. 

Types: USNM 

Distribution: Common throughout India, Bangladesh and Burma. 

Remark$: Shell narrow and elongate elliptical, umbones slightly 
inflated, periostracum smooth and dark brown, dorsal margin almost straight 
and long, two cardinals in each valve. 

Closely resembles L. marginalis but differs from it in being more trans
verse, umbones more turned up and the absence of light border on the ventral 
margin. 

Narain (1975) made observations on shell. Nagabhushanam and 
Lohgaonkar (1978) studied its biology. 

Lamellidens narainporensis Preston, 1912 (Figs. 402,403) and LanJelli
dens nongyangensis Preston, 1912 (Figs. 400, 401) and L. mainwaringi Pre
ston, 1912 may be treated as synonyms of this species. 

"Lea's original type is a young form of one of the varieties of marginalis 
approaching U. anodontina of Lamarck" (Blanford, 1866, p. 140). 

176. Lamellidens generosus (Gould, 1847) 
(Figs. 388, 389) 

Unio generosus Gould, 1847, Proc. Boston Soc. nal. Hisl., 2: 220, Type locality: Tavoy, 
Burma. . 

Lamellidens gene,.osus: Prashad, 1922, Rec. Indian Mus., 24: 107, pI. ii, figs. 12-17. 

Types: USNM 

Distribution: Burma. 
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Remarks: Shell solid, oblong-ovate, anteriorly rounded, posteriorly 
oblique, subrostrate, dorsal margin straight, ventral margin arcuate, pos
terior wing narrow in adults. 

Prashad (1922) gave a complete synonymy. 

177. Lamellidens indawgyiensis Prashad, 1930 
(Figs. 408, 409) 

Lamellidens indawgyiensis Prashad, 1930, Rec. Indian Mus., 32: 253, pI. viii, figs. 9, 10. 
Type locality: Indawgyi Lake, Burma. 

Types: ZSI Regd. No. M 13024/2 (Holotype), M 13025/2 (Paratype). 

Distribution: Burma. 

Remarks: Shell large (more than 100 mnl), elongate-ovate, rather 
thick, moderately inflated, surface with low, concentric ridges, umbones 
anterior, not prominent, dorsal margin almost straight, ventral margin 
somewhat arched, anterior end short and broad, posterior end rostrate, 
with well-marked post-dorsal wing. 

178. Lamellidens jenkinsianus (Benson, 1862). 
(Figs. 390, 391) 

Unio jenkinsianus Benson, 1862, Ann. Mag. Nat. Hist., (3) 10: 185. Type locality: "Ber
hampooter river, Assam." 

Lamellidens jenkinsianus: Prashad, 1920, Rec. Indian Mus., 19: 172. PI. IX, figs. 3, 4. 

Types: BMNH? 

Distribution: Upper Brahmaputra (Tezpur), Assam; Bangladesh, 
Dacca, 

Remarks: Shell transversely elongated, thick, tumid, anterior end 
short and rounded, posterior side sloping, right valve with two cardinals, 
lower long, thick and heavily built and very ragged, upper one usually thin, 
a single blade like lateral, left valve with a small pad-like tooth from the 
inner margin of the umbo, two lamellar teeth. 

Prashad (1920) gave synonymy and added to the earlier description. 



HANDBOOK: Freshwater molluscs of India 

179. Lamellidens jenkinsianos sub. sp. daccaensis (Preston, 1912). 
(Figs. 394-397) 

167 

Parreysia daccaensis Preston, 1912, Rec. Indian Mus., 7: 300. Type locality: Dacca. 

Lamel/idens jenkinsianlls sub. sp. daccaensis: Prashad, 1920, Rec. Indian Mus., 19: 173, 
pI. IX, figs. 5-8. 

Types: ZSI Regd. No. M 6105/1 

Distribution: India: Bhagalpur (Bihar); Assam; Bangladesh: Dacca, 
Mirpur, Nababgang (Jessore Dist.) and Sylhet. 

Remarks: Shell much shorter, broader, more convex, much more 
swollen, umbones more distinct and convex, dorsal margin more arched 
than in the typical form. 

180. Lamellidens jenkinsianos sub. sp. obesa (Hanley & Theobald, 1877) 
(Figs. 392, 393) 

Unio marginalis var. obesa Hanley and Theobald, 1877, Conch. Indica. p. 20, pI. XIII 
fig. 3. Type locality: Irrawaddy river, Burma. 

Lamel/idens jenkinsianus sub. sp. obesa: Prashad, 1920, Rec. Indian Mus., 19: 170, pI. IX, 
figs. 1.2. 

Distribution: Assam; Bangladesh; Burma. 

Remarks: Shell elongate, thick, convex, greatly inflated, posteriorly 
spatulate, anterior margin broad, regularly curved, posterior margin narrow, 
round, posterior ridge straight or slightly curved with a narrow post dorsal 
wIng. 

181. Lamellidens lamellatus (Lea, 1838) 
(Figs. 398, 399 & 410, 411) 

Unio lamellatus Lea, 1838, Trans. A mer. Phil. Soc., 6: 19, pI. vi, fig. 16. Type locality: 
Bengal. 

LanJellidens lamellatus: Prashad, 1922, Rec. Indian Mus., 24: 108. 

Types: ANSP 

Distribution: Burma. 
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Ren1arks: Shell in general as in L. scutum but differs from it in being 
less elongate and in having low umbones and more prominent "wing" 

182. Lamellidens marginalis (Lamarck, 1819) 
(Figs. 404, 405) 

Unio margillalis Lamarck, 1819, Hist. Nat. Anim. Sans. vert., 4: 79. Type locality: Bengal. 

Lamellidens marginalis: Simpson, 1900, Proc. U.S. natll. Mus., 22: 854. Prashad, 1921, 
Rec. Indian Mus., 22: 606, fig. 29A. 

Distribution: Widely distributed in India; Bangladesh; Burma; Sri 
Lanka. 

Remarks: Shell oblong-ovate, thin, very smooth, periostracum 
blackish-brown and shining, light brown border along the ventral margin, 
posterior side broad, roundedly angular, produced, wing very narrow, 
dorsal margin a little curved, anterior side short and narrow, ventral mar
gin slightly contracted in the middle, hinge with two cardinals in the right 
valve, lower better developed, a single lateral and trace of a second one, 
left valve with one feebly developed cardinal, two curved lateral teeth. 

Preston (1915) dealt about 12 varieties of this species; two of them 
are now treated as distinct species and the rest of them may be simple 
variations and are not worth of any recognition. 

183. Lamellidens phenchooganjensis Preston, 1912. 
(Figs. 406, 407) 

Lamellidens phenchooganjensis Preston, 1912, Rec. ]Ildian Mus., 7: 306. Type locality: 
Phenchooganj, Central Sylhet (Bangladesh) 

Type: ZSI Regd. No. M 4368/1 (Holotype) 

Distribution: Bangladesh. 

Remarks: Shell elongately ovate, dark blackish-brown, umbones fiat, 
anterior side angled above, gently rounded below, posterior margin obtusely 
rounded, antero-dorsal margin gently sloping, postero-dorsal margin more 
rapidly sloping in a slight curve. 
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Figs. 371-373. Scaphula celox. 9.83 X S.18 mm., Orissa. 
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374-376. S. deltae, 8.30 X 3.11 mm., BalJygunge Calcutta. 
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377-379. S. pinna, 9.60 X 4.20 mOl., Burma. 
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.Fig . 380 381. S. celox 382,383. S. pinna 384, 385. LameUidens consobrinus, 96,.65 X 53 
mm., Pune, M,aharashtr,a. 386, .J 7. L. corrianus 95.70 X 48 . .35 mm., Bihar. 388, ,389 L. 
g.erle~osu ' . 101.90 X 61.70 mm. Burma. 
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Fi 1. Lamellidens uvainp rem ' '. H II 'type 79.20 X 34.70 mm .• Narainpur M'UfS 'cIa 
I 2 O . L.. nongyeflgen . ,HoI ,type, 9 .25 X 46.70 mm.1 Nongyang ,S. of Patk,ai. 404" 405. L. 

mar inali. 7.70 X 3 . 5 mm., Andh a rade. h. 406 407. L. phenci,ooganjensis, Ho)otype .. 
8.20 X ' .35 m . Phenchuganj'e Sylhet. 408, 409. L. inda~gyensis Ho otype 10725 'X 57.30 

mm. Indawgy L , Burma. 
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4 0,4 1. Lamellidens iamella,tu , ype, Gange R .. , ndia. 65.5 X m. 
cutum... A X 49.1 mm. Rangoon. 4 4, 41 . Arcidop i fi t i. N mn ., 

Satara, M,aharashtra. 416, 417. Phy' um~Q v lan's. X 29. 5 mm. ' m. 
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Figs. 41 419. Pseudodon (Tn' o,rlodOrl)crebristriatus/lS. 5 X 42.l0mm. Burma. 420 42. 'hysunio 
m;cropteroide . 62.23 X .39.90 mm. Cambodia. 422 423. P. eudodon l rigonodon) pegue1lS ' 
55.5 X 39.05 mm., Burma. 424 25. P. eudodon (P.' eudodonJ inocularis 43.28 X 28.90 mm., 
Burma. 
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Fig. 426, 427. U. ocoata ,Type, ' X 21 mOl. B_n al In i . 42 ; 42 .. 1.:' , 

34.6 X 20 mm. India. 430, 431.. MOTlocolldy l a i"o u/,ari' pe, 
,alween, Tavoy. 432 4 ' . Un;, fi liaceu Type. 2.7 X 2 .0 mm .. _ a 
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ig 434 435" p. eudo,d n . ,aiwenianus 67.95 X 46. 0 mm , Burma. 436, 437, P. eudo.don a a 
87.80 X 54.15 mm, urma. 438, 439. Acostaea daly'; 45.90 X 4 ,40 mm" Koyna Vaney. 
Satara. 440, 441. Pseud<iJdon vQndembuch iana .70. 0 X 4 .1 Smm .. , Philippines. 
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Figs. 441a, 4418. Oxyna;a pugio 23.79 X 14.25 mm. A. an . 
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184. Lamellidens scutum (Sowerby, 1868) 
(Figs. 412, 413) 
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Un;o scutum Sowerby, 1868, in Reeve's Conch. leon., 16: Unio pI. xciv. fig. 510. Type 
locality: Tenasserim. 

Lamellidens marginalis vars. ZOllata (p. 177), sublalnellala (p. 181), subsp. scutu"" var. 
humilior (p. 181) Preston, 1915, Fauna Brit. India. Mollusca (Freshwater Gastropoda 
and Pelecypoda) pp. 177, 181, figs. 1-3. 

Lamel/idens scutum: Prashad, 1922, Rec. Indian MilS., 24: 108. 

Types: Unio scutum in BM (NH). Lamellidens marginalis var. sub
lamellata Preston is in ZSI Regd. No. M 4711. 

Distribution: Burma. 

Remarks: Shell elongate, oblong, thick, rather indented in the middle, 
very inequilateral, uniformaly pitch colour, smooth, umbones slightly 
projecting, anterior end narrow, posterior end broadly rostrate, two carinae 
on each valve extending from the umbones in a posterodorsal direction, 
dorsal margin curved, ventral margin scarcely rounded anteriorly but more 
curved posteriorly. 

Genus 39. Arcidopsis Simpson, 1900 

Arcidopsis Simpson, 1900, Proc. U.S. lIatn. Mus., 22: 861 

Type species: Unio foate; Theobald, 1976, OD 

Shell elongate with almost straight dorsal and ventral margins, poste
rior slope ill defined; periostracum black, surface with fine concentric 
and radial ridges; cardinals strong, short, supported by riblike fulcrum; 
lamellar teeth short, muscle scar well impressed, pallial line distinct. 

India. Monotypic 

185. Arcidopsis footei (Theobald, 1876) 
(Figs. 414, 415) 

Unio footei Theobald, 1876!, J. Asia/. Soc. Beng., 45: 187, pI. 14, figs. 9, 9a. Type locality: 
'Gutparba falls, Krishna river. 
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Arcidops;s foote;: Preston, 1915, Fauna of British India, l\{ollusca (Freshwater Gastropoda 
and Pelecypoda), p. 196. 

Types: Prashad (1920) raised doubts as to the existence of types and 
hence created neotypes (Reg. Nos. M 7673/1, M 7675/1) which are present 
in Zoological Survey of India. The specimen bearing No. M 7676/1 is 
however, not traceable now. 

The neotypes were collected by Dr. F. H. Gravely in April, 1912 at 
Taloshi in the Koyna Valley, Satara district, Maharashtra at an altitude 
of about 2.000 ft. 

Distribution: River system of Western Ghats. 

Remarks: Shell elongate, a strong ridge running back and down from 
the beaks, ventrally strongly compressed in the anterior region. 

Prashad (1920) commented on the relationships and type-locality of 
the species and added to the previous descriptions. However, no soft parts 
were studied as the collection included shells only. 

Genus 40. Oxynaia Haas, 1913 

Type species: Unio jourdy; Morelet, 1886 on 

Shell elongate, rounded anteriorly and pointed posteriorly, posterior 
slope low, umbones prominent, with zigzag ridges on oldest part, cardinals 
stout, laterals slender. 

South-east Asia. 

186. Oxynaia pugio (Benson, 1862) 
(Figs. 441 A, 441 B) 

Unio pugio Benson, 1862, Ann. Mag. Nat. Hist., (3) 10: 193. Type locality: "in region 
Ava." 

Oxynaia pugio: Prashad, 1922, Rec. Indian Mus., 24: 96. 

Types: ? 

Distribution: Burma: Tenasserim, Pegu, Sawaddy River, Maydong. 
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Remarks: Very short anterior and posterior margins, strongly marked 
and angled posterior ridge running to the cuneate posterior margin, right 
valve with two cardinals, a thin, lamellar anterior one and a thickened, 
triangulate and more or less canine shaped posterior one, left valve also 
with two cardinals, a small anterior separated by a deep cavity from the 
elongate posterior one. 

Family 15. AMBLEMIDAE Rafinesque, 1820 

Shell of medium size, generally thick, tooth shaped or lamelliform 
pseudocardinals, posterior laterals, muscle scars as seen in Unionidae. 

Differs from Unionidae mainly in the soft part anatomy, all four de
mibranchs marsupial, gills with continuous interlamellar septa and water 
tubes. Glochidia hookless, relatively long parasitic life. 

Cosmop olitan distribution 

The Indian species fall under three subfamilies viz. Ambleminae, 
Parreysiinae, and Rectidentinae. Hitherto all these were grouped in the 
family Unionidae. 

Subfamily AMBLEMINAE s.str. 

Shell broadly oval, with a short wing, gills with well developed and 
continuous septa and water tubes. Short term breeders retaining glochidia 
for a short while i.e. tachytictic. 

Two genera viz. Pseudodon and Solenaia are known from India and 
adjacent countries. The two genera can be easily distinguished from each 
other by the shell shape. In Pseudodon the shell is elliptical with a wing 
but in Solenaia it is soleniform and elongate. 

Genus 41. PseudodoD Gould, 1844 

Pseudodon, Gould, 1844, Proc. Bosto". Soc. Nal. Hisl., 1: 161. 

Type species: Anodon inoscu/aris Gould, 1844 ODe 

Ovate to elliptical, moderately inflated, very inequilateral, ornamented 
with W -sbaped wrinkles, posterior slope high, well defined, with a com
pressed "wing" ornamented in some, periostracum dark brown or black; 
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single, blunt, mostly blade-shaped cardinal in each valve, umbones little 
projecting and little inflated, umbonal cavities shallow. 

East Asia and South-east Asia. 

Three subgenera viz. Pseudodon, Indopseudodon and Trigonodon from 
India and adjacent countries. 

Subgenus Pseudo don s. str. 

Elliptical, thick, ventricose, with distinct posterior slope, which may 
be alate and crossed with wrinkles, cardinals heavy and rounded above. 

China and South east Asia. 

187. Pseudodon (Pseudodon) inoscularis (Gould, 1844) 
(Figs. 424, 425 & 430, 431) 

Anodon illoscularis Gould, 1844, Proc. Bost. Soc. nat. Hist., 1: 160. Type locality: 
Salween river, Burma. Hanley and Theobald, 1876, Conch. Indica, p. 5, pI. 9, fig. 2. 

Pseudodon (Pselldodon) inoscularis: Simpson, 1900, Proc. U.S. natn. Mus., 22: 837. Preston, 
1915, Fauna Brit. India. Mollusca (Freshwater Gastropoda and Pelecypoda) p. 152. 

Types: USNM 

Distribution: ~urma: Salween river, Tenasserim 

Remarks: Shell transversely oblong, thick, anterior side short and 
round, posterior side truncate, ventral margin arcuate. 

Prashad (1922) made a few remarks on the status of this species and 
treated it as a variety of P. vondembuschiana. (Figs. 440, 441). 

Subgenus Trigonodon Conrad, 1865 

Type species: Monocondylaea crebristriata Anthony, 1863 ODe 

Shell rhomboid, solid, compressed, surface irregularly and concentri
cally wrinkled, cardinals heavy, triangular, auxiliary tooth in each valve. 

Burma, Inodnesia. 
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Two specIes, differentiated mainly by the shape. Both the species 
may be varieties of one and the same species. In such a case P. (T.) 
peguensis should have the priority (Prashad, 1922). 

188. Pseudodon (Trigonodon) crebristriatus (Anthony, 1865) 
(Figs. 418, 419) 

Monocondylaea crebristriata Anthony, 1865, Amer. J. Conch., 1: 205, pI. 18. fig. 1. 
Type locality: Pegu. 

Pseudodon (Trigonodon) peguensis var. crebristrititus: Preston, 1915. Fauna Brit. India, 
Mollusca (Freshwater Gastropoda and Pelecypoda), p. 150. 

Trigonodon peguensis var. crebristriatus: Prashad, 1922, Rec. Indian Mus., 24: 98. 

Types: MCZ (Holotype), ANSP (Paratype). 

Distribution: Burma: Pegu. 

Remarks: Shell elongately rhomboid, more compressed with more 
strongly marked sculpture, umbones a little more inflated than in P. 
peguensis. 

189. Pseudodon (Trigonodon) peguensis (Anthony, 1865) 
(Figs. 422, 423) 

Monocondylaea peguensis Anthony, 1865, A/ner. J. Conch. 1: 205, pl.I8, fig. 2. Type locality: 
Pegu. 

Pseudodon (Trigonodon) peguensis and var. cllrvata: Preston, 1915, Fauna Brit. India, Mol
lusca (Freshwate~ Gastropoda and Pelecypoda), p. 150. 

Tr;gonodon peguensis: Prashad, 1922, Rec. Indian Mus., 24: 98. 

Types: MCZ (Holotype), ANSP (Paratype). 

Distribution: Burma: Pegu. 

Remarks: Shell thick, less elongated, smooth, posterior side sub
truncate and corrugated. 

Subgenus Indopseudodon Prashad, 1922 

Type species: Anodon salwenianlls Gould, 1844 
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Shell elongate-rhomboid, comparatively high, thick, inflated, anterior 
end short and low, posterior long and high with distinct posterior slope, 
left valve with one cardinal, right with two. 

Burma. 

190. Pseudodon (Indopseudodon) ava (Thoebald, 1873) 

(Figs. 436, 437) 

Monocondylaea avae Theobald, 1873, J. Asiat. Soc. Beng., 42 (2): 209, pI. xvii, fig. IS. 
Type-locality: Ava, Burma. 

Pseudodon (Bineureus) ava: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gas
tropoda and Pelecypoda), p. 153. 

Indopseudodon ava: Prashad, 1922, Rec. Indian Mus., 24: 99. 

Type: BM (NH). 

Distribution: Burma: Mandalay. 

Remarks: Shell more elongate, surface smooth, posterior end more 
pointed and without any plications. 

191. Pseudodon (Indopseudodon) salwenianus (Gould, 1844) 

(Figs. 434, 435) 

Anodon salwenianus Gould, 1844, Proc. Boston, Soc. nat. Hist., 1: 160. Type loca1ity: 
Salween River. 

Pseudodon salwenianus: Preston, 1915, Fauna Brit. India, Mollusca, (Freshwater Gastro
poda & Pelecypoda), p. 152. 

Indopseudodon salwenianus: Prashad, 1922, Rec. Indian Mus., 24: 99. 

Types: USNM. 

Distribution: Burma: Tenasserim river. 

Remarks: Shell of considerable length, posterior WIng with strong 
plicate sculpture, posterior end broad. 
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Genus 42. Solenaia Conrad, 1868 

Solenoia Conrad, 1868, Am. J. Conch. 4: 246. Type species: Mycetopus emarginatus 
byO.D. 

Balwanlia Prashad, 1919, Rec. Indian Mus., 16: 290, text fig. 1. Type species: Anodoll solelli
formis Benson, O.D. Monotypy. 

Shell elongate and soleniform, thin, anterior end narrow and gaping, 
posterior margin broad with low slope, umbones not prominent, hinge line 
narrow, teethless, only vestigial laterals, foot large, anterior end swollen 
in the form of a bowl. 

The genus includes three species viz: Solenaia soleniformis (Benson) 
from India, Solenaia emarginata (Lea) from Thailand and Solenaia irideneus 
(Heude) from China. Because of their shell similarities all the three species 
are included together in the same genus (Heard, 1976). Only the Indian 
species is· known by its anatomy and larval forms. 

192. Solenaia soleniformis (Benson, 1836) 
(Figs. 442, 443) 

Anodon soleni/ormis Benson, 1836, J. Asial. Soc. Beng., 5: 750. Type locality: Assam. 

Solenoia soleni/ormis Simpson, 1900, Proc. U. S. natn. Mus., 22: 656. Preston, 1915. Fauna 
Brit. India Mollusca (Freshwater Gastropoda and Pelecypoda) p. 132. 

Balwantia soleni/ormis: Prashad, 1919, Rec. Indian Mus., 16: 290, text fig. 1. 

Distribution: Eastern India (Assam), Daleswari, in Barak fIver, 
Cachar. 

Remarks: Shell valves strongly compressed, margins very sharp. 

Ghosh (1918) studied the anatomy, Godwin-Austen (1919) and 
Annandale (1919) added notes on the burrows and habits of animals. 
Prashad (1919) added more information on its anatomy and Hora (1916) 
made interesting observations on its distribution and burrowing habits. 

Subfamily PARREYSIINAE 

Shell oval or rhomboidal, medium or small sized; umbones sculptured 
with 'U' or W shaped lines giving a corrugated appearance, marsupia in all 
four gills. 
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South, East and South-east Asia. 

The Indian and burmese species may be grouped under two genera viz .. 
Parreysia and Scabies. 

Genus 43. Parreysia Conrad, 1853. 

Parreysia Conrad, 1853, Proc. A cad. nat. Sci. Phi/ad., 6: 267. 

Type species: Unio Inultidentatus Philippi, 1847 ODe 

Shell heavy and inflated, rounded to subrhomboidal, with distinct 
radial zigag ribs on beaks, periostracum smooth; cardinals heavy, ragged 
or vertically striate, lamellar teeth short, cavity of beaks somewhat deep. 
All four gills marsupial, supra anal opening rather widely separated from 
the anal, the inner lamina of the inner gill entirely connected with the ab
dominal sac. 

Ortmann (1910) distinguishes this genus from others and opines that 
it is somewhat similar to North American genus Quadrula. Preston (1915) 
lists 20 species and varieties of Parreysia. So far no attempt has been made 
to make a systematic revision of the genus. However, bioch.emical, and 
biological studies are conducted on a few common species. 

India, Burma and other South-east Asian Countries and Africa. 

Two distinct subgenera viz Parreysia and Radiatula 

Key to subgenera 

Shell with centre of ventral margin swollen, thick, strong beak 
sculpture 

Shell with almost straight ventral margin, comparatively thin, 
beak sculpture not strong, surface covered with radiating or zigzag 

Parreysia 

shaped or divaricate ridges . . . .. . . .. . . . . .. . .. .. .. .. . ... .. ... . . .... . ..... . .. ... . . . . . . ... Radiatula 

Subgenus Parreysia s. str. 

193. Parreysia (Parreysia) annandalei Preston, 1912. 
(F~gs. 444, 445) 

Parreysia annandalei Preston, 1912, Rec. Indian Mus., 7: 302, Type locality: Gowhatty~ 
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Holotype, 41.0 X 29.0 mm.. auhati" A am. 44 , 447. P. bharn 
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Figs. 450, 451 _ Parrey ia corrugata nagpoorensis 29.30 X 2 ,.50 mm. Orissa,. 452 453. P. 
cor.rugat,a lQ,e"iroslri ~O.65 X 3.80 mm ,Chitta,gong, ,anglade h. 454, 455. p~ corbi I 2 . ' X 
15.45 mm., Ass,am. 456 457 P. javidens pinax. 46.80 X ,28.60 mm. Bih,a'r. 
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46 . P. cylindrica Paratype, 43.65 'X 25.25 :mm. ahar,ashtr'. 462. 4 
31.0 mm. Bhamo. 464 465. P c.hoprae. H 1 type, 9,.65 X 0.55 'mm .. , 
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Figs. 466,467. Parreysia faviden , 47.70 X 34.30 mm., Assam. 468,469,. P.faviden a amen i . 
Paratype, 56.55 X 3 .50 mm. Ass,anl. 470 471. P. faVldens deltae, 61.40 X 4.5 mm., Utt.ar 
Pradesh. 472 473. P. /avfden plaglO oma , .15 X 26.60 mm., W. Beng,al. 
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Figs. 474 475. Parrey ;a laviden viridula. 9. X 2, .' m 1 ., ih r. 7, 77, . j> /' ' ll i . 
32.40 X 24.SOmm., Bhamo Burm,a.47 . 479. P. II llrtg.da,.all;cu~. X 
Burma .. 4 0 4 1. P. feae. ' otype 42. X ' 4.90 mm. na 
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Figs. 482,483. Parreys;a wynegungaensis. Type USNM No. 8532 Wynegunga R.,! eccan. 
484, 485 .. P. fa~ide.ns. 40.15 X 34,. 0 mm A am. 486" 487. P. rugo' a 50.. 5 X , 2 50 mm. 
I' arnataka' 4 8 4 9, P. ' i'kkimensis 31.15 X 22.80 mffi., Assam. 
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ig .490. 491 Parrey ia Q,lil'acea Holo type , 38.45 X 23. 5 m ., Burm . 
Type, USNM No. 84638, 35.7 x 2 . ', m:m., ,ajah" ta k I ndia ' 
56.15 X 36,.85 mm. Nangyong ak,e. 
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Fig~. 496, 497. P. owhauensis 40.35 X 26.9:5 mm., Gowhatty. 498 499. Rarreysia f · marcens. 
61..5 X 41.20 mm Cachar,. 500, SOt. ,po mande,layensis,41..0 X 1.40 mm,. Burma. 502 50 ,. 
P. tavoyensis~46.40 X 36,.0 m'm. T~voy. 
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Fig. 5 5. Parrey i maragdit I .7 X 7. . I,; 11ft lu , 
4l. mm., leg I. 
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Types: ZSI Regd. No. M 2490/1. 

Distribution: Assam. 

Remarks: Shell oval, convex, coarsely and concentrically ribbed, 
periostracum brownish olivaceous, umbones not prominent, dorsal margin 
arched, ventral margin considerably rounded, anterior side sharply rounded, 
posterior side bluntly subrostrate. 

194. Parreysia (Parreysia) bhamoensis (Theobald, 1873) 
(Figs. 446, 447) 

Unio bhamoensis Theobald, 1873, J. Asia!. Soc. Beng., 42 (2): 207, pI. xvii, fig. 1. Type 
locality: Near Bhamo, Pegu, Western Prome. 

Parreysia bhamoensis: Simpson, 1900, Proc. U. S. natn. Mus., 22: 843. Prashad, 1922, 
Rec. Indian Mus., 24: 100. 

Distribution: Burma: Sagaing, Zayleyman and Tavoy. 

Remarks: Shell subtriangular, beaks high but not placed well forwards, 
not very thick, lamellar pseudocardinals. 

Prashad (1922) distinguished it from P. mandelayensis and established 
the clear identity of the two species. 

195. Parreysia (parreysia) burmanus (Blanford, 1869) 
(Figs. 458, 459, 462, 463) 

Unio burmanus Blanford, 1869, Proc. zoo/. Soc. Lond., p. 449. Type locality: Irawaddy 
river, near Bhamo. 

Parreysia burmanus: Simpson, 1900, Proc. U.S. natn. Mus., 22: 845. Preston, 1912, Rec. 
Indian Mus., 7: 30t. 

Parreysia pernodulosa Preston, 1912, Rec. Indian Mus., 7: 300. Type locality: Zayleyman, 
Upper Burma. 

Parreysia burmanus myitkyinae Prashad, 1930, Rec. Indian Mus., 32: 250, pI. viii, figs. 5-7, 
Type locality: Kamaing, in Myitkyina Dist. 

Types: ZSI Regd. No. M 5232/1. M 13020/2 (Holotype); 13021/2 
(Paratype) of M. burmanus myitkyinae. 
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Distribution: Burma: Bhamo, Zayleyman, Teinzo in the Mule stream, 
north east of Bhamo. 

Remarks: Shell ovate to subovate, solid, brown or dark brown or 
brownish olivaceous, sculptured with coarse, corrugated ridges in the anterior 
region, nodulose and irregular in the median and posterior regions, umbones 
rather large, dorsal margin rapidly sloping anteriorly, slightly sloping pos
teriorly, ventral margin somewhat rounded, anterior side sharply rounded, 
posterior side broad and gradually sloping. 

196. Parreysia (Parreysia) choprae Prashad, 1930 
(Figs. 464, 465) 

Parreysia choprae Prashad, 1930, Rec. Indian Mus., 32: 248, pI. viii, figs. 1-4. Type 
locality: Bank of a hill stream about 5 miles from Hopin towards Namna, Myitkyina 
District, Burma. 

Types: ZSI Regd. No. M 13018/2 (Holotype); M 13019· (Paratype). 

Distribution: Burma. 

Remarks: Shell small (not more than 40 mm. length), slightly inflated? 
umbones prominent, very forwardly placed, umbonal cavity moderately 
deep, young shells with radial zig-zag sculpture all over the surface, adults 
with slightly thick, irregular and somewhat arched bars ove~ the dorsal 
slope, anterior margin very short, posterior margin subtruncate, periostra~ 
cum dark brown in adults, greenish brown to yellow in young ones. 

197. Parreysia (Parreysia) corbis (Benson, 1856). 
(Figs. 454, 455) 

Ul1io corbis Benson, 1856, in Hanley's Recent Bivail,'e shells, 1856, pI. xxiii, fig. 43. Type 
locality: Assam. 

Parreysia corbis: Simpson, 1900, Proc. U.S. natll. Mus., 22: 845. 

Type: BM (NH) 

Distribution: Assam. 

Remarks: Shell oval, rather thin, concentric zones of bluish green and 
ochraceous yellow, glossy, smooth, umbones corrugated, anterodorsal 
margin concave, ventral margin convex, anterior side straight. 
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198. Parreysia (Parreysia) corrugata (Mueller, 1774) 

(Figs. 448, 449) 

17~ 

Mya corrugata Mueller, 1774, Vernl. Terr. er. Fill"., pt. 2, p. 214, no. 398. Type locality: 
Rivers of Coromandel. 

Parreysia corrugata: Simpson, 1900, Proc. U.S. natll. MilS., 22: 841. Preston, 1912, Rec. 
Indian Mus., 7: 297. 

Types: MNNH 

Distribution: A common species with a wide range of distribution. 
Andhra Pradesh: Gudur; Bihar: Manbhoom, Arrah; Karnataka: Mysore ~ 
Maharashtra: Chanda; Punjab: Ambala; Phenchoogunj, Sylhet Dist. 
(Bangladesh ). 

Remarks: Shell green, elliptic to oval, scarcely inequilateral, smooth .. 
umbones prominent, sculptured with somewhat radiating, oblique, linear 
ridges, ventral margin convex, lunule well marked, cardinal teeth strong .. 
not lamellar. 

Lomte (1971, 1972a, b & 1979), Nagabhushanam and Lomte (1971 a~ c~ 
1972 a, c) studied anatomy, histology, biochemistry and reproductive cycle. 

199. Parreysia (Parreysia). corrugata (Mueller) subsp. laevirostris (Benson .. 
1862). 

(Figs. 452, 453) 

Ul7io laevirostris Benson, 1862, AIlIl. Mag. nat. Hist., (3) 10: 191. 

Parreysia corrugata (Mueller) var. laevirostris: Simpson, 1900, Proc. U.S. Ilalll. MilS., 22:. 
842. Preston, 1912, Rec. Indian Mus., 7: 297. 

Types: BM (NH.) 

Distribution: Assam; Bihar: Arrah; Andhra Pradesh: Hyderabad; 
Bangladesh: Chittagong hills. 

Remarks: Specimens compared with Benson"s type (Regd. No. M 
16945/2) are available in ZSI. They were obtained from streams near 
Chunar above Benares (= Varanasi). 
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200. Parreysia (Parreysia) corrugata (Mueller) subsp. nagpoorensis (Lea, 
1860). 

(Figs. 450, 451, 482, 483) 

Unio nagpoorensis Lea, 1859, Proc. A cad. nal. Sci., Phi/ad., 3: 331. Type locality: Amba
jori Tank, Nagpoor (= Nagpur), Maharashtra. 

Unio wynegungaensis Lea, 1859, Proc. Acad. nat. Sci. Phi/ad., 3: 331. Type locality: Wyne
gunga River, 30 miles east of Nagpur. 

Parreysia corrugata (Mueller) sub var. nagpoorensis: Simpson, 1900, Proc. U.S. natn. 
Mus., 22: 842. 

Types: ANSP (Holotype); USNM (Holotype of U. wynegungaensis) 

Distribution : Andhra Pradesh: Gudur, Godavari River; Maharashtra; 
Gujarat; Orissa; Assam. 

201. Parreysia (Parreysia) cylindrica Annandale and Prashad, 1919. 
(Figs. 460, 461) 

Parreysia cylindrica Annandale and Prashad, 1919, Rec. Indian Mus., 16: 150, pI. iv. figs. 
6, 7. Type locality: Yenna River, Upper Krishna Watershed, at Medha. Maharashtra. 

Types: ZSI Regd. No. M 11398/2 (Syntypes). 

Distribution : Maharashtra 

Remarks : Shell thick, dorsal margin straight and anterior margin 
broadly rounded, umbonal region sculptured with corrugated ridges. 

It closely resembles P. favidens in all characters except in the shell, 
which is more elongated. 

202. Parreysia favidens (Benson, 1862) 
(Figs. 466, 467, 484, 485) 

Unio favidens Benson, 1862, Ann. Mag. nat. Hisl., (3) 10: 188. Type locality: "Bhitoura 
on the Ganges between Cawnpore and Allahabad". 

Parreysia favidens: Simpson, 1900, Proc. U.S. natn. Mus., 22: 842. Preston, 1912, Rec. 
Indian Mus., 7: 299. 

Distribution: Assam; Andhra Pradesh: Kumool; Madras; Maharash
tra; Orissa; Uttar Pradesh; Bangladesh: Dacca, Sylhet. 
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Remarks: Shell more 'inequilateral than in P. corrugata, thick, 
angulate both posteriorly and anteriorly, cardinal teeth strong and broad. 

Patil and Bal (1'967) studied seasonal, chemical and gonadal changes. 

It is a very variable species and the following four subspecies are dis
tinguished. 

203. Parreysia (parreysia) favidens subsp. assamensis Preston, 1912. 
(Figs. 468, 469) 

Parreysia favidens var. assamensis Preston, 1912, Rec. Indian Mus., 7: 299. Type locality: 
Digong, Assam. 

Type: ZSI Regd. No. M 2479/1 (Holotype), M 9996/2 (Cotypes-4) 

Distribution: Assam: Digong; Bihar: Arrah. 

Remarks: Shell convex, anterior side more rounded and posterior 
slightly natuate, dorsal margin rather less posteriorly angled. 

204. Parreysia (parreysia) favidens subsp. cbrysis (Benson, 1862) 

Parreysia favidens (Benson) var. chrysis Benson, 1862. Ann. Mag. nat. Hisl., (3) 10: 189. 
Type locality: Dojora river, Kareily Ghat near Bareily. Hanley & Theobald, 1876, 
Conch. Indica, p. 19, pI. 41. fig. 3. 

Types: ZSI Regd. No. M 2459/1. 

Distribution: Bihar: Patna; Uttar Pradesh: Bareilly. 

Remarks ,. Shell longer and less broad in proportion, umbonal rugae 
very strong and extended, periostracum green with yellow bands, cardinal 
narrow. 

205. Parreysia (Parreysia) favidens, subsp. deltae (Benson, 1862) 
(Figs. 470, 471) 

Parreysia favidens var. deltae Benson, 1862, Ann. Mag. Nat. Hisl., (3) 10: 189. Hanley & 
Theobald, 1876, Conch. Indica, p. 19, pI. 62, fig. 2, Type locality: Jellinghy river, Bengal. 
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Types: ZS[ Regd. No. M 16944/2. 

Distribution: West Bengal: Calcutta, Hazrapur. 

Remarks: Periostracum olive green and yellow, umbones with distinct 
rugae, lunule broad._ 

206. Parreysia favidens subsp. viridula (Benson, 1862) 
(Figs. 474, 475) 

Parreysia favidens var. viridula Benson, 1862" Ann. Mag. nat. Hist., (3) 10: 189. Type 
locality: "Jheel between Hameerpore and Someerpore, Bundel Khand". 

Distribution: Bihar: Damuda, Gandak, Manbhoom, Patna; West 
Bengal: Ranigangc. 

Remarks: Shell compressed, cardinals broad. 

207. Parreysia (Parreysia) feae (Tapparone-Canefri, 1889) 
(Figs. 480, 481) 

Ullio feae Tapparone-Canefri, 1889, Ann. Mus. Civ. Store Nat. Genova, 27: 340. Type 
locality: Meetan, Houngdaran river, Burma. 

Parreysia feae: Simpson, 1900, Proc. U.S. l1atl1. Mus., 22: 844. 

·Types.~ ZSI Regd. No. M 16944/2. ("Type" and .Co-types). 

Distribution: Burma: Meetan, Houngdaran. 

Renlarks:· Shell subrhomboidal \vhen young but more elongate in 
adults, zigzag radial sculp~ure conspi.cuous in YOUrtg and obsolete in adult 
shells; umbones prominent, recurved forwards and inwards but not meeting 
each other, dirty yellow to yellowish brown sculpture. 

208. Parreysia (Parreysia) feddeni (Theobald, 1873) 
(Figs. 476, 477) 

Unio leddeni Theobald, 1873, J. Asia!. Soc. Beng., 42 (2): 208, pI. xvii, fig. 3. Type locality: 
Burma. 

Parreysia feddeni: Simpson, 1900~ Proc. U.S. naln. MilS., 22: 845. Preston, 1912, Rec. 
Indiall Mus., 7: 300. 
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Type: BM (NH). 

Distribution: Burma: Rice fields at Pegu and YayJaymaw. 

Remarks: Shell quadrate, with concentric sulcations, anterior end 
round, posterior end subtruncate . 

. The species does not occur in India, but the type locality was 
inadvertently given as "Peengunga river, Central India" (Prashad, 1922). 

209. Parreysia (Parreysia) gowhattensis (Theobald, 1873). 
(Figs. 498, 499) 

Ull;O gowhatte11sis Theobald, 1873, J. Asia!. Soc. Beng., 42(2): 208, pI. xvii, fig. 4. Type 
locality: Gauhati. 

Parreysia gowhallel1sis: Simpson, 1900, Proc. U.S. lIatll. Mus.~ 22: 845. Preston, 1912, 
Rec. Indian Mus., 7: 301. , . 

Distribution: Assam. 

Remarks: Shell quadrately ovate, thick, inequilateral, periostracum 
brownish-yellow, concentrically striated and rugose, anterior side short, 
.and curved, posterior side long and truncate, postero-dorsal margin rather 
straight between the umbones and suddenly sloping on the posterior margin, 
ventral margin curved and indented on the posterior side; umbones pro
minent but eroded. 

210. Parreysia (Parreysia) houngdaranicus (Tapparone-Canefri, 1889) 
(Figs. 478, 479) 

Unio houngt!aranicusTapparone-Canefri, 1889, Anll, Mus. Civ. Sto,.. Nat. Genova, 27: 341' 
Type locality: Houngdaran river, Meetan, Tenasserim, Lower Burma. 

Pan:eysia houngdaral1icus: Prashad, 1922, Rec. Indian Mus., 24: 101, pI. ii, fig. 6. 

Types: Museo Civico Distoria Naturale, Genoa. 

Distribution: Lower Burma. 

Remarks: Prashad (1922) studied the types and showed its affinities to 
P. bhamoensis and P. mandelayensis. 
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Shell subrhomboidal to sub ovate , moderately inflated, beaks high, 
placed very anteriorly and recurved outwards and downwards, posterior 
margin longer than the anterior. 

211. Parreysia (Parreysia) mandelayensis (Theobald, 1873) 
(Figs. 500, 501) 

Unio mandelayensis Theobald, 1873, J. Asiat. Soc. Beng., 42 (2): 208, pI. xvii, fig. 2. Type 
locality: Mandalay. 

Parreysia mandelayensis: Prashad, 1922, Rec. Indian Mus., 24: 101. 

Types: BM (NH). 

Distribution: Burma: Bhamo, Sheinmagah, Myadong, Pegu. 

Remarks: Shell triangular, beaks very high and forwardly placed, 
the beak and umbonal region very strongly sculptured, often with distinct 
tubercles or even spines, hinge very strong, with compact, thick and dis
tinctly tooth-like pseudo-cardinals. 

212. Parreysia (parreysia) olivacea Prashad, 1930 
(Figs. 490, 491) 

Parreysia olivacea Prashad, 1930, Rec. Indian Mus., 32: 251, pI. viii, fig. 8. Type locality: 
Kamaing, Myitkyina Dist. Burma. 

Types: ZSI Regd. No. M 13022/2 (Holotype), M 13023/2 (Paratype). 

Distribution: Burma. 

Remarks: Shell small (less than 36 mm.), subtriangular, umbones 
high, somewhat inflated, forwardly curved, without radial sculpture, anterior 
end rounded, dorsal margin almost regularly curved, posterior end rounded 
to subtruncate, periostracum olive green, with a trace of yellow below the 
umbones. It is a small, smooth shelled form and apparently forms a con
necting link between the genera Parreysia and Indonaia (Prashad, 1930). 

213. Parreysia (Parreysia) perconvexa Preston, 1912 
(Figs. 494, 495) 

Parreys;a perconvexa Preston, 1912, Rec. Indian Mus., 7: 302. Type locality: Nangyong 
Lake, Burma. 



HANDBOOK: Freshwater molluscs of India 185 

Types: ZSI Regd. No. M 5069/1 (1 ex.). 

Distribution: Not known beyond type locality. 

214. Parreysia (Parreysia) rajahensis (Lea, 1841) 
. (Figs. 492, 493) 

Unio rajahensis Lea, 1841, Proc. AnI. Phil. Soc., 2: 30. Type locality: Rajah's tank. 
Calcutta. 

Parreysia rajahensis: Simpson, 1900, Proc. U.S. Ilatn. Mus., 22: 844. Preston, 1912, Rec. 
Indian ~lus., 7: 301. 

Distribution: Narmada River, Rann of Kutch, Sepree, Sahib ganje. 

Remarks: Shell triangular, inflated, posteriorly angulated. 

215. Parreysia (Parreysia) sikkimensis (Lea, 1859) 
(Figs. 488, 489) 

Unio sikkinlel1sis Lea, 1859, Proc. A cad. nat. Sci. Phi/ad., 3: 151. Type locality: Sikkim. 

Parreysia sikkilnensis: Simpson, 1900, Proc. U.S. natll. MilS., 22: 845. Preston, 1912, 
Rec. Indian Mus., 7: 301. 

Types: BM (NH). 

Distribution: Assam: Cachar, Dihing, Sibsagar; Sikkim: Namtsik; 
West Bengal: Siliguri. 

Remarks: Blanford (1866) expressed doubt regarding the type locality. 
Shell considerably convex in porportion to its size, short, broad and 
generally ovate. 

216. Parreysia (Parreysia) smaragdites (Benson, 1862) 
(Figs. 504, 505) 

Unio smaragdites Benson, 1862, Anll. Mag. nat. Hist., (3) 10: 190. Type locality: 
"Berhan1pooter" (= Brahmaputra river), Assan1. 

Parreys[a smaragdites: Simpson, 1900, Proc. U.S. natn. Mus., 22: 843. Prashad, 1922, 
Rec. Indian Mus .• 24: 102. 

Types: Specimens collected from Brahmaputra flver, Assam and 
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compared with Benson's type (No. M 16946/2) are available in ZSI. 

Distribution: Assam, Upper Burma. 

Remarks: Shell beautiful green interspersed with lemon yellow in the 
middle, beaks submedian and greatly deflected forwards with deep cavities 
and a well marked lunule. 

217. Parreysia (Parreysia) tavoyensis (Gould, 1843) 
(Figs. 502, 503) 

Unio tavoyells;s Gould, 1843, Proc. Bost. Soc. nat. Hist., p. 140. Type locality: Tavoy, 
Burma. 

Parreys[a tavoyellsis: Simpson, 1900, Proc. U.S. l1atl1. Mus., 22: 843. Preston, 1912, Rec. 
Illdian Mus., 7: 300. Prashad, 1930, Rec. Indian Mus.~ 31: 247. 

Types: Holotype MCZ. 

Distribution: Burma: Arakan, Mandalay, Pegu and Tavoy. 

Remarks: Shell subtriangular to subovate, umbones and a considerable 
part of the shell sculptured with zigzag corrugations in young shells, but 
obsolete in full grown individuals. 

218. Parreysia (Parreysia) triembolus (Benson, 1855) 
(Figs. 506, 507) 

Unio trielnbolus Benson, 1855, J. Asiat. Soc. Beng., 35: 44. Type locality: Nerbudda 
(= Narmada). Hanley & Theobald, 1876, COllch. Illdica, p. 43, pI. 107, fig. 2. 

Parreysia tavoyens;s var. triel1lbolus: Preston, 1915, Fauna Bdt India, Mollusca 
(Freshwater Gastropoda & Pelecypoda), p. 167. 

Types: BM (NH). 

Distribution: Uttar Pradesh: Ramganga near Moradabad; Assam: 
Cachar, Barack river, Silchar; West Bengal: Calcutta. 

Remarks: Prashad (1922) examined Benson's type series of specimens 
and showed that it is a distinct species. 



HANDBOOK: Freshwater molluscs of India 187 

Subgenus Radiatula Simpson, 1900 

Type species: Unio crispisu/ca!lIs Benson, 1962. 

Prashad (1918) proposed the genus lndonaia to include all the Indian 
species which were formerly grouped along with the Japanese and African 
species in the genus Nodularia (Preston, 1915, pp. 135-146). 

Haas (1969) has rightly included Radiatula as a subgenus of Parre),sia 
synonymizing lndonaia with it. 

The members of this genus carry the glochidea in all the four gills~ 
a character of the subfamily. It agrees with the genus Parre),sia in its anato
mical character but differs from it in the beak sculpture and structure of 
glochidia. 

It includes 20 species as given below: 

219. Parreysia (Radiatula) andersoniana (Nevill, 1877) 
(Figs. 508, 509) 

Ullio andersoniallll s Nevill, 1877, J. Asia!. Soc. Bellg., 46: 40. Typ e locality: Myadong. 
Upper Burma. 

Nodillaria (N) alldersollialla: Preston, 1915, Fallna Brit. Illdia, Mollusca (Freshwater Gastro
poda and Pelecypoda) p. 143. 

Types: ZSI Regd. No. M 5192/2. 

Distribution: Assam: Silchar; West Bengal: Siliguri; Myadong. 
(Burma). 

Remarks: Smaller in size, thin, umbo indistinct, not at all raised .. 
strong sculpture on umbonal region, pallial line prominent. 

In general shape it resembles P. caerulea but sculpture on umbonal 
region stronger, shells greenish, also less tumid than in P. caerlilea. 

220. Parreysia (Radiatula) bonneaudi (Eydoux, 1838) 
(Figs. 510, 511) 

Unio bOl1lleaudi Eydoux, 1838, Mag. de Zoo!. cl., 5: 101, pI. 119, figs. 1, la. 
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Nodularia (N) bonneaudi: Simpson, 1900, Proc. U. S. natn. Mus., 22: 813. 

lndonaia bonneaudi: Prashad, 1921, Rec Indian Mus., 22: 603. 

Distribution: Manipur, Assam and Burma. 

Remarks: Exhibits variation in shape and colour. Shell thick, 
tumid, finer sculpture on umbonal region, also vertically sculptured with 
faint zigzag lines accross the valves, posterior side broader than anterior, 
umbo almost at the centre of the dorsal margin. 

221. Parreysia (Radiatula) caerulea (Lea, 1831) 
(Figs. 516, 517) 

Unio caeruleus Lea, 1831, Trails. Alner. Phil. Soc., 4: 95, pI. 13, fig. 25. Type locality: 
"Hooghly river, 100 miles above Calcutta." 

Nodularia (N) caeruleus: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gastro
poda and Pelecypoda) p. 136. 

Types: USNM (Holotype), ANSP (Paratype). 

Distribution: Assam, Bihar, Orissa, Punjab, Sind, Uttar Pradesh, 
West Bengal (represents more or less all districts), Burma. 

Remarks: Variable, in grown up valves sculpture restricted to umbonal 
region, in case of young the whole surface sculptured, posterior umbonal 
carina very distinct. 

222. Parreysia (Radiatula) caerulea subsp. gaudicbaudi (Eydoux, 1838). 
(Figs. 518, 519) 

Unio gaudichaudi Eydoux, 1838, Mag. de Zool., S: 10, pI. 118, fig. 3. 

Nodularia (N) caeruleus var. gaudichaudi: Preston, 1915, Fauna Brit. India, Mollusca 
(Freshwater Gastropoda and Pelecypoda), p. 137. 

Distribution: Rivers of Bengal; Dacca, Bangladesh. 

Remarks: More tumid, strongly built, posterior end pointed. 

There is another variety P. ( R) caerulea keraudreni (Eydoux) 
which is found abundantly in the vicinity of Chandannagar, West Bengal. 
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It is characterised by short obtuse anterior side and gently sloping posterior 
side with a blunt extremity (Figs. 520, 521). 

223. Parreysia (Radiatula) chaudhurii (Preston, 1912) 
(Figs. 522, 523) 

Nodufaria (N) chaudhllrii Preston, 1912, Rec. Indian MilS., 7: 290. Type locality: Burma. 

Types: ZSI Regd. No. M 2545/1 

Distribution: Upper Burma. 

Remarks: Prashad (1922) studied the type series of Preston and re
marked that it may turn to be a form of P. bonneaudi (Eydoux). However, 
it differs from it in the following: shell shorter, more ovate, less inflated 
with more pronounced sculpture. 

224. Parreysia (Radiatula) crispisulcata (Benson, 1862) 
(Figs. 524, 525) 

Unio crispisulcatus Benson, 1862, Ann. Mag. nat. Hist., (3) 10: 193. Type locality: Burma. 

Nodufaria (Radiatufa) crispisu/cata: Preston, 1915, Fauna Brit. Illdia, Mollusca (Freshwater 
Gastropoda and Pelecypoda), p. 146. 

Distribution: Pengong River, Burma. 

Remarks: General shape in this species very distinct from all others, 
rather trigonal and more like as in the subgenus Parreysia. Shell yellowish 
brown, very distinctly sculptured throughout. In the posterior region the 
sculpture consists of strong vertical ridges and rather distant spiral grooves. 
On the rest of the shell the vertical ridges much finer and the spiral grooves 
close giving a beaded appearance. 

225. Parreysia (Radiatula) involuta (Benson, 1856) 

Unio involutus Benson, 1856, in Hanley's Recent Bivalve Shells, p. 385, pI. 23, fig. 19. 
Type locality: Assam. 

Nodularia (N) involuta: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gastro
poda and Pelecypoda), p. 146. 

Distribution: Assam; Bangladesh. 
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226. Parreysia (Radiatula) kbadakvaslaensis (Ray, 1966) 
(Figs. 514, 515) 

Illdollaia khadakvaslaellsis Ray, 1966, J. COllch. Paris, lOS (4) : 226. Type locality: 
Khadakvasla dam, Pune. 

Distribution: Maharashtra: Pune. 

Types: ZSI Regd. No. M 17531/3 (Holotype), Regd. No. M 17532/3 
(Paratype). 

Renlarks: Very close to P. pachysoma, similar inflated shells, posterior 
end pointed, sculpture appears to be a little more pronounced. 

227. Parreysia (Radiatula) lima (Sinlpson, 1900) 
(Figs.' 528-531) 

Nodularia (Radia/lIla) Ibna, Simpson, 1900, Proc. U.S. lIaln. MilS., 22: 820. Preston, 1915, 
Fauna Brit. India, Mollusca (Freshwater Gastropoda and Pelecypoda), p. 147. 

Indonoia Iilna: Prashad, 1921, Rec. Indian Mus., 22: 604. 

Distribution: Assam, Sikkinl, West Bengal. 

Renlarks: Shell small, greenish, broader posterior end, umbo much 
anteriorly placed, scarcely raised, conspicously sculptured, sculpture more 
pronounced on umbonal region, typical zigzag lines-transverse lines pro
minent on posterior side, sculpture on anterior side finer. 

It is a highly variable species. Corrugation in the umbonal region is 
prominent in SODle specimens but in a few it is almost absent. Preston 
(1908) described a species, namely Unio siliguriensis, which he later (1915) 
treated as a variety of Nodularia (Radiatula) lima. On examination of the 
holotype of Unio siliguriensis (ZSI Regd. No. M 6099/1; figs. 542,' 543) it is 
found to be only a variety and hence treated under species P. lima. 

228. Parreysia (Radiatula) nuttalliana (Lea, 1856) 
(Figs. 428, 429, 532, 533) 

Ul1io Iluttallianus Lea, 1856, Proc. A cad. 110/. Sci. Phi/ad. 8: 103; Type locality: India. 

Nodularia (N) l1uttalliolla: Preston, 1915, Fallna Brit. India, Mollusca (Freshwater Gastro
poda and Pelecypoda), p. 145. 
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Types: USNM 

Distribution: Assam: Cachar. 

Remarks: Smaller, snloother, devoid of any sculpture, olive green, 
umbo more prominent, placed at the middle. 

229. Parreysia (Radiatula) occata (Lea, 1860) 
(Figs. 426, 427, 526, 527) 

Ullio occatus Lea, 1860, Proc. A cad. lIat. Sci. Philad., 4: 307. Type locality: Bengal, 

Nodularia (N) occata: Preston, 1915, Fauna Brit. I"dia Mollusca (Freshwater Gastropoda 
and Pelecypod a), p. 138. 

Indonaia occata: Prashad, 1921, Rec. I"dian MilS., 22: 603. 

Types: USNM 

Distribution: Assam, Madhya Pradesh, U.P., West Bengal, Bangladesh. 

Remarks: Close to P. lirna, narrower, dorsal side less convex, umbo 
little more central in position, sculptured throughout. 

230. Parreysia (Radiatula) olivaria (Lea, 1831). 
(Figs. 534, 535) 

Unio olivarius Lea, 1831, Trails. Amer. Phil. Soc., 4: 108, pI. 16. fig. 38. Type locality: 
Burrail river, north of Cachar, Assam (see Benson, 1866, p. 140). 

Nodularia (N) olivaria: Preston, 1915, Fallna Brit. Illdia Mollusca (Freshwater Gastropoda 
and Pelecypoda), p. t 44. 

Types: ANSP (Syntypes) 

Distribution: Assanl; V.P.: Agra, Moradabad; West Bengal: Raniganj. 

Remarks: Very close to P. nuttalliana, thinner. 
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231. Parreysia (Radiatula) pachysoma (Benson, 1862) 
(Figs. 540, 541) 

Unio pachysonla Benson, 1862, Ann. Mag. nat. Hist., (3) 10: 186. Type locality: 
"Barhan1apooter river, Assam." 

Nodularia (N) pachysollla: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gastro
poda and Pelecypoda), p. 139. 

Distribution: India: Assam, West Bengal; Bangladesh, Burma. 

Remarks: Related to P. bonneaudi and P. caerulea. Distinguished from 
the former by its more elongate, more inflated, but less deep shells, more 
pronounced umbones and much stronger hinge; from the latter by its much 
brighter and more inflated shells and in lacking radial sculpture on the sides. 

232. Parreysia (Radiatula) shurtleffiana (Lea, 1856) 
(Figs. 512, 513) 

Unio shurtleffianus Lea, 1856, Proc. A cad. nat. Sci. Phi/ad., 8: 94. 

Nodularia (N.) shurtleffiana: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater Gas
tropoda and Pelecypoda), p. 138. 

Distribution: Maharashtra: Ahmednagar. 

Remarks: Very similar to P. olivaria and P. nuttalliana, but differs in 
possessing some typical sculpture on umbonal regions and also on anterior 
slope. 

It may prove to be a variety of common P. (R.) caerulea (Lea). 

233. Parreysia (Radiatula) tbeobaldi (Preston, 1912) 
(Figs. 536-539) 

Nodularia (N.) theobaldi Preston, 1912, Rec. Indian Mus., 7: 292. Type locality: Manipur. 

Indonaia theobaldi: Prashad, 1921, Rec. Indian Mus., 22: 604. 

Types: ZSI Regd. No. 4710 (Holotype); M 2478/1 (Cotype). 

Distribution: Manipur, Assam. 

Remarks: Shell larger, broader and more elongated than in typical 
Radiatula, no sculpture on dorsal surface of valves. 
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igs. 508, 509. Parreysl'a (Radiatula) ander oniana . . 1.55 X 1, .05 mm. urma., I I •• ( . • 

bonneaudi 36.70 X 20 . .80 mm, Burma. 512, 51 . P. (R .) sh urLlelfiana AO.4. X 2 .0 mm : 
514, 515. P. fR.) khadakvaslaensis Holotyp _ 47.65 X 23.75 mm., Mahar htra. 
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Figs. 516 517. Pa"eysl,a (Radiatula) caerolea, 45.40 ,x 22.85 Mm. Cakutta. 518, 5' 9. P. (R.) 
c,a,erolea gaudl'thaud,., 46.50 X 22.30 mm. W. Bengal. 520,521. P. (R.) caerulea keraudreni 
34 65 X 20.80 mm., 'W. Bengal. 522, 52 . P. fR .) chaudhuri Par,atype 24.30 X 18 .. 85 mm .. 
Burma. 
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Fi,g . 524, 525. Parrey ia (Radiatula) crispis,uJcata. -7.80 X 1.50 mm. u a. 2 , , 27" P. (R. J 
occata 29,.45 X 17 • .30 mm., Burma. 528,529. P. (R,.) lima juv _niL _h U 2. X l .. mm. 
W Beng,al. 530 531 P. (R.).lim,a ~ grown-upheU, . 0 X , .0 mm., W .. B _n at. 
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Figs. 532 533. Parreysia (Radiatula) nutta/iana 25.20 X 15.30mm., Assam. 5,34 535. P. (R.) 

oJiv,a ria , 34.45 X 20.30 mm., Assam. 536 537. P. (R .. ) theobaldi, juvenile shell, ,40.50 X 24.25 
mm, Manipur ,. 538, 539. P. (R.) .theobaJdi. a grown·up hell. 59.95 X 34.15 m Holotype 
Manipur. 
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Figs. 540 541. P. (R,.) pachysoma 44.70 X 23.30 mm., A _ am. 542. ' . P. fR.) iii ,uri rr ' ;' . 
ootype uUy grown-up shell, 37.,65 X 20.85 mm., Uig rio 
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Figs. 544,545,. Scab.l:es cnsp,ata 34.60 X 18.15 mm. 546,547. Margaritifera loosensis 60.30 X 
27.10 mm., Burma. 548,549. Trapezoideus dhanu' hori. 35.65 X 18.85 mm., Assam. 
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Fig 550, 55 . Trapezoideu exole' cen. 9 70 X 20..1 mm. urm. , 5 
X 26.0 mm .. Burma. 554 555. T. misellus, var. ub lathra l.' X 17.71 m 
T. misellus . 3 .50 x 17.15 mm. Mampur. 
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Figs. 558 Ato F. Inner view of a few bival'v,e shells. 
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Genus.44. Scabies Haas, 1911 

Type species : Unio scobillatus Lea. 

Shell not as thick as in Parreysia, elongately oval, shell surface sculp
tured with zig-zag pattern or ridges. 

Thailand, Laos, Cambodia, S. Vietnam, Burma and India. 

One species from India and Burma. 

234. Scabies crispata (Gould, 1843) 
(Pigs. 544, 545) 

Un;o crispata Gould, 1843, Proc. Boston Soc. nat. Hist., 1: 141. Type locality: Tavoy, 
Burma. 

Unio scobinatus Lea, 1856, Proc. A cad. nat. Sci. Phi/ad., 8: 93. Type-locality: Siam. 

Unio scobilla: Hanley, 1856, Recent Bivalve shells, p. 382, pI. 23, fig. 40. 

Nodularia (Nodularia) scobina: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater 
Gastropoda and Pelecypoda), p. 142. 

Nodularia (Nodularia) crispata: Preston, 1915, Fauna Brit. India, Mollusca (Freshwater 
Gastropoda and Pelecypoda), p. 142. 

Indonaia scobina: Prashad, 1921, Rec. Indian Mus., 22: 603. 

Scabies crispata: Brandt, 1974, Arch Moll., lOS: 281, pI. 20, fig. 33. 

Distribution: India: Assam: Sibsagar; Burma: Tavoy, Bhamo; Siam, 
Cambodia and Thailand. 

Remarks: Shell strongly and deeply sculptured, zig-zag radial lines, 
interspersed here and there with thicker nodules on yellowish to brownish 
background, ridges transverse in the anterior region and vertical in the pos
terior region of the shell. 

Brandt (1974) dealt in detail and remarked on the possibility of three 
geographic races within its area of distribution. 
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Subfamily RECTIDENTINAE Modell, 1942 

Shell rhomboidal or ovate, or trapezoid, generally with a high pos
terior wing. Umbones in the anterior third of the shell, sculptured with 
concentric zigzag lines, hinge plate very narrow, pseudocardinals lamelli
form or very weak, all four demibranchs marsupial. 

South, East and South-east Asia; Indonesian and Philippine Islands. 

The subfamily is represented by two genera viz. Physunio and Trapezoi
deus from the Indian and Burmese region. 

The two can be distinguished by the shell structure; in the Physunio 
it is more or less thin and inflated while in the Trapezoideus it is thick and 
compressed. 

The two species of Physunio described by Annandale from Inle Lake 
were synonymised by Haas (1969: 87) with Physunio micropterus (Morelet), 
but it was contradicted by Brandt (1974: 296). 

Genus 45. Trapezoideus Simpson, 1900 

Trapezoideus Simpson, 1900, Proc. U.S. naln. Mus., 22: 858. 

Type species: Unio /oliacea Gould, 1843. 

Shell trapezoidal, compressed with low posterior slope, umbones not 
prominent, ornamented by zigzag ridges, surface concentrically sulcate, 
hinge with elongate cardinals. Outer and inner gills of nearly the same 
width posteriorly, outer shorter in length than the inner, palpi large, bran
chial aperture large, with many rows of elongate papillae on the margins, 
anal aperture with a single row of minute papillae on its margins. 

India: Assam, Manipur. South and South-east Asia. 

235. Trapezoideus exolescens exolescens (Gould, 1843) 
(Figs. 432, 433, 548-557) 

Unio exolescens Gould, 1843, Proc. Boston Soc. nat. Hist., 1: 141. Type locality: Tavoy, 
Burma. 
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Unio foliaceus Gould, 1843, Proc. Boston Soc. nat. Hist., 1: 141. Type locality: Tavoy, 
Burma. 

Unio mi'sellus Morelet, 1865, J. Conch. Paris, 13 : 21. Type locality: Siam. 

Unio siamensis Lea, 1866, Proc. Acad. nat. Sci. Phi/ad., 10 : 133. Type locality: Siam. 

Unio misellus var. subclathratus Martens, 1899, Arch. Naturqesch., 6S: 44, pI. 6, fig. 3. 
Type locality: Chindwin river near Kalewa, Burma. 

Trapezoideus /oliaceus var. zayleymanensis Preston, 1912, Rec. Indian Mus., 7: 307. Type 
locality: Bhamo, Burma. 

Trapezoideus dhanushori Prashad, 1921, Rec. Indian Mus., 22: 611, fig. 31. Type locality: 
Dhanushori stream, about a mile from Dimapur, Assam. 

Trapezoideus exolescens exolescens: Brandt. 1974, Arch, Moll., lOS: 299, pI. 26, fig. 63. 

Types: USNM. ZSI Regd. No. M 11962/2 (T. dhanushori). 

Distribution: India: Manipur, Assam; Burma: Mandalay, Bhamo, 
Tenasserim, Zayleymann. 

Remarks: Shell very thin and compressed or inflated, umbones de
pressed, occasionally prominent, anterior end narrow or obliquely truncated, 
posterior side dilated, posterior wing not very distinct or narrow, perios
tracum greenish brown, or brownish yellow. 

Genus 46. Physunio Simpson, 1900 

Physunio Simpson, 1900, Proc. U.S. natn. Mus., 22: 828 

. Type species ; Unio gravidus Lea, 1856 OD 

Shell irregularly obovate, thin, anteriorly narrow, posteriorly broad 
and produced at base, posterior slope high, winged, excavated with distinct 
posterior ridge, umbones prominent with zigzag folds, with deep cavities, 
surface smooth, periostracum yellowish or brownish .. green, hinge with 
elongate cardinals, short and somewhat curved laterals, old shells with 
auxiliary tooth in each valve. 

Exhalent aperture smooth, inhalent aperture with elongate tentacles 
arranged in three rows. Marsupium formed by 11 .. 17 simple water tubes 
in the middle region of outer gills, leaving a larger posterior and a much 
smaller anterior unmodified portion for respiration. Glochidium hookless. 
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Characteristic of Indo-Chinese region. One species penetrated as far 
west as Assam, and another to Sumatra, but mainly found in Cambodia, 
Cochin China and Siam. Two species from the Inle Lake. 

Marsupium and glochidium were described by Prashad (1918) and its 
anatomy was worked out by E. N. Ghosh (1919). 

Subgenus Physunio 

236. Physunio ferrugineus Annandale, 1918 

Physunio !errugineus Annandale, 1918, Rec. Indian Mus., 14: 139, pI. xix, figs.4-9. Type 
locality: Semi-liquid mud at the bottom of the central region of the Inle Lake. 

Type: ZSI Regd. No. M 11296/2 

Distribution: Inle Lake, Burma. (In about 7 to 12 feet deep water). 

Remarks: Shell larger , thinner, wing better developed, a pair of strong 
ridges, surface covere4 with finer and more regular striae. 

237. Physunio (Physunio) micropteroides Annandale, 1918 
(Figs. 420, 421) 

Physun;o micropteroides Annandale, 1918, Rec. Indian Mus., 14: 139, pI. xix, figs. 1-3. Type 
locality: Sluggish streams on the Yawnghwe plane, in dense mud in about 3 feet of 
water. 

Type: ZSI Regd. No. M 11084/2 

Distribution: Streams of Yawnghwe (In 3 feet deep water). 

Remarks: Shell suboval, elongate, a broad and low blunt wing, a pair 
of low diverging ridges, coarse and irregular transverse striae. 

Subgenus Velunio Haas, 1914 

Type species : Unio velaris Sowerby 

Shall compressed, well developed wing, umbones incurved forwards. 
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238. Physunio (Velunio) velaris (Sowerby, 1868) 
(Figs. 416, 417) 

197 

Unio ve/arir Sowerby, 1868, in Reeve's Conch. Icon., 16: Unio pI. 72, fig. 368. Type locality: 
Assam. 

Physunio (Lens) ve/aris: Simpson, 1900, Proc. U.S. Ilatn. Mus., 22: 831. Preston, 1915, 
Fauna Brit. India, Mollusca (Freshwater Gastropoda and Pelecypoda), p. 149. 

Types: BM (NH). 

Distribution: Assam. 

Remarks: Shell thin, compressed, pale green, neither radiated nor 
sculptured, anterior extremity very narrow, ventral margin arcuated, rising 
abruptly anteriorwards; umbones prominent. 

Family 16. AETHERIIDAE Swainson, 1840 

Shell nacreous and irregular. In adult condition fixed to the sub
stratum, either by right or left valve, inequivalve. Shell substance folia
ceous or lamellar and covered by thick, olive coloured, deciduous peri os
tracum, hinge endentulous, anterior adductor muscle impression lacking 
in some. Foot generally absent and labial palps large. 

South America, tropical Africa, Madagascar and India. 

Of the three genera viz. Aetheria Lamarck, 1807, Barlettia A. Adams, 
1866 and Acostaea d'Orbigny, 1851, the first one is restricted to Africa and 
Madagascar, the second one to South America and the third one is distri
buted in South America and India. 

Genus 47. Acostaea d' Orbigny~ 1851. 

Type species: Mulleria lobata Ferussac, 1823 

Shell attached by right valve, inequivalve and covered by thick perio
stracum, umbones very much elongate, anterior adductor muscle lacking 
in adult attached state, but present in young free state. 

Divided into two subgenera viz. Acostaea s. str. and Pseudomulleria 
Anthony, 1907 restricted to South America and India respectively. 
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Subgenus Pseudomulleria Anthony, 1907 

Type species: Mulleria daly; E. A. Smith, 1898. 

Shell irregularly quadrate and without any distinct anterior projection, 
the anterior adductor muscle absent. Not known in fossil state. 

239. Acostaea (Pseudomulleria) dalyi E. A. Smith, 1898. 
(Figs. 438, 439) 

Mulleria daly; Smith, 1898, Proc. rnalac. Soc. Lond., 3: 14. Text fig. Type locality: 
"Probably near Mudgiri, Kadur Dist." Karnataka. Woodward, 1898, Proc. rnalac. 
Soc. Lond., 3: 87, text figs. (Anatomy). Preston, 1915, Fauna Brit. India, Mollusca. 
(Freshwater Gastropoda and Pelecypoda), p. 197. 

Types: BM (NH). 

Distribution: Western Ghats. Preston (1915), probably based on the 
original reference, gave Kadur in Karnataka State as its loaality, but the 
collection in Zoological Survey of India are from Taloshi, Koyna Valley, 
Satara district, Maharashtra. 

Remarks: Shell irregularly quadrat.e, periostracum rich deep brown or 
blackish-brown, nacre mixture of white, bluish, greenish, olive and pinkish 
tints, margin olive brown. 

Woodward {1898) gave an account of its anatomy. 

Family 17. MARGARITlFERIDAE Haas, 1940 

Shell equivalve and generally compressed, umbonal cavities shallow, 
posterior lamellar teeth tending to be reduced. Gills without water tubes, 
partly free posteriorly, marsupium occupying all four gills. 

Europe, North America and Asia. 

Genus 48. Margaritifera Schumacher, 1816 

Type species; Mya margariti/era Linnaeus, 1758 

Europe, N. America and Asia. 
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Subgenus Margaritanopsis Haas, 1910 

Type species : Unio laosensis Lea, 1863 

Shell elongate, compressed, kidney shaped, cardinals and posterior 
lamellar teeth with long interdental area. 

South east Asia. 

240. Margaritifera (Margaritanopsis) laosensis (Lea, 1863) 
(Figs. 546, 547) 

Unio laosensis Lea, 1863, Proc. Acad. nat. Sci. Phi/ad., 7: 190. Type locality: Laos moun .. 
tains, Cambodia. 

Margaritanopsis woodthorpi Godwin .. Austen, 1919, Rec. Indian Mus., 16: 204, pI. 15, 
figs. 1--4. Type locality: Port Stedman, Shan States. 

Margaritanopsis laosensis: Prashad, 1922, Rec. Indian Mus., 24: 93, pI. ii, figs. 1-4. 

Margaritanopsis laosensis: Brandt, 1974, Arch. Moll., 105: 261. 

Types: ANSP (Paratype), USNM (Holotype) 

Distribution: Burma, Siam and Cambodia. 

Remarks: Shell rhomboidal, thick, ventral margin arcuate, right 
valve with two cardinals, anterior thick and knob-like, the posterior elongat
ed and anteriorly raised into a trigonal tooth-like structure, one lateraJ, 
left valve with a single cardinal divided into two parts, two laterals. 

Family 18. CORBICULIDAE 

Shell rounded-triangular to oval, thick, concentrically striated or 
ribbed, strong fibrous periostracum, yellow, green or brown, hin ge with 
three cardinal teeth in each valve, and one or two laterals, ligament strong, 
external, pallial sinus absent or when present shallow. 

Foot large, siphonal openings prolonged into small tubes, orifices 
with or without papillae, two pairs of gills, outer pair smaller than the inner 
one, the latter serving as brood pouch. 

South America, Africa, Asia and Australia. 
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Four genera, namely Geloina, Villorita, Batissa and Corbicula are 
included. The last mentioned is a primary freshwater genus, the rest being 
primarily estuarine, often extending into coastal freshwaters. 

Key to the genera 

1. Shell less than 5 em. in length, strongly and evenly ribbed, 
hinge with serrated lateral teeth .... ............................................ Corbicula 
Shell large, adult shell more than 5 em., ribs not even, lateral 
teeth not serrated .......................................... 0 0 •• 0 •• 0 •••••• 0 •• 0. 0 0 0.0 •• 0.00 ••• 0" 2 

2. Lateral teeth transversely grooved, umbonal region little 
inflated ....... 0 ••••••• 0 0 0 ••••• 0 • 0 ••••••••••• 0 ••••• 0 •••••••••• 0 • 0 • • • • • • • • • • • • • • • • • • • • • • • • • • • Batissa 
Lateral teeth smooth, umbonal region much inflated ... 0 •••••• 0 ••• 00....................... 3 

3. Sheil deeply trigonal, higher than long ........................... 0 • 0 •• 0 • 0 • • • • • •• Vlliorita 
Shell longer than high .............. 0 ••••••••••• 0 •••••••••••••••• 0 ••• 0 • • • • • • • • • • • • • • • • • • Geloina 

Genus 49. Corbicula Megerle von Muehlfeld, 1811 

Corbicula Megerle von Muehlfeld, 1811, Mag. Gesell. Naturf. Berlin, 5: 56. 

Type species: Tellina /luminalis Mueller, 1774 (designated, ICZN, 1955). 

Shell subtrigonal, thick, with strong, concentric ribs, umbones pro
minent and central, ligament prominent and external, hinge with three 
cardinal teeth in each valve, lateral teeth elongated, compressed, lamelli
form, finely serrated, right valve with two laterals on each side, left with 
one on each side, pallial line mostly without sinus. 

Mantle margin with papillae, siphons very short and close, orifices 
without papillae. 

Asia, Africa and Australia. 

Prashad (1928) revised the Asiatic species including those from India. 
The same author (1920) described the anatomy of Corbicula fluminalis 
(Mueller). 
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241. Corbicula annandalei Prashad, 1928 
(Figs. 558 G. H.) 
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Corbicula annandalei Prashad, 1928, Mem. Indian Mus., 9: 22, pI. iv, figs. 11, 12. Type 
locality: Varkalay, Kerala. 

Types: ZSI Regd. No. M 5253/1 (Holotype). 

Distribution: Not known beyond Type-locality. 

Remarks: Shell rather thin, small (14 mm), somewhat trigonal, dorsal 
margin with a steep slope on the anterior side, ventral margin slightly 
arched, umbones prominent, greatly inflated and curved forwards, peri os
tracum shining light yellow, regular and concentric striae, binge very feeble. 

242. Corbicu-Ia arata (Sowerby, 1878) 
(Figs. 563, 564) 

Cyrena arala Sowerby, 1878, in Reeve's Conch. leon., 20: Cyrena, pI. 17, fig. 93. Type 
locality: Tenasserim, Lower Burma. 

Corbicula arala: Prashad, 1928, Menl. Indian Mus., 9: 26, pI. iv. figs. 17-20. 

Types: BM (NH) 

Distribution: Lower Burma, Thailand. 

Remarks: Shell thin, trigonal, greatly inflated, obliquely and narrowly 
truncate, dorsal margin greatly arched, ventral margin evenly rounded in 
the anterior half and then suddenly curving, umbones prominent, inflated, 
anteriorly situated, periostracum deep shining yellow, concentric ridges 
fewer, widely separated, distinctly raised, nacre creanlY white or purple in 
adults. 

243. Corbicula assamensis Prashad, 1928 
(Figs. 561, 562) 

Corbicula assalnensis Prashad, 1928, Mem. Indian Mus., 9: 22, pI. iii, fig. 12. Type locality: 
Phenchooganj, Sylhet, Bangladesh. 

Types: ZSI Regd. No. M 3986/1 (Holotype). 

Distribution: Assam, Bangladesh. 
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Remarks: Shell thin, small (12.2 mm.), ovate or triangularly ovate, 
dorsal margin regularly arched, convex, anterior side short and rounded, 
posterior broad and truncate, ventral margin regularly arched ending in a 
truncated beak posteriorly, umbones slightly marked, inconspicuous, striae 
regular, concentric, distinct but not deep, shining light yellow colour. 

It is allied to C. striatella but distinguished from it in its thin shell, 
weak sculpture, hinge and general' form of shell. 

244. Corbicula bensoni Deshayes, 1854 
(Figs. 565, 566) 

Corbicula bensoni Deshayes, 1854, Proc. zool. Soc. Lond., p. 345. Type locality: Bengal. 
Prashad, 1928, Mem. Indian Mus., 9: 23, pI. iv, figs. 1-4. 

Corbicula tribeniensis Preston, 1911, Rec. Indian Mus., 6: 40, fig. 3. Type locality: Tribeni 
near Calcutta. 

Distribution: West Bengal: Calcutta; Bihar: Bhagalpur; Bangladesh: 
Chittagong. 

Remarks: Shell subtringonal, thin, striae fine and microscopic. 

245. Corbicula cashmiriensis Deshayes, 1854. 
(Figs. 567, 568) 

Corbicula cashmiriensis Deshayes, 1854, Proc. zool. Soc. Lond., p. 344. Type locality: 
Kashmir. Prashad, 1928, Mem, Indian Mus., 9: 20, pI. iii, figs. 14-18. 

Types: BM (NH). 

Distribution: Restricted to Kashmir. 

Remarks: Shell rather trigonal, dorsal margin sloping and almost 
straight on either side of the umbones, ventral margin evenly arched, ending 
posteriorly in a distinct truncated beak in full grown specimens, sculptured 
with prominent and raised ribs, hinge broad and strongly developed. 
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246. Corbicula iravadica Blanford, 1880 
(Figs. 571, 572) 
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Corhicula iravadica Blanford, 1880, J. Asiat. Soc. Beng., 49: 221. Type locality: "Ad 
Mandelay, Urban capitalem regni Avae." Prashad, 1928, Mem. Indian Mus., 9: 
25, pI. iv, figs. 7-10. 

Distribution: Upper Burma; North Thailand. 

Remarks: Shell rather thin, dorsal slope slightly arched anteriorly, 
ventral margin distinctly arcuate anteriorly, posteriorly short and evenly 
arched, umbones prominent, the lunule and the escutcheon regions distinctly 
marked off by a darker colour, two valves raised as narrow wing in the middle 
of the escutcheon, striae may be absent or develop into distinct ribs. 

247. Corbicula krishnaea Ray, 1967 
(Figs. 569, 570) 

Corhicula krishnaea Ray, 1967, Arch. Moll., 96: 191, figs. 1, 2. Type locality: Krishna 
River, near Sangli, Pune, Maharashtra. 

Type: ZSI Regd. No. M 17807/3 (Holotype). 

Distribution: No subsequent report. 

Remarks: Shell thin, small, triangularly ovate, inequilateral, anterior 
side narrow and Dlore produced, posterior side broader and shorter, 
umbones prominent, slightly tumid, striae regular and distinct, escutcheon 
bearing distinct ribs, hinge plate well developed. 

248. Corbicula noetlingi von Martens, 1899 
(Figs. 559, 560) 

Corhicula noetlingi von Martens, 1899, Arch. Naturgesch., p. 47, pI. iv, figs. 7-9. Type 
locality: Small pool near H. Paung in the Northern Shan States. Annandale, 
1918, Rec. Indian Mus., 14: 141, pI. xix, fig. 12. Pras~ad, 1928, Menl. Indian 
Mus., 9: 24, pI. iv. figs. 21-25. 

Distribution: Widely distributed in the Northern and Southern Shan 
States, Burma; Thailand. 
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Remarks: Shell elongate ovate to subtrigonal, slightly inflated, broadly 
rounded anteriorly, narrowly truncate posteriorly, dorsal margin greatly 
arched anteriorly, nearly straight posteriorly, ventral margin slightly arched, 
umbones prominent, not inflated, anteriorly situated, periostracum olive 
yellow to brown or even black, sculptured with numerous distinctly raised 
concentric ridges, with broad interspaces. 

249. Corbicula peninsularis Prashad, 1928 
(Figs. 583, 584) 

Corbicula peninsularis Prashad, 1928, Menl. Indian Mus., 9: 21, pI. iv. figs. 13-16. Type 
locality: Bombay. 

Type: ZSI Regd. No. M 12833/2 (Holotype). 

Distribution: Not known beyond type locality. 

Remarks: Shell thick, large (30 mm.), ovately triangular, dorsal margin, 
very convex, posteriorly drawn out into a regular beak-like structure, um
bones prominent, tumid, periostracum glossy, chocolate brown colour, 
concentric, regular, broad and shallow ribs, pallial line distinctly notched, 
hinge strongly developed, anterior laterals shorter than the posterior ones. 

250. Corbicula solida Clessin, 1887 
(Figs. 577, 578) 

Corbicula solida CIessin, 1887,Mal. Blatt., (n.r.) 9: 76, pl. iii, fig. 1. Type locality: Sri Lanka. 
Prashad, 1928, Mem. Indian Mus., 9: 27. 

Type: BM (NH). 

Distribution: Sri Lanka. 

Remarks: Shell small, thick, triangular, anteriorly rounded, pos
teriorly subtruncate, dorsal margin angulate, ventral very arched, striations 
regular and fine, periostracum light olive green. 

251. Corbicula striatella Deshayes, 1854. 
(Figs. 575, 576) 

Corbicula striatella Deshayes, 1854, Proc. zool. Soc. Lond., 21: 344. Type locality: 
Pondicherry. Prashad, 1928, Mem. Indian Mus., 9: 18, pI. iii, figs. 9-11. 



HANDBOOK: Freshwater molluscs of India 205 

Corbicula subradiata Prime, 1861, Proc. A cad. Nat. Sci. Phi/ad., p. 128. Prashad, 1921, 
Rec. Indian Mus., 22: 613. 

Types: BM (NH). 

Distribution: Commonest Indian species and occurs throughout 
India, -Pakistan, Peshawar, Sindh and Burma. 

Remarks: Shell thick, large (22.7 to 42.3 mm), tumid, triangular ovate 
to ovate, dorsal nlargin arched, more on the anterior side than on the pos
terior, umbones prominent, periostracum shining lemon yellow in young, 
darker and often brownish in full grown specimens, striae regular, concen
tric and raised into ridges, pallial line with a trace of sinus, nluscle scars 
fairly deeply developed. 

252. Corbicula subnitens Clcssin, 1887 

Corbicula subnitens Clessin, 1887, Mal. Blatt. (n.f.) 9: 77, pI. iii, fig. 5. Type locality: 
Sri Lanka. Prashad, 1928, Mem. Indian Mus., 9: 27, pI. iii, fig. 13. 

Type: Not found (Prashad, 1928). 

Distribution: Sri Lanka. 

Remarks: Shell moderately thick, rather triailgular, dorsal margin 
arched, umbones central, periostracum dark olive-yellow, thick, distinct, 
concentric and regular ribs. 

253. Corbicula syJhetica Preston, 1908 
(Figs. 573, 574, 579, 580) 

Corbicula sylhetica Preston, 1908, Rec. Indian Mus. 2: 47. Type locality: Phenchooganj, 
Sylhet, Bangladesh. Prashad, 1928, Mem. Indian Mus., 9: 24, pI. iv, figs. 5, 6. 

Types: ZSI Regd. No. M 16950/2 (Syntypes). 

Distribution: Not known beyond type locality. 

Remarks .. Shell tumid, sUbtrigonal, dorsal margin sloping, ventral 
margin rounded, umbones slightly prominent, striae fine and irregular. It 
is allied to C. bensoni Deshayes and C. iravadica Blanford. 
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254. Corbicula tibetensis Prashad, 1929 
(Figs. 581, 582) 

Corbicula tibetensis Prashad, 1929, Mem. Indian Mus., 9: 61, pI. viii, figs. 3-5. Type 
locality: Tibet. 

Type: ZSI Regd. No. M 12837/2 (Holotype) 

Distribution: Tibet. 

Remarks: Shell thick, triangulately oval, olive brown colour, surface 
with concentric regular ribs, anterior side some what shorter than posterior. 
Umbones prominent, tumid, strong hinge, laterals compressed. According 
to Prashad (1929) the species is allied to C. jluminea on one hand and to C. 
cashmiriensis on the other. 

Genus 50. Villorita Griffith and Pidgeon, 1934 

Villorita Griffith and Pidgeon, 1934, Animal Kingdoln, 12: pI. xxxi, fig. 5. 

Type species: Cyrena cyprinoides Gray, 1825. 

Shell trigonal, thick, dorsal margin thick, umbones prominent, very 
distinct lunule, hinge with three oblique cardinal teeth in each valve, nuddle 
one well developed, anterior cardinal in the right and posterior oardinal 
in the left obsolete, two laterals, finely striate, anterior short and thick with 
a groove, posterior compressed, elongated and diverging, pallial line with 
a distinct but poorly developed sinus near the posterior adductor impression. 

Mantle margin with a regular row of finger shaped papillae, anal siphon 
very much short, siphonal orifices papillose, foot triangular and rather large, 
inner pair of gills broader. Backwaters of South India. 

Prashad (1921) discussed regarding the name and validity of the genus. 
He described the soft parts of V. cyprinoides (Gray). 

Prashad (1921) recognised only three distinct species viz. Villorita 
cyprinoides (Gray), V. corbiculoides Prashad and V. cornucopia Prashad. 
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Key to species 

1. Shell higher than long ..••••.••..•...........•..•..•.••..••••..•..•••...•..•.•••.•...........• ~ 

Shell longer than high ..........................................•.•.•...•... V. corbiculoides 

2. Lunule very short and even absent 

Lunule narrow but always present 

255. Villorita corbiculoides Prashad, 1927. 
(Figs. 585, 586) 

v. cornucopia 

V. cypr;noides 

Villorita corbiculoides Prashad, 1927, Rec. Indian Mus., 29: 284, text fig. I a-d. Type 
locality: Bombay. 

Types: ZSI Regd. No. M 12703/2 (Holotype). Paratypes in MNHN 

Distribution: Bombay. 

Remarks: Shell trigonal, moderately thick, more elongate, perios
tracum shining yellow to light brown, anterior margin short, regularly curv
ed, ventral margin greatly arched, posteriorly developing into an acuminate 
beak, concentric ridges on the surface, umbones slightly anterior, recurved 
forwards and inwards almost touching the hinge line, ridges prominent in 
the umbonal region, hinge weakly developed, laterals elongate and relatively 
thinner, pallial line slightly arched with a distinctly marked sinus. 

256. Villorita cornucopia Prashad, 1921. 
(Figs. 589, 590) 

Vi/lorita cornucopia Prashad, 1921, Rec. Indian Mus., 22: 118, pI. xv, figs. 11-14. Type 
locality: Komarakam, Vembanad Backwaters, Kerala. 

Types: ZSI Regd. No. M 11896/2. 

Distribution: Kerala backwaters, occasionally found in freshwaters. 

Remarks: Shell very high and comparatively narrow, dorsal margin 
broadly arched, anterior margin long and regularly curved, posterior Dlargin 
much longer than the anterior, ventral margin almost straight, umbones 
comparatively broad and high and recurved umbonal region with coarse 
concentric ridges, ligament very long and thick. 
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257. Villorita cyprinoides (Gray, 1825) 
(Figs. 587, 588, 591, 592) 

Cyrena cyprinoides Gray, 1825, Annals 0/ Philosophy, ns. 9: 136. Type locality: Back
waters of Kerala. 

Villorita cyprinoides: Prashad, 1921, Rec. Indian Mus., 22: 114, pI. xv, figs. 1-4. 

Types: BM (NH). 

Distribution: Backwaters of Kerala. 

Remarks: Shell fairly large, thick, anterior margin short, regularly 
curved above, almost straight in the middle, then with a rapid curve and 
meeting the ventral border, the latter curving upwards and meeting the 
posterior margin, the posterior margin nearly straight, much larger than 
the anterior, with thick concentric ridges, umbones prominent, near the 
anterior side, recurved, a large, thick external ligament posteriorly. 

Prashad (1921) distinguished two varieties, viz. V. cyprinoides var. 
cochinensis (Hanley) and V. cyprinoides var. delicatula Preston. The dis
tribution of the varieties is same as that of typical form. The two varieties 
differ froln each other and the typical form only in the general shape of the 
shell and in hinge teeth. 

Genus 51. Batissa Gray, 1853. 

Batissa Gray, 1853, Ann. Mag. nat. Hist., 11: 38. 

Type species: Cyrena tenebrosa Hinds 1842, SD Stoliczka, 1871. 

Shell roundedly ovate or subtrigonal, solid, thick, inequilateral, surface 
rough but without regular ridges, generally black in colour, anterior region 
short, regularly curved, posterior region much longer, umbones prominent, 
anteriorly placed, recurved forwards and inwards, but never touching each 
other in the middle, strong external ligament, hinge with three divergent 
cardinal teeth in each valve and two curved lateral teeth, the latter unequal, 
and serrated. 

Pallial impression simple or subsinuous, mantle lobes simple or fringed, 
t\VO short siphons, united at their bases. 

Andaman and Nicobar Islands and Indonesia. Backwaters, may extend 
into freshwaters. 
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Prashad (1921) studied the soft parts and discussed the Indian species 
of thl genus. He recognised two species viz. Batissa simi/is Prime and 
Batissa inflata Prime. 

258. Batissa inflata Prime, 1860 

Balissa -;,1/Iala Prime, 1860, Proc. zool. Soc. LOl1d., p. 320. Type locality: Nicobars. 
Prashad, 1921, Rec. Indian MilS., 22: 149, fig. 2b. 

Distribution: Andaman and Nicobar Islands. 

Remarks: Differs from B. simi/is in the following: Shell more oblique, 
inflated, anterior margin shorter and more slanting~ posterior margin more 
curved and not biangulate, hinge much more arched, teeth comparatively 
smaller, broader and coarser, laterals more serrate, cardinals sharper. 

259. Batissa similis Prime~ 1859 
(Figs. 597, 598) 

Balissa si/nilis Prime, 1859, Al1n. Lycell/ll Nat. Hisi. Soc., New York, 7: 112. Type loca
lity: Nicobars. Prashad, 1921, Rec. Indian MilS., 22: 147, fig. 2a. 

Distribution: Andaman and Nicobar Islands. 

Remarks: Shell very thick, anterior side shorter, posterior side much 
longer, biangulated distally, umbones anterior, hinge with two laterals? 
both serrated along upper inner margin, three ca.rdinals, areas bet\\'een the 
teeth deeply canaliculate. 

Prashad (1921) synonymised B. capillata Preston with this species. 

Genus 52. Geloina Gray, 1842 

Geloil1o Gray, 1842, Synopsis Brit. MilS., p. 75. 

Type species: Cyrena ze)'/anico Lamarck, 1818. (= Vellus COO_'(OIlS Gmelin, 1791, SD 
Gray, 1847). 

Shell medium to large, conlparatively thinner than in Batissa and 
Villo,.ita, oval to subtrigonal, rather convex, periostracum generally brownish
green or yellow, without conspicuous ribs, umbones prominent, almost 
central and incurved, cardinal teeth three in each valve, lateral teeth smooth 
and short, two in left valve and four in right valve, pallial tine entire. 
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Gills unequal in size, triangular labial palps. 

India, Sri Lanka, Malay Archipelago, Phillippines and Australia. 
Estuarine or backwater, may extend into freshwater. 

Prashad (1921) studied and revised the Indian species of the genus 
Cyrena (Geloina). Prashad (1932) reported three species from the Siboga 
collections. The species are very variable and "specimens even from the 
same locality differ in form, sculpture and thickness of shell.s" (Prashad, 
1932). The exanlination of collection in ZSI, has also proved the veracity 
of above statement. He included Geloina and Batissa under a separate 
family Geloinidae. Pending a final revision of this genus, the following 
two species have been provisionally recognised. 

G. erosa (Solander) and G. bengalensis (Lamarck) 

260. Geloina bengalensis (Lamarck, 1818) 
(Figs. 593, 594) 

Cyrena bengalel1sis Lamarck, 1818, Hist. Nat. Anil1i. SailS, Vert., 5: 554. Type locality: 
"Au Bengale, dans les rivieres." 

Geloina bengalellsis: Prashad, 1932, Siboga Expedition, Pelecypoda, 53 C: 175. 

Distribution: Wide range in the Indo-Pacific region. 

Remarks: Shell solid, subtrigonal, tumid, thick, inequilateral, perio
stracum blackish-brown, coarsely striated, posterior side produced, dorsal 
margin very small with a long slope, truncated at the end, anterior margin 
very short, posterior margin very long, high, markedly convex, umbones 
anterior. 

Prashad (1932) opined that the Cyrena sinuosa Desbayes and Cyrena 
impressa Deshayes should be referred to Geloina b engalens is. 

261. Geloina erosa (Solander, 1786) 
(Figs. 595, 596, 599, 600) 

Venus erosa Solander, 1786, Portland Catalogue, pp. 71, 186. 

Geloina erosa: Prashad, 1932, Siboga Expedition, Pelecypoda, 53c: 174. 

Distribution : Indo-Pacific, backwaters and estuaries. 
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Remarks: Shell large, solid, subtrigonal, inequilateral, periostracum 
thin and yellow or thick and a little brown, striae indistinct and in smaller 
specimens fringed, posterior side obtusely two angled, flattened, anterior 
side rather short. 

Prashad (1932) gave an extensive synonym. Cyrena ceyionica 
(Chemnitz) and C. galatheae (Moerch) mentioned by Preston may be syno
nyms of this species. 

Family 19. PISIDIIDAE Gray, 1857 

[ICZN, 1955, name corrected ex. Pisidiadae - Cycladidae Forbes & 
Hanley, 1853; Sphaeriidae Jeffreys, 1862] 

Shell small to minute, oval or quadrate, concentrically striated or 
ribbed, ligament partially to completely internal, hinge plate narrow, in 
each valve one or two small cardinals, those of right valve straight, right 
valve with two lateral teeth on either side, left with one anterior and one 
posterior. 

Mantle flaps separate, posteriorly one or two short siphons, one or 
two gills on either side, inner pair of gills serve as marsupium, hermaphro
dites. 

The family includes three cosmopolitan genera, namely Sphaerium 
Scopoli, 1777, Musculium Link, 1807 known as fingernail clams and 
Pisidium C. Pfeiffer, 1821, known as pill clams. The genus Musculium 
is not recorded from India. 

Key to the genera 

1. Posterior end of the shell longer than anterior end, beaks 
anterior, or if subcentral on the anterior side of the centre 

Anterior end of the shell longer than posterior end, beaks 

Sphaerium 

posterior or if subcentral on the posterior side of the centre ... . .. ... . .. ... PisidiuDl 

Genus 53. Sphaerium Scopoli, 1777 

Sphaeriunl Scopoli, 1777, bllroductie ad Historianl Naturale/II, p. 397. 

Type species: Te/lina cornea Linnaeus, (ICZN' opinion 94). 
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Shell oval or bluntly triangular, rather solid and concentrically striate, 
with nearly median beaks, without projecting caps. 

Branchial and anal siphons short and fused at their bases, embryos 
develop in each anterior gill in several thin walled longitudinal sacs, byssal 
gland absent. 

Subgenus Sphaerium s. str. 

Beaks rounded, not set off by projecting caps. 

Holarctic, Africa, 

Represented by five species in India and Burma. All in stagnant waters. 

Key to the species 

1. Unlbones prominent, capped with the embryonic shell, 
cardinal teeth weakly developed ........................................................... ~ ... ' 2 

Umbones less prominent and not capped, hinge stronger .................. s. illdicUlIl 

2. Shell large, 9.S mm in length, very much tunlid, with strong 
concentric striations .......................................... ..................... ... S. avallUI" 

Shell smaller and not very tumid, less strong concentric striae .................. .... .. 3 

3. Shell elongate ovate, rather thick and opaque, umbones more 
prominent projecting upwards and inwards ...... .... .... .... ............... S. austen; 

Shell subquadrate, umbones less prominent ............................................. 4 

4. Shell with nearly straight and short anterior half of dorsal 
margin, posterior part somewhat longer, markedly sloping 
and truncate .. ..... ........ ...... ..... ................ ... ..................... S. kashnlirellsis 

Shell with almost equal anterior and posterior halves 

262. Sphaerium (Sphaerium) austeni Prashad, 1921 
(Figs. 602-605) 

S. ",ontana 

Sphaeriul11 austen; Prashad, 1921, Rec. Indian Mus., 22: 617, fig. 35. Type locality: Naga 
Hills. 

Types: ZSI Regd. No. M 7141-8/2 (Syntypes). 

Distribution: Nagaland, Manipur. 
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Renlarks: Shell elongate ovate, swollen, anterior margin snlall and 
broadly rounded, posterior margin truncated and almost straight, umbones 
prominent and somewhat touching each other in the middle, shell smooth 
in young ones but with close-set concentric striae in the adult, dark horny to 
yellowish brown, nacre whitish to light blue. Right valve with two 
lamellar teeth, lower well developed, two cardinals, anterior large and 
triangular, posterior small and rounded, left with a single lateral on each 
side, two aardinals, anterior rounded and pad-like, posterior small, thin 
and lamellar. 

263. Spbaerium (Sphaerium) avanum Theobald, 1873 
(Figs. 606, 607) 

Sphaeriull1 avallu", Theobald, 1873, J. Asiat. Soc. Beng., 42 (2): 200, pI. 17, fig. 6. Type 
locality: Near Ava. 

Distribution: Burma: Ava, Pegu. 

Remarks: Shell quadrately round, a.nteriorly round and posteriorly 
truncate, equilateral, colour brownis.p yellow. 

264. Spbaerium (Spbaerium) indicum Desbayes, 1854 
(Figs. 600,601,611,612) 

Sphaeriuln illdiCUI11 Deshayes, 1854, Proc. zool. Soc. Lolld., 11: 342. Type locality: 
Rivers of India. Prashad, 1921, Rec. Ind. Mus., 11: 615, fig. 34. 

Distribution: India: Plains and Himalayas. 

Remarks: Shell inequilateral, right valve with a single well-developed 
cardinal, the second one when present very much reduced, laterals much 
better developed and less curved than in S. austen;. Mantle very thin and 
without any papillae on the edge. 

Prashad (1921) gave an account of its soft parts. 

265. Sphaerium (Spbaerium) kasbmirensis Prashad, 1937. 
(Figs. 608-610) 

Sphaerium kashlnirensis Prashad, 1937, Rec. India" MilS., 39 (3): 276, text. fig. 1. Type 
locality: Wular Lake, Kashmir. Rajagopal and Subba Rao, 1968, Proc. SY"1posiUlII 
on Mollusca, Part. 1, p. 150. 
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Type: ZSI Regd. No. M 16951/2 

Distribution: Kashmir. 

Remarks: Shell moderately swollen and moderately thick, anterior 
half of dorsal margin short, nearly straight, posterior part somewhat longer, 
markedly sloping, slightly arched in the upper region, then sharply truncate, 
umbones very prominent, very tumid, incurved almost touching in the 
middle line. Shell shining and light olive-coloured, well marked and close
set striae. 

266. Spbaerium (Spbaerium) montanum Tapparone Canefri, 1889 
(Fig. 613) 

Sphaerium Inontanliln Tapparone-Canefri, 1889, Ann. Mus. Civ. Store Nat. Genova, 7 (2): 
356. Type locality: Burma, Tenasserim. Prashad, 1921, Rec. Indian Mus., 22: 630, 
text fig. 36. 

Types: Genova Museum. 

Distribution: Burma. 

RenJarks: The species seems to be not very common. There is only 
one example in the National Zoological collections studied by Prashad 
(1921). 

Genus 54. Pisidium Pfeiffer, 1821 

Pisidiul11 C. Pfeiffer, 1821, Natllrgeschichet Deutscher Land ulld Wasser-Schnecken, 
Molluske i, pp. 17, 123, pI. 1. fig. 19; ii, 1825, p. 33; iii, 1828, p. 68. 

Type species: Tellina alnnica Mueller, 1774 Subsequent designation Gray, 1847, & ICZN 
opinion 335. 

Preston, 1915, Fauna Brit. India Mollusca (Freshwater Gastropoda and Pelecypoda), 
p. 224. Prashad, Rec. Ind. Mus., 22: 618. 

Shell small, ovoid to orbicula.r, equivalve, inequilateral, posterior side 
shorter and broader than the anterior side, nlore or less concentrically striate, 
thin, with olive horny periostracum, umbones pronlinent or tumidly obtuse, 
beaks posterior, ligament subexternal, lateral teeth double in right valve, 
single in left valve, cardinals two in left valve, one in right valve. 
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Mantle flaps with single siphonal canal, branchial siphon absent or 
represented by a mantle slit, enlbryos develop in each anterior gill in a thick
walled sac containing individual chambers for the embryos, byssal gland 
absent. Self fertilisation appears to be common. 

Mud-dwelling clams, with certain grain size preferences (Meir-Brook, 
1969). 

Cosmopolitan, often occurrIng at considerable altitudes . 

. Prashad, (1925, 1933) dealt ill detail on the species of Pisidium from 
India, Tibet, Yarkand, Persia and Syria. Kuiper (1962) dealt with the 
systematics of the genus. Dance (1967) reported on the species collected 
by the Mount Everest Expedition. 

Subgenus Pisidium s.str. 

267. Pisidium (Pisidium) casertanum (Poli, 1791) 
(Figs. 617, 618) 

Cardium casertallunz Poli, 1791, Test. Utr. SicU., 1: 65, pI. 16, fig. 1. Type locality: Sicily. 

Pisidium hydaspico/a Theobald, 1878, J. Asia!. Soc. Bellg., 47: 147. Type locality: Stream 
near Shupion, Kashmir. Prashad, 1925, Rec. Ind. Mus., 27: 414, pI. VII & VIII. 

Pisidium (PisidiUln) casertanllnl: Brandt, 1974. Arch. Moll.J lOS: 329, pI. 30, fig. 4. 

Distribution: India: Kashmir. Cosmopolitan 

Remarks: Shell strong, subcordate, ovate, somewhat tumid, feeble 
but distinct concentric striae, more distinct in young shells than in the old, 
dorsal margin sloping regularly more along the anterior than on the pos
terior side, ventral margin nearly straight, juveniles yellowish, full grown 
shells deep yellow, darker olive bands, ligament pit long and deep extending 
to about the middle of the binge plate. 

Subgenus Odhneripisidium 

268. Pisidium (Odhneripisidium) annandalei Prashad, 1925 
(Figs. 621, 622) 

Pisidium annandalei Prashad, 1925, Rec. Ind. Mus., 27: 420, pl. VII & VIII. Type locality: 
Pareshnath hin, Bihar (at an altitude of 1200 m.) 
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Types: ZSI Regd. No. M 7033-7034. 

Distribution: Sicily, Greece, Israel, S. E. Asia and Indonesia. 

Remarks: Shell small (2.6 mm), subtrigonal, thin, porcellaneous, 
slightly tumid, concentrically striated, close-set on the surface but less marked 
on the umbonal region, umbones not prominent, only slightly projecting, 
dorsal margin short, slightly arched with well marked shoulders on both 
anterior and posterior slopes, shining horny, ligament pit placed very far 
back starting from near the posterior end of the umbo. 

269. Pisidium (Odhneripisidium) appressum Prashad, 1933 

PisidiUI11 appreSSlIIll Prashad, 1933, Rec. Indian MilS., 35: 44, pI. 1, fig. 56. Type locality: 
Yarkand, W. Tibet. 

Type: ZSI Regd. No. M 14258/2 (Holotype). 

Distribution: Not known beyond type locality. 

Remarks: Shell small (2.8 mm), subtrigonal ovate, thin, fragile, close 
set and thick striae all over the surface, umbones prominent, placed pos
teriorly, dorsal slope regularly arched on either sides, ligament pit less than 
half the length of the umbo. 

Allied to P. yarkandense but differs from it in having more elongate 
shell, nlore prominent umbones, and markedly different hinge. 

270. Pisidium (Odhneripisidium) atkinsonianum Theobal~, 1876 
(Figs. 625, 626) 

Pisidiunt atkinsonianunz Theobald, 1876, J. Asiat. Soc. Bellg., 45 (2): 189. Type locality: 
Jongla, Sikkim, at an altitude of 10,000 ft. Prashad, 19'25, Rec. 1ndiall MilS., 27: 
417. pI. VII & VIII. 

Distribution: Darjeeling, Sikkim. 

Remarks: Shell nledium-sized, orbiculately ovate, not much swollen, 
feebly striate in young, more distinct and irregular 'in adults, umbones 
slightly tumid, not prominent, dorsa1 margin sloping slightly with a well
marked shoulder on the posterior slope, anterior margin subtruncate, broadly 
arched, posterior margin short, rounded, juveniles yellowish, adults dirty-
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olive, ligament pit about 2/3 the length of the umbo, deep, nearly reaching 
below the middle of the hingeplate. 

Allied to P. hydaspicola, but distinguished from it in the form of the 
shell, less prominent umbones and in hinge teeth. 

On examining the illustrations given by Prashad (1925) for this species, 
Dance (1967) opined that it may actually belong to P. kuiperi Dance. 

271. Pisidium (Odhneripisidium) kuiperi Dance, 1967 

Pisidium (Odhneripisidium) ku;per; Dance, 1967, J. Conch., Lond. 26 (3): 176, figs. 1-5. 
Type locality: Yatung. Himalaya Mountains, Sikkim, 3000 m. 

Types: BM (NH). 

Distribution: Sikkim. 

Remarks: Shell thin, semitransparent, dorsal Dlargin with a steeper 
slope posteriorly, ventral margin almost straight, umbones broad, central, 
not prominent, striae fine, irregularly spaced and concentric, periostracum 
pale yellowish-brown, hinge plate not conspicuously narrowed beneath 
the umbones, ligament pit long, about 1/5 length of the shell. 

According to Dance (1967) the shell illustrated by Prashad (1925) as 
P. atkinsonianum Theobald from Gangtok, Sikkim, may belong to this 
species. 

272. Pisidium (Odhneripisidium) stewarti Preston, 1909 
(Figs. 629, 630) 

Pisidiunl stewarti Preston, 1909, Rec. Indian Mus., 3: 116. Type locality: Tering Gompa. 
Gyantse Valley, Tibet, 4350 m. 

Pisidium (Neopisidium) prashad; Odhner, 1937, Arch. Moll., 69: 117, text. figs. 

Types: ZSI Regd. No. M 4231/1 (Holotype). 

Distribution: Tibet: Gyantse Valley, Kampa Dzong. 

Remarks: Shell small (2.3 mm.), subtrigonal, rather inflated, fine" con
centric striae, umbones prominent. 



218 Zoological Survey of India 

The altitude at whiah this species was recorded constitutes the higbest 
for a living bivalve mollusc (Dance, 1967). 

273. Pisidium (Odbneripisidiom) yarkaodense Prashad, 1933 
(Figs. 633, 634) 

Pisidium yarkandense Prashad, 1933, Rec. Indian Mus., 35: 3, pI. 1, figs. 3, 4. Type locality: 
Yarkand. 

Type: ZSI Regd. No. M 14257/2 (Holotype). 

Distribution: Yarkand. 

Remarks: Shell small (2.5 mm.), rather thin, almost transparent, 
orbicular-ovate, regular concentric striae, umbones less prominent, slightly 
tumid, placed posteriorly, with minute striae, ligament pit deep, about half 
the length of the umbo. 

274. Pisidium (Odhneripisidium) zugmayeri Weber, 1910 
(Figs. 619, 620) 

Pisidium (Fossarina) zugmayeri Weber, 1910, Zool. Jahrb., 29: 10. Type locality: Pangong 
Lake, Tibet. Prashad, 1933, Rec. Indian Mus., 35: 2, pI. 1, figs. 1.2. 

Type. ZM 

Distribution: Tibet. 

Remarks: Shell thick, with well-developed concentric ridges, hinge 
teeth very strongly developed. 

Subgenus Afropisidiom 

275. Pisidium (Afropisidiom) clarkeanom G. & H. Nevill, 1871. 
(Figs. 615, 616) 

Pisidium clarkeanum G. & H. Nevill, 1871, J. Asiat. Soc. Beng., 40: 9, pI. 1, figs. 4, 4a-d. 
Type locality: Moisrakha, on the banks of the Damodar river in Bengal. Prashad. 
1925, Rec. Indian Mus., 27: 408, pI. 7, figs. 1-2, pI. 8. figs. 1-3. 

Type: ZSI Regd. No. M 12531/2. 
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Distribution: Bihar: Harrapur, Bhagalpur; Uttar Pradesh: Roorkee; 
Maharashtra: Bombay; West Bengal: common in Calcutta tanks; Tamil .. 
nadu: Nilgiris (alt. 7400 ft); Manipur; Burma, Thailand, Laos. 

Relnarks: Shell moderately thick, greatly inflated, dorsal anterior 
slope distinct, somewhat curved, ventral margin only slightly curved, umbo 
projecting greatly over the hinge, surface pale yellow with close-set striae, 
much closer on the body than on the umbonal region, ligament promi
nent, thick, of a brownish colour, ligament pit narrow, about 1/3 the width 
of the hinge plate. 

276. Pisidium (Afropisidiom) eUisi Dance, 1967 

Pisidiuln (A/ropisidium) ellisiDam:e, 1967, J. Conch., Lond., 26 (3): 178, figs. 6-10. Type 
locality: Yatung, Himalaya Mountains, Sikkim, 3000 m. 

Types: BM (NH). 

Distribution: Sikkim. 

Remarks: Shell thin, semitransparent, dorsal margin sloping steeply 
on the posterior side, ventral margin gently curved, periostracum yellowish 
brown, striae fine and irregularly concentric, ligament pit long, about 1/3 
length of shell. 

277. Pisidium (Afropisidium) nevilliaoDm Theobald, 1876 
(Figs. 623, 624) 

Pisidium nevilliaIJum Theobald, 1876, J. Asiat. Soc. Beng., 45: 288. Type locality: Rurki 
(Roorkee), Uttar Pradesh. Prashad, 1925, Rec. Indian Mus., 27: 412, pI. VI[ & VIII. 

Type: ZSI Regd. No. M 12532/2. 

Distribution: India: Roorkee, Narmada River; Bangladesh: Bolagaoj. 

Remarks: Shell large, trigonal, thin and porct!llaneous, striae all over, 
very distinctly marked, very regular, umbonal region with much stronger 
and closely placed striae, umbones prominent, round, without appendiculae, 
dorsal margin sloping regularly and equally on both sides of the umbo, 
ligament pit comparatively long and deep, nearly straight below, about half 
the width of the hinge-plate in the middle, narrowing gradually 00 either 
ends. 
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Apparently allied to P. clarkeallum but differs from it in the shape and 
hinge, which is strongly developed in P nevillianum. 

278. Pisidium (AfropisidiuDl) stoliczkanum Prashad, 1933 
(Figs. 631, 632) 

Pisidiunl stoliczkanum Prashad, 1937, Rec. Indian Mus., 35: 5, pI. 1, figs. 7, 8. Type 
locality: Yarkand. 

Type: ZSI Regd. No. M 13825/2. 

Distribution: Yarkand, Western Tibet (14,000 ft.). 

Relnarks: Shell small (not more than 2.5 mm.), suborbicular to ovate, 
somewhat tumid, thin, strong, fine, concentric striae, dorsal margin sloping 
almost equally, rounded anteriorly and posteriorly, ligament pit deep, with 
ventral margin sloping. 

Allied to P. yarkandense, but in P. stoliczkanum the shell is more equi
lateral and more tumid, umbones more prolninent and centrally situated, 
and the hinge more strongly developed. 

Subgenus Eupisidium 

279. Pisidium (Eupisidium) mitchelli Prashad, 1925. 
(Figs. 627, 628) 

Pisidium mitchelli Prashad, 1925, Rec. Indian Mus., 27: 419, pI. VII & VIII. Type 
locality: Srinagar, Kashmir (out of the stomach of a trout caught in the Mansaballake 
at an altitude of 1500 m). 

Type: ZSI Regd. No. M 12533/2. 

Distribution: Kashnlir. 

Remarks: Shell large, subtrigonal, very tumid, thin and fragile, distinct 
close-set striae all over, deep horn colour, shining. 

Family 20. CULTELLIDAE Davies, 1935 

Genus 55. Tanysiphon Benson, 1858 

Type species: Tanysipholl rivalis Benson, 1858 by monotypy. 
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Shell small, thin and transversely elongated, periostracuDl greenish, 
beaks situated anteriorly; ligament external and short, hinge bearing three 
cardinal teeth in each valve, anterior two smaller and posterior tooth large 
and flattened, pallial sinus large. 

Inhabits estuarine waters, some times extending into freshwaters. 

Because of its superficial resemblance to Glaucononze, it was grouped 
in the family Glauoonomidae (formerly GlauGomyidae). 

280. Tanysiphon rivalis Benson, 1858 
(Figs. 639, 640) 

Tanysiphon rivalis Benson, 1858, Ann. Mag. nat. Hist. (3) 10: 408, pI. 12B, figs. 1-3. Type 
locality: Calcutta. Hanley and Theobald, Conch. Indica, p. 47, pI. 116, figs. 1 &4. 

Types: BM (NH). 

Distribution: Gangetic delta. 

Remarks: Foot hatchet-shaped, thick and posterior side notched, 
siphons united almost equallying the length of the shell, free extremity sur
rounded by distantly placed, inequal tentacles, branchial siphon larger, and 
orifice with tentacles, anal siphon smaller and orifice naked. 

Genus 56. Neosolen Ghosh, 1920 

Type species: Neosolen aqllaedulcioris Ghosh, OD 

Shell small and thin with truncate anterior and rounded posterior 
ends, one small long tooth in right valve, anterior adductor impression long 
and triangular, posterior one sDlall and rounded. 

Chilka Lake, Sunderbans. 

281. Neosolen aquaedulcioris Ghosh, 1920. 
(Figs. 641, 642) 

Neosolen aquaedulcioris Ghosh, 1920, Rec. Indian Mus., 19: 57, pI. ii, fig. 12, pI. iii, figs. 13, 
14. Type locality: Off Sarnal Island, Chilka Lake. 

Types: ZSI Regd. No. M 9981/2 (Syntypes). 
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Distribution: Off sarnal Island, Chilka Lake and Sunderbans. 

Remarks: Body flattened laterally with a narrow ventral surface, no 
cruciform muscle, siphons fused, long and segmented, with tentacular fringe 
around its aperture, gills plicate, short and deep. 

The species was first thought to be a dwarfed form of Solen .fones; 
Dunker (Annandale & Kemp 1916; Ghosh, 1916). 

Family 21. SOLECURTIDAE d"Orbigny, 1846 

Shell quardrately elongated with wide gapes at both ends. I-Iinge 
plate narro~- and weak; the pallial sinus either deep or shallo\v. 

Geologically the family dates back to Lower Eocene. It is divided 
into two sub-fanlilies, viz. Solecurtinae s.str. and Novaculininae E. N. 
Ghosh, 1920; the latter one is represented in the Oriental region. 

Subfamily NOVACULININAE E. N. Ghosh, 1920 

Originally the author erected this subfamily for the reception of 
the genus Novaculina Benson, but later Sinonovacula Prashad was also 
grouped in the same subfamily. Formerly the subfamily was included in 
the family Solenidae. But later researches have shown that in soft parts 
the members of this subfamily show more resemblance to that of Solecur
tinae than to that of Solenidae. 

Shell inequivalve, long and cylindrical resembling that of Solenidae, 
beaks placed anteriorly; hinge with two or three cardinal teeth. 

Foot short and stout with a disc-like anterior end projecting forwards 
and downwards. 

Genus 57. Novaculina Benson, 1830 

Type species: Novaculina gangetica Benson, 1830 by Monotypy. 

Shell subinequivalve.. transversely elongated, with uniform width 
throughout, umbones prominent and hinge line almost straight, hinge with 
three cardinals in left valve and two in right valve. 
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Siphons separate and as long as the shell in fully extended state, 
siphonal apertures constricted but not ciliated, DO cruciform muscle. 

Not known in fossil state. Generally in freshwater. 

In the Fauna volume two species were reported by Preston (1915). 

282. Novaculina andamanensis Preston, 1910. 
(Figs. 635, 636) 

NovQculina andamanensis Preston, 1918, Rec. Indian MilS., 2: 209, pI. 16, fig. 40. Type 
locality: Andamans. 

Type: ZSI Regd. No. M 20765/4 Holotype. 

Distribution: Andamans. 

Remarks: Shell oblong-elongate, periostracum yellowish-brown, 
umbones small, dorsal margin slightly sloped anteriorly, ventral margin 
constructed in the middle, anterior side rounded, posterior side produced 
in the middle, ventral margin somewhat angled below (Preston, 1915). 

The animal or the definite type-locality is not known. Until more 
material is collected the validity of this species is doubtful. 

283. Novaculina gangetica Benson, 1830 
(Figs. 637, 638) 

Novaculina gangetica Benson, 1830, Gleanings in Science, Calcutta, 2: 63; 1858, Ann. Mag. 
Nat. Hisl. Lond., (3) 10: 408, pI. 12B, fig. 4. Hanley and Thoebald, 1876. COllch. 
Indica, p. 41, pl. 116, fig. 7. Preston, 1915. Fauna Brit. India. Mollusca (Freshwater 
Gastropoda and Pelecypoda) p. 229. 

Types: BM (NH) 

Distribution: Ganges and the rivers connected with it. Specimens 
were collected from as far interior as Beaaras (Varanac;i), Bangladesh. 

Remarks: Shell oblong, with truncated extremities.. periostracum 
()livaceous. 
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Animal flattened in dorsoventral direction, foot. stumpy with a disc-like 
flattened surface. 

Branchial siphons l~nger and stouter than the anal, surface of siphons 
finely ribbed but not segnlented, apertures constricted and without tenta
cular fringe. 

E. N. Ghosh (1920) made a detailed study of the anatonlY of the spe(1ies 
and remarked that it is nlore primitive than the members of Solecurtinae. 
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FRESHWATER MOLLUSCS IN AQUACULTURE 

N. V. Subba Rao and A. Dey 

Aquaculture has developed into an effective tool in providing additional 
food resources for the increasing human population.in our country. It has 
been laying more stress on farming of fish, fin.;;fish and shell-fish in coastal 
waters, through several techniques involved in mariculture. Inland aqua
culture is primarily limited to raising of fish and to some extent fin-fish i.e. 
crustaceans. Although shell-fish are slowly gaining importance in coastal 
aquaculture, these are never viewed as commercially exploitable products 
in inland aquaculture. 

During the course of our faunistic surveys in Eastern and North-eastern 
States we have observed that there is a regular sale of shell-fish in. several 
of the vegetable markets. It is particularly so in Bihar, West Bengal, 
Mizoram and Arunachal Pradesh. Shell-fish are harvested in nature and 
brought to the market. The following data has been collected from different 
states. 

Bihar: 

Although there are several species of molluscs occurring in Bihar, only 
four species, namely Pi/a globosa (Swainson), Bellamya b enga len sis 
(Lamarck), Lamellidens marginalis (Lamarck) and Lamellidens corrianus 
(Lea) are favoured as food. These shell-fish are mainly consumed by people 
in the South Bihar. There is a regular sale of shell-fish in the markets -
in the districts of Singbhum, Ranchi, Palamau and Hazaribagh. The shell
fish are occasionally sold in the weekly markets in the towns of Tatanagar, 
Ghatsila, Haludpukur, Chaibasa, Chakradarpur, Manoharpur etc. The 
rate varies from· Rs. 1/- to Rs.3/- per kg. 

Bellamya bengalensis is favoured as a food by all sections of the people, 
while the other three species are eaten by tribal people. 

West Bengal: 

Freshwater shell-fish are sold in the markets in the districts of Purulia, 
Bankura (part), Midnapur (part), Darjeeling and Jalpaiguri. 
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All the four species of shell-fish that are favoured as food in Bihar are 
consumed by people in Lower Bengal. In the districts of Jalpaiguri and 
Darjeeling, a thiarid, Brotia costula is eaten by workers of teagardens. 

There is a regular sale of pond-snail, Bellamya bengalensis and fresh
water mussels, Lamellidens. marginalis and Lamellidens corrianus in the 
market of Jhargram. Bellamya sp. is sold at the rate of Rs. 3/- to 4/- per kg. 
whereas 8 to 10 nos. of Lamellidens cost Rs. 2/-. These shell-fish are nor
mally sold with their shells intact. But sometimes soft fleshy part removed 
from the shell is also sold. Brotia is sold in the fair or hat in teagarden 
areas. One lot of Brotia consisting of 20 to 25 nos. are packed in a banana 
leaf and is sold at Rs. 1/-. 

Mizoram: 

Molluscs form a staple food for people of Mizoram (Subba Rao and 
Dey, 1986). Local Mizo and Riang tribal people are very nluch fond of 
shell-fish. The following are the important edible shell-fish. 

Brotia costula (Rafinesque) 
Paludomus conica Gray 
Paludomus blanfordiana Nevill 
Solenaia soleniformis (Benson) 
Trapezoideus exolescens (Gould) 
Parreysia sikkimensis (Lea) 
Parreysia caerulea (Lea) 

The above species of shell-fish are collected regularly from the local 
streams and sold in Aizawl market. There is a continuous market for the 
freshwater shell-fish. The two common edible shell-fish are Brotia and 
Paludomus. The former is sold at Rs. 1/- per tin, weighing 250 gms. which 
includes 15 to 20 average-sized specimens. The latter is sold at Rs. 2/- per 
250 gms. which include about 40 to 50 average-sized specimens. 

The shell-fish are also sold in packets made of fresh banana leaves. 
Each packet consisting of 20 to 25 specimens of Paludomus or 10 to 12 
specimens of Brotia is priced at Rs. 1/-. 

The shell-fish are eaten throughout the year, except during monsoon 
months of June and July, but maximum during summer months (March to 
May). The level of consumers is variable from state to state. Shell-fish is 
generally a favoured item of low income groups. Pila, Lamellidens and 
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Brotia are eaten by low income group in Bihar and Bengal. The shell-fish 
are eaten by people in the rural areas. 

Process of preparation 

The fleshy. part is removed by breaking open the shell with a piece of 
stone or hammer. The flesh is cleaned with water. In case of mussels 
(bivalves) the flesh is removed after boiling the shell in water. When the 
flesh is cooked with oil, spices and vegetables especially, potato and brinjal, 
it is ready for consumption. 

It is the opinion of the people who eat shell-fish that there is no difference 
between it and the meat, except for a slight difference in taste. The rural 
consumers also believe that shell-fish food has some medicinal value. It 
helps in the improvement of eye sight and in controlling diarrhoea and gastric 
disorders. 

Collection 

Shell-fish are collected from their natural habitat by hand-picking and 
sometimes with the help of fishing nets. In some parts of Bihar (Singhbhum) 
Bellamya is collected by leaf-trap method. In this process palm leaves are 
placed in the littoral region of a pond or ditch in the evening. A number 
of pond-snails get attached to the palm-leaves. Next morning these are 
removed and the snails are hand picked. 

Compared to fish-farming, the aquaculture of molluscs is still in its 
infancy in our country. Nevertheless, this represents an underdeveloped 
area of aquaculture that deserves increased attention in view of its potential. 

There are two constraints in the development of shell fish resources 
in our country, sociological and unscientific exploitation. The first one is 
not a problem at least in some parts of eastern and north-eastern India. 
The local people are aware of the nutritive value of these nlolluscs. At 
present shell-fish are harvested in nature. Introduction of cultural prac
tices will ensure a steady and improved supply of proteinous reoipe to the 
reciprocative local population. 

As in agriculture, the health of shell-fish must be taken into considera
tion in aquaculture. Molluscs are intermediate hosts for a number of patho
genic zooparasites. The public health aspects of farming shell-fish have 
also to be taken into consideration. 



A LIST OF EDIBLE FRESHWATER MOLLUSCS 

Sf. Name of the species 
No. 

1. Pi/a globosa (Swainson). 

2. Bellamya bengalensis (Lamarck) 

3. Brotia costula (Rafinesque) 

4. Paludomus conica Gray 

5. Paludomus blanfordiana Nevill 

Local Name 

Genri - Bihar 
Samuk - W. Bengal 

Samuk/Gugli - Bihar, 
W. Bengal 

Chenkal - Mizo 
Chikangbook - Riang 

-do-

-do-

State in which 
used as.food 

Bihar, West Bengal 

Bihar, West Bengal 

North Bengal, (W. Bengal) 
Arunachal Pradesh, 
Mizoram 

Arunachal Pradesh, 
Mizoram 

-do-

Rate 

Re 1/= for 
·20 to 25 nos. 

Rs. 2/- to 4/-
per kg. 

Re. 1/- per tin 
which include 
15 to 20 a verag~ . . 

sIze specImens. 

Rs. 2/- per tin 
which include 
40 to 50 average . . 
sIze specImens. 

-do-
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*6. Lamellidens marginalis (Lamarck) Jhinuk - Bihar Bihar, West Bengal Rs. 2/- for 20 "Tj 

Katli - W. Bengal nos. in a lot. 
.... 
CD 
C'Il 

~ 
*7. Lanlellidens corrianus (Lea) -do- -do- -do- l» 

"" CD 
~ 

a 
8. Solenaia soleniformis (Benson) Tuikep - Mizo Mizoram Not observed 0 

~ 
~ 

Clampy - (Beta) - Riang in market = fI'.) 

0 
fI'.) 

0 

9. Trapezoideus exolescens exolescens Tuikep - Mizo -do- -do-
...., 
1-4 
=:s 

(Gould) Clampy - (Betia) - Riang ~ -. S» 

10. Parreysia sikkimensis (Lea) -do- Arunachal Pradesh -do-

ll. Parreysia caerulea (Lea) -do- -do- -do-

* Species prpducing pearls. 
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FRESHWATER PEARLS 

In addition to their importance as a supplementary food item of man, 
freshwater snails are also a valuable source of food for ducks. A few species 
of freshwater mussels produce pearls under natural conditions. Although 
pearls of marine origin are popular now, it is in fact in the freshwater that 
the first pearls have been cultured. Ancient Chinese had the knowledge 
of freshwater pearls. In the 13th century they had cultivated pearls in fresh
water mussels. Pearl production had its origin in the idea that the intro
duction of a foreign body into the mantle of a mussel induces the animal 
to secrete a pearl. In the old chinese method the shell of the mussel, Cris
laria plicata, is opened and a small piece of metal or a pellet of mud is in
troduced into the mussel between its mantle and the shell. The mussel is 
then returned to its bed. Due to the irritation caused by the foreign body 
the mussel secrets the shelly nacre around the foreign body, which becomes 
the nucleus. Pearls are generally recovered after three years. The cultured 
pearls of chinese were exclusively bliste~ pearls, which were of hemispherical 
shape. But the production of whole cultured pearl was perfected by 
Japanese by using the Dlarine pearl oyster. 

A molluscan shell generally consists of three layers. The outermost 
layer is the conchin, which is also known as periostracum. It is followed 
by two calcareous layers, the middle prismatic and the innermost nacreous 
layer or the mother-of-pearl layer. A pearl is made up of nacre surrounding 
a central nucleus. From this it can be inferred that every mollusc which 
has a shell can produce a pearl. But valuable pearls are produced by species 
which have an inner nacreous layer. 

In India, pearls are produced by two species of freshwater mussels viz., 
Lamellidens marginalis and Lamellidens corrianus. Both the species are 
common and widely distributed in India. Pearls have been recorded in the 
former in freshwater bodies near Calcutta. The size of the pearls ranged 
in weight from 0.8 mg to 10 mg (Raut & Biswas, in press). The size and 
colour of pearls varied from pond to pond and even within the same pond. 
These findings, however, indicate the possibility of freshwater pearl culture 
in India. Basic data on the natural history of pearls in Indian freshwater 
mussels has to be collected to make freshwater pearl culture a commercially 
viable project. Attempts are already in progress in Bangladesh to cultivate 
freshwater pearls. 

Irregular nacreous secretions are occasionally encountered inside the 
shell of the common freshwater bivalve, Lam ell idens. But the authentic 
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reports on the occurrence of freshwater pearls are from West Bengal. In 
addition to the previous records from Burdwan, Bongaon, Dum Dum and 
other places around Calcutta, the most significant occurrence of freshwater 
pearls is from a pond in Vidya Sagar Colony, Ramgarh, Jadavpur, Calcutta. 
Pink coloured pearls, whose colour correspond to the colour of the mother
of-pearl layer , were found in Lamellidens marginalis. As per the information 
given to us the mussels were around two years old. Pearls were found in 
the mussels having shell measurements of 82 x40 mm. and above. But 
it does not mean that all the shells with higher measurements will yield pearls. 
Normally each mussel would yield only one natural pearl. According to 
some jewellers of Calcutta the pond pearls can fetch Rs. 15 to Rs. 50 per 
each depending on the size and quality. From these observations it can be 
inferred that the aquatic bodies of West Bengal offer ideal conditions for the 
culture of freshwater pearls. 

Some of the important aspects of pearl culture that deserve special 
attention are as follows: 

1. Production of seed. In order to achieve perfection in this, detailed 
studies are to be undertaken on the life history of Lamel/idens 
marginalis and L. corrianus. 

2. Selection of a suitable nucleus. Marine pearl culture is already 
a success. The same nucleus which is used in the marine pearl 
cultivation, can be used in the freshwater mussel also. Some of 
~he species of Parreysia have thick shells, which may be tried as 
a source of calcareous nucleus. 

3. Insertion of nucleus into the body of a mussel. The timing and 
technique of the insertion of nucleus into freshwater mussel have 
to be developed. 

SHELL-FISHERIES OF NORTH BIHAR 

Freshwater shell-fish play an important role in the cottage industries, 
in Mehsi town of East Champaran district, Bihar. Shells of freshwater 
mussels are used in the manufacture of shell-buttons, ornaments and also 
in the preparation of slaked lime. Shell grit, dust and residual pieces are 
used in the preparation of poultry feed and mosaic tiles respectively (Banerje 
and Satish, 1988; Datta Munshi and Chowdhary, 1988). Parreysia 
(Radiatula) caerulea (Lea), Parreysia (Parreysia) favidens (Benson) and 
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Lamellidens corrianus (Lea) are the important shell-fishes on which the 
century-old shell industry of Mehsi town has been thriving. 

According to one . report (Banerji and Satish, 1988) Shell Button 
Industries, Mehsi are marketing finished shell products worth Rs. 20 lakhs 
annually. The annual requirement of raw material is around 700 tonnes. 
If the requirements of other manufacturers ·and also of the lime industry 
are taken into account the raw material demand will be definitely on the 
higher side. Such a huge demand for raw material had resulted in the over
exploitation of local resources leading ultimately to their depletion. IIi 
the begining shell-fish were collected from the tributaries of Ganga in North 
Bihar, such as Bagmati, Burhi Gandak and its tributaries. Depletion of 
local stocks has led to search of new areas. Collection centres have been 
shifted to the basins of River Bapti, Gomati of Eastern Uttar Pradesh and 
from Kamla. Balan and Kosi river system in north-east Bihar (Banerji 
and Satish, 1988; Datta Munshi and Choudhary, 1988). Nonavailability 
of raw material had its impact on the industrial units of the Mehsi town. 
The number of industrial units engaged in the Shell button and other shell 
products had decreased from the original 350 to 84 as at present (Datta 
Munshi and Choudhary, 1988). 

From the foregoing account it is clear that freshwater shell-fishes are 
important as food, as producers of pearls and as raw material to shell in
dustry. It also points out the need for sustained utilisation of the species 
involved and for the revival of shell-fish resources by aquaculture. 



Collection of shell-fish bya cast net. Noagram, Singbhum Dist. Releasing the c,at-ch from the net. 
Photo : A. Dey. 

Hand picking of sheU~fish, Noagram, Singbhum Dist. 



Washing sheU-fish after ,collection. Photo : A. Dey. 



Sale of .shen~fish in Jhargr.am market,W,est Beng,al. A basket cont,aining Bellam) a bengalensL\. 
A seller weighin,g sheU~fish for the prospectiv,e customer. Photo: A. Dey. 



A seller with Brotia costula, waiting for a customer, Atia bari hatt, near Jalpaiguri. Photo :: A. Dey. 



A view of the sheU-fish market in Aizawl, Mizoram. Photo : A. Dey. 

A c10seeup view of ,the baskets ,eonta,ining shell-fish; .on the left BrQt;a cos.tula and on the right 
PaiudQmus con;oa. Photo: A. Dey. 



An old woman removing the fleshy part of Pila vir ens to be fed to ducks in a village of Col air 
Lake. H,eaps of empty shells of pita can be seen jn some parts of Colair Lake, Andhr,a Pr,adesh. 
Photo; E.V. Muley. 

Flesh is removed by breaking the shell, Noagram . Photo: A. Dev,. 



Lamellidens marginaiis; a common freshwater mussel of India is known Ito produce pearls. So far 
an the records of natural freshwater pearls are from ponds in West Bengal. A mussel collected 
from the Vidyasagar pond, Jadavpur,Calcutta is shown on the top with valves open. A pink 
coloured pearl re:movedftom below the ligament is kept in the valve. 

(Below) Pearls collected over years by Mr. A.C. Pal from a pond in BiraUi, ne,ar Calcutta. 
Pho~o : S. Chatterjee. 



Two views of Camptoceras terebra Benson. The two specimens, measuring 4.65 X 1..45 mm and 
5.50 X 1.50 mm in length and diameter respectively were collected by Mrs. K ,Mitra (in 
December, 1987) from the exposed bed of River Hooghly at Mogr,a" 50 kms. ,north of Calcutta. 
This is the only recent collection of the species aft,erits original discovery by Henson in 1843. 
Photo : S. Chatterje,e 

(For text please see species No.lSI on page 144) 



HANDBOOK: Freshwater molluscs of India 233 

BIBLIOGRAPHY 

ABBOTT, R. T. 1948. Handbook of medically important molluscs of the 
Orient and the western Atlantic. Bull. Mus. Comp. Zoo/. 
Harvard, 100: 245-328. (1) 

ABBOTT, R. T. 1952. A study of intermediate snail host (Thiara granifera) 
of the oriental lung fluke (ParagoninJus). p,.oc. U. S. natn. 
Mus., 102: 71-116. (2) 

ADAM, W. AND LELOUP, E. 1938. Resultats scientifiques du voyage aux Indes 
Orientales Neerlandaises de LL.AA.RR. Ie Prince et Ia Prin
cesse Leopold de Belgique, Prosobranchia et opisthobranchia. 
Mem. Mus. r. Hist. nat. Belg. (Hors ser.), 2 (19): 1-209. (3) 

AGRAWAL, H.P.1972. Growth indices of Lymnaea Iuteola f. typica Lamarck 
(Mollusca : Lymnaeidae). J. zool. Soc. India, 23(2) : 119-123 
(1971) (4) 

'AGRAWAL, If.P. 1972. Breeding habits and early development of a pulmonate 
gastropod Lymnaea acuminata form typica Lamarck. J. zool 
Soc. India, 23(2) : 125,.129. (5). 

AGRA"WAL, H. P. 1975.. A check list of molluscs of Himachal Pradesh, 
India. Cheeta!, 16 (3): 38-41; 16 (4): 59-60. (6) 

AGRAWAL, H. P. 1976. Observations on correlation between body length 
and linear growth of the shell in the freshwater mussel, Lamel
lidens marginalis (Lamarck). J. Food Farm and Agric., 7 (8): 
19-20. (7) 

A9RAWAL, H. P. 1976. New records of freshwater gastropods from Madhya 
Pradesh, India. News!. zoo!. Surv. India. 2 (5): 191-192. (8) 

AGRAWAL, H. P. 1976. Aquatic & amphibious molluscs of Himachal 
Pradesh, India. Rec. zool. Surv. India, 71: 129-142. (9) 

AGRAWAL, H. P. 1977. Toxicity of nuvacron to certain species of fresh-
water gastropodC3. Proc. nat. Acad. Sci., 45 (B): 127-129. (10) 

AGRAWAL, H. P. 1977. A preliminary study on the rate of growth in the 
freshwater snail, Lymnaea acuminata Lamarck. Indian J. 
Zool., 16 (1): 43-46. (11) 

AGRAWAL, H. P. 1977. Growth indices of Lymnaea acuminala Lanlarck. 
J. Anim. Morpho!. Physiol., 24 (2): 285-291. (12) 

AGRAWAL, H. P. 1977. New records of freshwater pelecypods from Madhya 
Pradesh. Newsl. zoo!. Surv. India, 3 (4): 139-141. (13) 

AKHTAR, S. 1978. On a collection of freshwater molluscs from Lahore. 
Bi%gia, 24 (2) : 437-447. (14) 



234 Zoological Survey of India 

ANDREWS, E. 1933. The storage sac for capsule reinforcement in the 
Neritidae. Science, 78: 39-41. (15) 

AN~~E~S, E. 1935 Egg capsules of certain Neritidae. J. Morphol., 57: 
31-59. (1~ 

ANDREWS, E. 1937a. Secondary sex organs and taxonomy in the Neri-
tidae. Nautilus, 50: 100-113. (17) 

ANDREWS, E. 1937b. Certain reproductive organs in the Neritidae. 
J. M orphol., 61: 525-561. (18) 

ANDREWS, E. B. 1964. The functional anatomy and histology of the 
reproductive system of some pilid gastropod molluscs. Proc. 
malac. Soc. Lond., 36: 121-140, 4 figs. (19) 

ANDREWS, E. B. 1965a. The functional anatomy of the mantle cavity, 
kidney and blood system of some pilid gastropods (Proso bran
chia). J. Zool. Lond., 146: 70-94, 7 figs. (20) 

ANDREWS, E. B. 1965b. The functional anatomy of the gut of the pro-
sobranch gastropod, Ponlacea canaliculata and of some other 
pilids. Proc. zool. Soc. Lond., 145: 19-36, 6 figs. (21) 

ANJANEYULU, G. 1967. Amphistome [Trematoda: pigenea] from the gut 
of the snail, Pila globosa Swainson. Indian J. Helminth. 
19: 23-26, fig. (22) 

ANNANDALE, N. 1907. The fauna of brackish ponds at Port Canning, 
Lower Bengal. Part-I, Introduction and preliminary account 
of the fauna. Rec. Indian Mus., 1: 35-43 (Mollusca on 
p. 39). (23) 

ANNANDALE, N. 1912a. Notes on the fauna of Pareshnath Hill, Western 
Bengal. Rec. Indian Mus., 7: 33-49, Text-figs. 1, 2 (Mol
lusca on pp. 33-35, text-fig.). (24) 

ANNANDALE, N. 1912b. Some recent advances in our knowledge of 
the freshwater Fauna of India (a lecture delivered before the 
Asiatic Society of Bengal on the evening of March 27th, 
1912). J. Asiat. Soc. Beng. (n.s.), 8: 39-53, pIs. i-iii. (25) 

ANNANDALE, N. 1914. The African element in the freshwater Fauna of 
British India. IX Congr. Intern. zoo!. Monaco publ. pp. 579-
589. (26) 

ANNANDALE, N. 1915. A Naturalist's view of the Chilka Lake. Calcutta 
Review: pp. 1-15. (27) 

ANNANDALE, N. 1918a. Aquatic molluscs of the Inle Lake and con
nected waters. Rec. Indian Mus., 14: 103-182, pIs. x-xix. (28) 



HANDBOOK: Freshwater molluscs of India 235 

ANNANDALE, N. 1918b. Freshwater shells from Mesopotamia. Rec. 
Indian Mus., 15: 159-170, pI. xx. (29) 

ANNANDALE, N. 191,9a. The fauna of certain small streams in the 
Bombay Presidency. Rec. Indian Mus., 16: 109-161, pIs. 
I-VII (Mollusca on pp. 117, 119, 139-152). (30) 

ANNANDALE, N. 1919b. Further note on the burrow of Solenaia soleni-
formes. Rec. Indian Mus., 16: 205-206. (31) 

ANNANDALE, l'T. 1920a. Report on the freshwater gastropod molluscs 
of the lower Mesopotamia. Part-II. The family Planor
bidae. Rec. Indian Mus., 18: 147-149, Text-fig. 1 (32) 

ANNANDALE, N 1920b Indian freshwater molluscs assigned to the genus 
Bithynia. Rec. Indian Mus., 19: 41 .. 46. (33) 

ANNANDALE, N. 1920c. Materials for a generic revision of the fresh
water gastropod molluscs of the Indian Empire. No.1. 
The Indian genera of Melaniinae. No.2. The Indian genera 
of Viviparidae. Rec. Indian Mus .. 19: (pp. 107-110, Melaniinae; 
pp. 111-119, \liviparidae). (34) 

ANNANDALE, N. 1920d. The geographical distribution of the freshwater 
gastropod molluscs of the Indian empire and its direct bearing 
on that of human disease. Indian J. Med. Res. Calcutta, (spl. 
Congress). pp. 35-37. (35) 

ANNANDALE, N. 1921a. The fauna of Asiatic Lakes. Proc. Seventh 
. . Indian Science Congress, pp. 81 .. 83. (36) 

ANNANDALE, N. 1921b. The fauna of an Island in the Chilka Lake. 
Introduction. Rec. Indian Mus., 22: 313 .. 321. (37) 

ANNANDALE, N. 1921c The aquatic fauna of Seistan, A Sumnlary. 
Ret'. Indian Mus., 18: 235 .. 248. (38) 

ANNANDALE, N. 1921d. Indian fossil Vivipara. Rec. Geol. Sur". India, 
,51: 362-367, pI. XI. (39) 

ANNANDALE, N. 1921e. The apple snails of Malay Peninsula. J. fed. 
Malay St. Mus., 10: 193 .. 196. (40) 

ANNANDALE, N. 1921.(. The externa1 ornamentation of the shell in the 
·Viviparidae. Proc. Asiat. Soc. Beng., (n.s.) 17: 147. (41) 

ANNANDALE, N. 1921g. The aquatic and amphibious mollusca of 
Manipur. The prosobranchia. Rec. Indian Mus. 22: 538-
564, pI. IV-VI. (42) 

ANNANDALE, N. 1921h. The banded pond snail ot India (Vivipara 
bengalensis) pt. II. The edge of the Dlantle and external 



236 Zoological Survey of India 

ornamentation of the shell. pt II. Systematic. Rec. Indian 
Mus., 22: 243 .. 292.; (43) 

ANNANDALE, N. 1922a. The marine element in the fauna· of the Ganges. 
Bijder. Dierk. Amsterdam, ·22: 143-154. (44) 

ANNANDALE, N. 1922b. The genus· Telnnottiia (Viviparidae). Rec. Indian 
Mus. 22: 293-295. (45) 

ANNANDALE, N. 1922c. Advances in our knowledge of the fauna of the 
fresh and brackish waters of India, with a bibliography of the 
years 1912-1922. J. & Proc. Asiat. Soc. Beng., N.S. 18: 
527-554. (46) 

ANNANDALE, N. 1922d. Introduction to the study of the fauna of an 
Island in the Chilka Lake. Mem. Asiat. Soc. Beng., 7: 257-
287, pIs. VIII-XI. (47) 

ANNANDALE, N. 1922e. Materials for a generic revision of the freshwater 
gastropod molluscs of the Indian Empire No.5. The Indian 
Planorbidae. Rec. Indian Mus., 24: 257-263. (48) 

ANNANDALE, N. 1923. Animal life of the Ganges. J. Bombay nat. Hist. 
Soc., 29: 633-642. (49) 

ANNANDALE, N. 1924a. Fauna of Chilka Lake, Mollusca, Gastropoda 
(Revision). Mem. Indian Mus., 5: 853-873. (50) 

ANNANDALE, N. 1924b. The evolution of the shell sculpture in fresh
water snails of the family Viviparidae. Proc. Roy. Soc. Lond~, 
B 96: 60-76. (51) 

ANNANDALE, N. 1924c. The molluscan host of the human blood fluke. 
Proc. Eleventh Indian Sci. Congress, p. 168. (52) 

ANNANDALE, N. 1932. Zoological results of the Percy Sladen Trust 
Expedition to Yunnan Under the leadership of Prof. J. W. 
Gregory, F.R.S. (1922). Land molluscs and aquatic gastro
pod molluscs. J. & Proc. Asiat. Soc. Beng. (N.S.)., 10: 385-
422 pIs. 16 & 17. figs. 1-7 & 1-9. (53) 

ANNANDALE, N. & CHOPRA, B. 1924. Molluscs of the Siju Cave. Rec. 
Indian Mus., 26: 33-40. (54) 

ANNANDALE, N. & HORA, S. L. 1921. The fauna of Loktak Lake in 
Manipur. Proc. Indian Sci. Congr., Calcutta (n.s.), 17: 
147. (55) 

ANNANDALE, N. & KEMP, S. W. 1915. Fauna of the Chilka Lake, 
Introduction. Mem. Indian Mus., 5: 1-20, pIs. i, ii. (56) 

ANNANDALE, N. & KEMP. S. W. 1916. Molluscs, Gastropoda and 



· HANDBOOK: Freshwater monuscs of India 237 

Lamellibranchiata "in Fauna of the Chilka Lake". Mem. 
Indian Mus., 5: 327-374. (57) 

ANNANDALB, N. & PRASHAD, B. 1918. Note on the taxonomic position 
of the genus Camptoceras Benson and of Lithotis japonica 
Preston (Mollusca, Pulmonata). J. & Proc. Asiat. Soc. Beng. 
(N.S.) , 14: 457-462, pI. XII. (58) 

ANNANDALE, N. & PRASHAD, B. 1919. The fauna of certain small 
streams in the Bombay presidency VI. Some freshwater 
Molluscs from the Bombay presidency .. Rec. Indian Mus., 16: 
139-152, pI. XX. (59) 

ANNANDALE; N. & PRASHAD, B. 1919. Some gastropod molluscs from 
Gangetic delta. Rec. Indian Mus., 16: 241-257, pI. XX. (60) 

ANNANDALE, N. & PRASHAD, B. 1919. The molluscs of the inland waters 
of Baluchistan and of Seistan. Rec. Indian Mus., 18: 
17-63, pIs. III-VIII. (61) 

ANNANDALE, N. & PRASHAD, B. 1919. Report on the freshwater 
gastropod molluscs of lower Mesopotamia Part 1. The 
genus Limmaea. Rec. Indian Mus., 18: 103-115, pIs. XIII, 
XIV. (62) 

ANNANDALB, N. & PRASHAD, B. 1920. Further notes on the genus 
Camptoceras (Mollusca, Pulmonata). J. & Proc. Asiat. Soc. 
Beng., 16: 27-33, figs. 1, 2. (63) 

ANNANDALE, N. & PRASHAD, B. 1921. Materials for a generic 
revision of the freshwater gastropod Mollusca of the Indian 
Empire. No.3. The freshwater genera of the Hydrohiidae. 
Rec. Indian Mus., 22: 1-6. (64) 

ANNANDALE, N. & PRASHAD, B. 1921. Materials for a generic 
revision of the freshwater gastropod molluscs of the Indian 
empire. No.4. The Indian Ampullariidae. Rec. Indian 
Mus., 22: 7-12, text figs. (65) 

ANNANDALE, N. & PRASHAD, B. 1921. The Indian molluscs of the 
estuarine subfamily Stenothyrinae. Rec. Indian Mus., 22: 
121-136, pI. XVI, text fig. 1. (66) 

ANNANDALE, N. & PRASHAD, B., 1924. Report on a small collection of 
Mollusca from the Chekiang province of China. Proc. rna/ac. 
Soc. Lond., 19: 27-49. (67) 

ANNANDALE, N., PRASHAD, B., & AMIN-UD-DIN, 1921. The aquatic 
and amphibious Mollusca of Manipur. Rec. Indian Mus., 
22: 529-631, pls. IV-VIII. (68) 



238 Zoological Survey of India 

ANNANDALE, N., PRASHAD, B. & KEMP, S. W. 1919. The Mollusca of the 
inland waters of Baluchistan and qf Seistan, with a note on 
the liver fluke of sheep in Seistan. Rec. Indian Mus., ~8: 
17-63, pI. 3-8. (69) 

. ANNANDALE, N. & RAO, . H. S. 1923a. The molluscs of the Salt Range, 
Punjab. Rec. Indian Mus., 25: 387-397, pI. IX. (70) 

ANNANDALE, N. & RAO, H. S. 1923b. Further observations on tke 
molluscs of the Punjab Salt Range. Rec. Indian Mus., 25: 
601-602.. (71) 

ANNANDALE, N. & RAO, H. S. 1925. Further observations on the 
a4uatic gastropods of the Inle Water-shed. Rec. L'tdian Mus., 
27: 101-127. (72) 

ANNANDALE, N. & RAO, H. S. 1925. Materials for a revision of recent 
Indian. Limnaeidae (Mollusca, Pulmonata). Rec. Indian Mus., 
27: 137-189. (73) 

ANNANDALE, N. & SEWELL, R. B. S. 1920. Progress report on a 
survey of the freshwater gastropod molluscs of the Indian 
Empire and of .their treplatoQe parasites. Part-I. by N. 
Annandale, Part-II by R. B. S. Sewell. lndian J. Med. Res. 
Calcutta. pp. 93-117, 181-224.. (74) 

ANNANDALE, N. & SEWELL, R B .. S. 1921. T4e banded pond snails 
of India (Vivipara bengalensis). Rec. Indian Mus., 22: 215-
292. pis. I-IlL (7.5) 

ANNANDALE, N. & SEWELL, R. B. S. 1922. ~auna. of the Chilka Lake. 
The hydrography and Invertebrate fauna of Rambha Bay in 
an abnormal year. Mem. Indian Mus., 5: 677-710, pIs. (76) 

ANTHONY, J. G. 1865. Descriptions of two new species of Monocondy
loea and description of a new exotic Melania. American J. 
Conch., 1: 205-207. (77) 

ARuNA KUMARI, B. 1982. Studies on Thiarid snails of Andhra Pradesh 
with special reference to Melania crenulata (Deshayes). Ph. D. 
Thesis, Andhra University, Waltair. (78) 

BAHL, K. N. 1928. On the reproductive processes and development of 
Pi/a globosa (Swainson). Mem. Indian Mus., 9: I-II. (79) 

BAKER, F. c. 1905. Notes on the genitalia of Lymnaea. 
Naturalist, 39: 665-678. figs. 

The American 
(80) 

BAKER, F. C. 1945. The Molluscan family Planorbidae. Univ. Illinois 
Press, Urbana, 530 pp. (81) 



HANDBOOK: Freshwater molluscs of India 239 

BAKER, H. B. 1923,. Notes on the radula of the Neritidae. Proc. A cad. 
nat. Sci. Phi/ad., 75: 117-178. (82) 

BALAKRISHNA RAO, D., VENKATA SUBBAIAH, M. C., VENKATESWARA 

RAO, P. & SWAMI, K. S. 1971. A report on the emission of 
Cercaria pigmentata from Pi/a globosa (Swainson). Curro 
Sci.,,49: 160-161, 2 pis. (83) 

BALI, H:S. & DUIT, S.C. 1978. Studies of life history of the aquatic snail. 
Gyraulus convexiusculus (Hutton) (Gastropoda : Planorbi
dae) , Asian Congress of Parasitology, Bombay, Abstracts: 
205-206. (84) 

·BANERJEE, S. R. & SATISH, M. S 1988. Mussel shell products Industry in 
Bihar. Science Reporter, May, 1988 : 286-287. (85) 

'BASU, K.C., MAHATO, M.e. & DEY, A. 1977. Freshwater molluscs of 
Chota Nagpur (Bihar). Indian J. AninI. Res., 9(2): 107-109. (86) 

BENSON, W. H. 1830. Description of the animal Melania. Gleanings in 
Science, Calcutta. n, pp. 21-23. (87) 

BENSON, W. H. 1836a. Descriptive catalogue of a collection of land and 
freshwater shells, chiefly contained in the Museum of Asiatic 
Society. J. Asiat. Soc. Beng., 5: 741-750. (88) 

BENSON, W. H. 1836b. Description of the shell and animal of Nematura, 
a new genus of Mollusca inhabiting situation subject to alter
nation of fresh and brackish water. J. Asiat. Soc. Beng., 5: 
781-782. (89) 

BENSON, W. H. 1843. Description of Camptoceras, a new genus of Lym
naeidae allied to Ancylus, and of Trieula, a new type of form 
allied to Melania. Cal. J. Nat. Hist., 3 (3): 465-468. (90) 

BENSON, W. H. 1850. Characters of nine new or imperfectly described 
species of Planorbis inhabiting India and China. Ann. Mag. 
nat. Hist., (2) 5: 348-352. (91) 

BENSON, W. H. 1853. A revision of the genera of some of the families of 
Conchifera or Bivalve shells. Ann. Mag. nat. Hist., (2) 11: 
33-44. (92) 

BENSON, W. B. 1855. Amended characters of the singular Lymnaeadous 
genus Camptoeeras, and description of new Aneylus inhabi
tants of north western India. Ann. Mag. nat. Hist., (2) 15: 
9-13. (93) 

'BENSON, W. H. 1856a. Amended description of the genus Seaphula 
Benson, a freshwater form of the Arcacea; with characters 



240 Zoological Survey of India 

of a new species from Tenasserim. Ann. Mag. nat. Hist., 
(2) 17: 127-129. (94) 

BENSON, W. H. 1856b, Description of Tanystoma tubiferum, a Burmese 
form related to the genu~ Anostoma L~marck. Ann. Mag. 
nat. Hist., (2) 17: 129-131. (95) 

BENSON, W. H. 1856c. Descriptions of three new species of Paludomus 
from Burmah and some forms of Stenothyra (Nematura) 
from Penang, Mergui eto. Ann. Mag. nat. Hist., (2) 17: 494· 
501. (96) 

BENSON, W. H. 1858. Characters of Tanysiphon, a new genus of fluviatile 
shells, allied to Myacidae. Ann. Mag. nat. Hist., (3) 1: 407-
4l0, pI. XIJB, figs. 1-4. (97) 

BENSON, W. H. 1860. Descriptions of fr~shwater shells collected in 
Southern India QY Lieut. Charles Anneslay Benson. Ann. Mag. 
nat. Hist., (3) 6: 257-260. (98) 

BENSON, W. H. 1862a. Descr~ptions of Ind~an and Burmese species of the 
genus Unio. Ann. Mag. nat. Hist., (3) 10: 184-195. (99) 

BENSON, W. H. 1862b. Description of a singular shell from Southern India, 
allied to Tan alia, with r~marks on a Travancore Batissa and 
on the Himalayan form Tricula. Ann. Mag. nat. Hist., (3) 10: 
414-416. (100) 

BENTHEM JUTTING, W. S. S. VAN 1953. Systematio studies on the non
marine mollusoa of the Indo-Australian Archipelago iv. 
Critical revision of the freshwater bivalves or. Java. Treubia, 
22 (1): 19-73, 22 figs. (101) 

BENTHEM JUTTING, W. S. S. VAN 1956. Systematic studies on the non
marine mollusca of the Indo-Australian Archipelago v. 
Critical revision of the 'Javanese Freshwater Gastropods. 
Treubia, 23 (2): 259-476, figs. 1-135. (102) 

BERRY, A. J. & KADRI, A. B. H. 1974. Reproduction in the Malayan 
freshwater cerithiacean gastropod M elanoides tuberculata. 
J. Zool. Lond., 172: 369-381. (103) 

BHARGAVA, S. C. 1968. Studies ·on the heart of gastropod molluscs; 
Pi/a globosa Swainson and Ap/ysia fimbriata Adam & Reeve. 
Proc. Symposium on Mollusca, Mar. bioi. Ass. India, 1: 360-
369. (104) 

BISWAS, A. K. & GHOSE, K. C. 1968. Elaboration of enzymes in the 
digestive gland of Viviparus, bengalensis (Mollusca: Gastro-



HANDBOOK: Freshwater molluscs of India 241 

poda) during the first hours of digestion. J. Zool. Lond., 156: 
325-332, figs. (105) 

BISWAS, G. & SUBRAMANIAN, G. 1978a. Laboratory rearing and breeding 
of Indoplanorbis exustus. Indian J. Parasitology, 2 (1): 
77-78. (106) 

BISWAS, G. & SUBRAMANIAN, G. 1978b. Host parasite relationship of 
Schistosoma nasale and Indoplanorbis exustus. Asian Congress 
of Parasitology, Bombay. Abstracts V-26. : 277. (107) 

BLANFORD, W. T. 1863. Descriptions of Cremnobates syhadrensis and 
Lithotis rupicola, two new generic forms of Mollusca 
inhabiting cliffs in the Western Ghats of India. Ann. Mag. 
nat. Hist. (3) 11: 184-187, pI. 4. (108) 

BLANFORD, W. T. 1866. Contributions to Indian Malacology no. VII. 
List of species of Unio and Anodon~a described as occurring in 
India, Ceylon and Burma. J. Asiat. Soc. Beng., N.S. 35 (2): 
134-155. (109) 

BLANFORD, W. T. 1867. Contributions to Indian Malacology no. VIII. 
List of estuary shells collected in the delta Irawaddy, in Pegu, 
with descriptions of the new species. J. Asiat. Soc. Beng., 
36 (2): 51-72, pIs. xii-xiv. (110) 

BLANFORD, W. T. 1869. Descriptions of new land and freshwater molluscan 
species collected by Dr. John Anderson in Upper Burma and 
Yunnan. Proc. zool. Soc. Lond., pp. 444-450. (111) 

BLANFORD, W. T. 1870. Contributions to Indian Malacology no. XI. 
Description of new species of Paludomus, Cremnoconchus, 
Cyclostoma and of Helicidae from various parts of India. J. 
Asiat. Soc. Beng.) 39 (2): 9-25, pI. 3. (112) 

BLANFORD, W. T. 1870. On Georissa, Acmella (C.vclostoma tersum 
Benson), Tricula and Cyathopoma millium Bens. Ann. Mag. nat. 
Hist., (4) 6: 368-370. (113) 

BLANFORD, W .. T. 1880. Contributions to Indian Malacology no. XII. 
Descriptions of new land and freshwater shells from southern 
and western India, Burma, the Andaman Island & C. J. Asiat. 
Soc. Beng., 49 (2): 181-222, pIs. 1, 2. (114) 

BLOOMER, H. H. 1931. A note on the anatomy of Lamellidens marginalis 
Lamarck and L. thwaitesii Lea. Proc. Ina/ac. Soc. Lond., 19: 
270-272. (115) 

BOURNE, GILBERT ~. 1908. Contributions ·to the morphology of the 
group Neritacea of the Aspidobranch Gastropods. Part-I. 



242 Zoological Survey, of India 

The Neritidae. Proc. malac. Soc. Lond., 2: 810-888. (116) 

*BOUTAN, L. 1893. Memoire sur Ie systeme nerveux de la Nerita polita 
et de la Navicella porcellana. Arch de zool. exper. et. gen, 
(3)1:221. (117) 

*BRAHMACHARY, R. L. 1964. Free amino acids in the egg fluid and 
embryos of Pila. Experinzentia, 20: 133-134, 4 figs. (118) 

*BRAHMACHARY, R. L., BANERJEE, K. P. & BASU, T. K. 1968. Investigation 
on transcription in Limnaea embryos. Expl. Cell. Res., 55: 
177-184,2 figs., 4 tabs. (119) 

BRAHMACHARY, R. L., GHOSAL, D. & TAPAswl, P. K. 1971. Rhythmic 
incorporation of P and C uracil in early mitotic cycles of 
Limnaea (mollusc) eggs. Z. Naturforsch., (B) 26: 822-824, 
4 tabs. (120) 

BRAHMACHARY, R. L., GHOSAL, D., TAPASWI, P. K. and BASU, T. K. 1971. 
Rhythmic incorporation of 35s during early embryonic 
mitosis in Limnaea (Mollusc). Expl. Cell. Res., 65: 
325-328, 6 tabs. (121) 

*BRAHMACHARY, R. L. & GHOSAL, D. 1977. Sulfated macromolecules in early 
embryos of Lymnaea. Z. Naturforsch. Sect. C. (Bio. Sci.) 31 
(7/8) : 488. 1976. (122) 

'BRAHMACHARY, R. L., TAPASWI, P. K. & GHOSAL, D. 1970. Transcription 
of 4s RNA in Limnaea (Mollusc) embryos. Z. Naturforsch, 
(B) 25: 1318-1319, figs. 5, 1 tab. (123) 

BRAHMACHARY, R. L., TAPASWI, P. K. & GHOSAL, D. 1971. Further inves-
tigations on transcription in Limnaea (Mollusc). Z. Natur
forsch., (B) 26: 271-272, 3 tabs. (124) 

BRAHMANANDAN, VIJAYLAKSHMI 1976. Changes in nucleotides, organo
phosphates and organophospho transferases in the foot 
muscle of the pond snail Pi/a globosa during aestivation (Gas
tropoda: Ampullariidae). Veliger, 19 (l): 90-95. (125) 

BRANDT, R. A. M. 1974. The Non-marine Aquatic Mollusca of Thailand. 
Archiv. Molluskenk, 105 (I-IV): '1-423. (126) 

BROT, A. 1874. "Die Melaniaceen (Melaniidae)" Martini and Chemnitz's 
Syst. Conch. cab., (ed. Kuster), 1 (24): 488 pp. 49 pIs. (127) 

BROWN, DAVID S. 1980. Freshwater snails of Africa and their medical 
importance, Taylor and Francis, London pp., i-x+ 1-487. (128) 

BURCH, J. B. 1965. Cytotaxonomic studies of freshwater limpets 
(Gastropoda: Basommatophora) III. Japanese Ferrissia and 
Gundlachia. M alacologia, 2: 253-258. (129) 



HANDBOOK: Freshwater molluscs of India 243 

BURCH, J. B. & LINDSAY, G. K. 1973. Taxonomic groupings in the 
Lymnaeidae. Bull. American Malac. Union., 1973, p. 15. (130) 

CHATI'ERJEE, B. 1970. Studies on the reproductive system in gastropods. 
Ph.D. Thesis, University of Calcutta. 155 pp., 108 figs. (131) 

CHATTERJEE, B. and GHOSE, K. C. 1974. Seasonal variation in stored 
glycogen and lipid in the digestive gland and genital organs 
of two freshwater prosobranchs. Proc. malac. Soc. Lond., 
40 (5): 407-412. (132) 

CHATTERJEE, N. 1960. Studies on the cytoplasmic inclusions of neurones 
of Pi/a globosa. Proc. Indian Sci. Congr., 47 (3): 492 
(Abst.) -(133) 

CHATTERJEE, P.B. 1982. Molluscan pests of azolla. International Rice Res. 
Newsl., 7 (3) : 16. (134) 

CHAUDHURY, H. S. & NARAIN, A. S. 1971. Automatism of the isolated 
heart of the freshwater mussel, Lamel/idens corrianus. Aust. 
Zool., 16: 90-91. (135) 

DALGLEISH, G. 1907a. The freshwater Mollusca of Tirhut, Bengal. J. 
Bombay nat. Hist. Soc., 17: 955-956. (136) 

DALGLEISH, G. 1907b. Some Indian freshwater shells. J. Bombay nat. 
Hist. Soc., 18: 92-100. (137) 

DANCE, S. P. 1967. Pisidium collected by the 1924 Mount Everest Ex
pedition, with descriptions of two new species (Bivalvia: 
Sphaeriidae). J. Conch. Lond., 26 (3): 175-180. (138) 

DAS GUPTA, B. 1973. Biology of some parasitized fr~shwater gastropods 
and their trematode parasites. Ph.D. Thesis, University of 
Calcutta, 170 pp. (139) 

DAS GUPTA, B. 1978. Seasonal fluctuation in infection of snail with 
trematode larvae. Asian Congress of Parasitology, Bombay, 
Abstracts, IV: 245. (140) 

DAS GUPTA, B. & -GHOSE, K. C. 1977. Changes in glycogen and lipid 
level in freshwater basommatophores infecte~ with trematode 
larvae. First National Congress of Parasitology, Baroda, Abs
tracts, p. 34, No. 53. (141) 

DATTA MUNSHI, J.S. & CHAUDHARY, L.K.1988. Impact of embankments and 
Barrage of Kosi river on Shell-fisheries and the present status 
of Mother of Pearl (M 0 P) Button Industries of North 
Bihar. 9 pp. (MSS). (142) 

DAVIS, G. M. 1967. The systematic relationship of Pomatiopsis lapidaria 



-244 Zoological Survey of India 

(Say) and Oncomelania hupensis formosana (Gastropoda: 
Hydrobiidae). Malacologia, 6: 1-143. (143) .... 

DAVIS, G. M. 1968. New Tricula from Thailand. Arch. Molluskenk., 98: 
271-317, 22 figs. 12 tabs. (144) 

*DAVIS, G. M. 1969. Electrophoretic, immunological and biological pro
perties of a population of Semisulcospira transmitting Para
gonimus westermani in Japan. Japan. J. Parasitol., 18: 
93-119. (145) 

DAVIS, G. M. 1971. Systematic studies of Brotia costula episcopa/is, first 
intermediate host of Paragonimus westermani in Malaysia. 
Proc. A cad. nat. Sci.. Phi/ad., 123 (3): 53-86, 11 figs, 15 
tabs. (146) 

DAVIS, G. M. 1979. The origin and evolution of the gastropod family 
Pomatiopsidae with emphasis on the Mekong River Triculinae. 
Academy of Natural Sciences of Philadelphia Monograph, 
20: 120 pp. (147) 

DAVIS, G. M. 1980a. Snail hosts of Asian Schistosoma infecting man: 
evolution and coevolution. In Bruce, J. and S. Sornmani, 
eds. The Mekong Schistosome. Malacological Review, 
Supplement No.2: 195-238. (148) 

*DAVIS, G. M. 1980b.. Different modes of adaptive radiation in the Poma
tiopsidae (Prosobranchia: Mesogastropoda). Haliotis, 10 
(2): 44. (149) 

DAVIS, G. M., YUAN-HuA Kuo, K. E. HOAGLAND, PU-LIN CHEN, HONG-Mu 
YANG, & DE-JI CHEN 1983. Advances in the systematics 
of the Triculinae (Gastropoda: Prosobranchia): the Genus 
Fenouilia of Yunnan, China. Proc. A cad. nat. Sci. Phi/ad., 
135: 177-199. (150) 

DAVIS, G. M., YUAN-HuA Kuo, K. E. HOAGLAND, PU-LIN CHEN, HONG-Mu 
YANG, & DE-JI CHEN, 1984. Kumingia, a new genus of 
Triculinae (Gastropoda: Pomatiopsidae) from China: Phenetic 
and Cladistic relationships. Proc. A cad. nat. Sci. Phi/ad., 
136: 165-193. (151) 

DAVIS, G. M., SUBBA RAO, N. V. & HOAGLAND, K. E. 1986. In search 
of Tricula (Gastropoda: Prosobranchia): Tricula defined, and 
a new genus described. Proc. A cad. nat. Sci. Phi/ad., 138 (2): 
426-442. (152) 

DEVERAJ, K.V., MANISSERY, J.K. & SUBRAMANYA, M.N. 1977. Studies 
on the control of freshwater pond snails, Lymnaea luteola 



HANDBOOK: Freshwater molluscs of India 245 

(La~arck) and Indoplanorbis exustus (Deshayes) in cement 
cisterns used for raising ornamental fishes and plants. 
Mysore J. agric. Sci., 11(4) : 582-587. (153) 

DINAMANI, P. 1957. On the stomach and associated structures in the 
backwater clam, Villorita cyprinoides (Gray) yare cochinensis 
(Hanley). Bull. Cent. Res.Inst. Univ. Kerala., 5: 123-148. (154) 

*DJAJASASMITA, M. 1977a. An annotated list of the species of the genus 
Corbicula from Indonesia (Mollusca: Corbiculidae). Bull. 
Zool. Mus. Univ. Amst., 6(1): 1-9. (155) 

DJAJASASMITA, M. 1977b. A new species of freshwater clam from Java, 
Indonesia (Bivalvia: Corbiculidae). Veliger, 19(4): 425-426. (156) 

DOWAM, B. A. & JOSHI, S. 1967. Effect of 2.6-Di-aminopurine on the 
early development of Planorbis exustus. Naturwissenschaften, 
54: ~44. (157) 

DURRANI, M. Z. & CHAUDHRY, A. H. 1967. Studies on the life 
cycle of lndoplanorbis exustus (Planorbidae: Gastropoda) 
under controlled conditions. Pakist. J. vet. Sci., 1: 14-16, 
tab. (158) 

DUTT, S. C. and BALI, H. S. 1977. Studies on the life history of the 
aquatic snails, Lymnaea luteola, L. auricularia rufescens and 
Indoplanorbis exustus. First National Congress of Parasitology 
Baroda, Abstracts, 51. (159) 

DUTT, S.C. & BALI, H.S. 1981. Snails of the Punjab State and their trema
tode infections. J.Res. Punjab agri. Univ., 17(2) (1980) : 222-
228. (160) 

Durr, S. C. & SRIVASTAVA, H. D. 1964. Studies on the life-history of 
Orientobilharzia turkestanicum (Skrjabin, 1931) Dutt and 
Srivastava, 1955 (Preliminary Report). Curro Sci., 33 (24): 
752-753. (161) 

DUTT, S. ,C. & SRIVASTAVA, H. D. 1968. Studies on Schistosoma nasale 
Rao, 1933. Molluscan and mammalian hosts of the blood 
fluke. Indian J. Vet. Sci., 38: 210-216. (162) 

DUTT, S. C. & SRIVASTAVA, H. D. 1972. The life history of Gastrodiscoides 
hominis '(Lewis and McConnel, 1876) Leiper, 1913. The 
amphi~tome parasite of man and pig. Jour. Helm., 46 (1) : 
35-46. (163) 

FRETTER, V. 1946. The genital ducts of Theodoxus, Lamellaria and 
Trivia and a discussion on their evolution in the prosobranchs. 
J. mar. bioi. Ass. U.K., 26c: 312-351. (164) 



246 Zoological Survey of India 

FRETTER, V, 1965.-Functional studies of the anatomy of some neritid 
prosobranchs. J. Zool. Lond., 147: 46-74. (165) 

FRETTER, v. 1966 Some observations on neritids. Malacologia, 5: 
79-80. (166) 

FRIERSON, L. S. 1710-11. Notes on the Oriental Unionidae. Nautilus, 
24: 92-94 & 97-98. (167) 

GADGIL, R. K. & SHAH, S. N. 1955 Human schistosomiasis in India 
Part II Infection of snail with Schistosoma haematobium. 
Indian J. Med. Res., 43 (4): 695-701. (168) 

GANAPATI, P. N. & RAo, K. HANUMANTHA 1968. On anomalous emission 
of echinostome larval stages and the intraredial encystment of 
cercariae in the snail, Pila globosa Swainson. Curro Sci., 37: 
19-20, 2 pIs. (169) 

GEORGE, J. C. & DESAI, B. N. 1955. On the liver fat in Pila globosa 
(Swainson). J. Anim. morpho Physiol, 1: 56-58. 1954. (170) 

GEORGE MICHAEL, R. 1966. On the development of two pulmonate 
gastropods, lndoplanorbis exustus (Deshayes)' and Lymnaea 
luteola f. typica (Lamarck). J. zool. Soc. India, 16 (1-2): 
68-75 (1964). (171) 

GERMAIN, L. 1909. "Note sur les planorbes recueillis parle Captaina 
'F. H. Stewart en Tibet. Rec. Indian Mus., 3: 117-120. (172) 

GERMAIN, L. 1921-24. Catalogue of Planorbidae in the Indian Museum 
(Natural history) Calcutta. Rec. Indian Mus., 21: 1-210, 
pIs. I-IV. (173) 

GHOSH," E. N. 1912. On the nervous system of Ampul/aria globosa. Rec. 
Indian Mus., 7: 77-82, fig. (174) 

GHOSH, E. N. 1918. On the anatomy of certain Indian Unionidae. Rec. 
Indian Mus., 15: 109-122, pI. XVI. (175) 

GHOSH, E. N. 1920. Taxonomic studies on the soft parts of the Solenidae, 
Rec. Indian Mus., 19: 47-48, pis. ii-iii. (176) 

GHOSH, E. N. 1922. On the anatomy of Scaphula Benson, with description 
of a new species. Proc. zool. Soc. Lond., pp. 1139-1144. (177) 

GHOSH, C. & GHOSE, K. C. 1972. Reproductive system and gonadal 
activities in Lamel/idens marginalis. The Veliger, 14: 283-288_ 

(178) 

* GILMAN, R.H., MO~'DAL, G., MAKSUD, M., ALAM, K., RUTHERFORD,E., 
GILLMAN, J.B. & KHAN, M.U. 1982. Endemic focus of 



HANDBOO~: Freshwater molluscs of India 247 

Fasciolopsis buksi infection in Bangladesh. American J. trop 
Med. Hyg., 31(4) : 796-802. (179) 

GILSON, G. 1896. Female organs of Neritina j/uviatilis. Proc. malac. Soc. 
Lond., 2: 81-83. (180) 

GODWIN-AuSTEN, H. H. 1882. Land and freshwater Mollusca of India. 
London, pts. I, II: 1-65. (181) 

GODWIN-AuSTEN, H. H. 1883. Land and freshwater Mollusca of India. 
London, pt. III: 67-94; pt. IV: 95-123. (182) 

GODWIN-AuSTEN, H. H. 1884. Land and freshwater Mollusca of India. 
pt. V: 123-148 (183) 

GODWIN-AuSTEN, H. H. 1897. Land and freshwater Mollusca of India. 
vol. II (pt. vii): 1-45, pIs. lxiii-lxix. (184) 

GODWIN-AuSTEN, H. H. 1898. Land and freshwater Mollusca of India. vol. 
ll. (pt. viii): 45-86, pIs. lxx-Ixxxiii. (185) 

GODWIN-AuSTEN, H. H. 1899. Land and freshwater Mollusca of India. 
vol.-II (pt. ix): 87-146, pIs. lxxxiii-C. (186) 

GODWIN-AuSTEN,.H. H. 1899. Address of the President, Appendix-A. 
List of shells from Kashmir Territory, north of the Pir-Panjal 
and Kagnag ranges including Yarkand. Appendix-B. List 
of shells from Kashmir Territory, south of the Pir Panjal and 
Kagnag ranges including Murree hill and Hazara. Proc. ma/ac. 
Soc. Lond., 3: 259-262. (187) 

GODWIN-AuSTEN, H. H. 1910. Land and freshwater Mollusca of India, 
including south Arabia, Baluchistan, Afganistan, Kashmir, 
Nepal, Burmah, Pegu, Tenasserim, Malay Peninsula, Ceylon 
and other islands of the Indian Ocean. Supplementary to 
Theobald and Hanley's Conch%gia Indica, 2, pI. XI, 
London. (188) 

GODWIN-AuSTEN, H. H. 1919a. Description of a new species of Mar
garitanopsis (Unionidae) from the Southern Shan States, with 
notes on Solenaia solen iform is. Rec. Indian Mus., 16: 203-205, 
pI. 15. (189) 

GODWIN-AuSTEN, H. H. 1919b. On the supposed occurrence of the 
Miocene genus Fossarulus recent in India. Rec. Indian Mus., 
16 (3): 209 .. 213. (190) 

GoDWIN-AuSTEN, H. H. 1919c. On the genus Mysoria God\vin-Austen. 
Rec. Indian Mus., 16 (3): 431. (191) 

GODWIN-AuSTEN, H. H. 1920. Land and freshwater Mollusca of India, 



248 Zoological Survey of India 

etc; supplementary to Theobald and Hanley's Conch. Indica, 
3, pt. 1, 1-65 pIs. (192) 

GOEL, H. C. & PARASHAR, B. D. 1977. Some observations on population 
dynamics in laboratory colonies of the freshwater snail, 
Gyraulus convexiusculus Hutton. Indian J. expo BioI., 15 
(8): 674-676. (193) 

GOEL, H. C. and PARASHAR, B. D. 1979. Ef(ect of temperature on the 
development of Indoplanorbis exustus (Mollusca: Pulmonata). 
J. Invert. Pathology, 33: 378-380. (194) 

GOVINDAN, K. 1974. Studies in Neritidae (Neritacea: Prosobranchia) 
from Peninsular India. Ph. D. Thesis, Annamalai University, 
276 pp. (195) 

GOVINDAN, K. & NATARAJAN, R. 1972. Studies on Neritidae 
(Neritacea: Prosobranchia) from Peninsular. India. Proc. 
Indian nat. Sci. Academy, 38 (B) (3 & 4): 225-239. (196) 

HANUMANTE, M. M., NAGABHUSHANAM, R. & VAIDYA, D. P. 1977. Changes 
in neurosecretory cells of the . freshwater pulmonate Indo
planorbis exustus (Deshayes) infected with larval trematodes. 
Indian J. e:xp. BioI., 15 (5): 413-414. (197) 

HAAS, F. 1939. Malacological notes. Zool. Sere Field Mus. nature Hist., 
24: 93-103. (198) 

HAAS, F. 1969. Superfamily Unionacea. In: R. C. Moore (Ed.) Treatise 
on Invertebra~e Palaeontology. ·Pt. N. Moll. 6: Vol. 1: 
Bivalvia, Unionacea: N 411-470. (199) 

HANLEY, S. & THEOBALD, W. 1870. Conchologia Indica. London, pp. 
1-65, pis. 1-160. (200) 

HEARD, W. H. 1974. Anatomical systematics of freshwater mussels. 
Mal. Review, 7: 41-42. (201) 

HEARD, W. H. 1976. Rediscovery of Solenaia emarginata (Lea) in 
Thailand. J. Sci. Soc. Thailand, 2: 81-83. (202) 

HEARD, W. H. and GUCKERT, R. H. 1970. A re-evaluation of the 
recent Unionacea (Pelecypoda) of North America. Malacologia 
10 (2): 333-355. (203) 

HEDLEY, C. 1895. Mollusca· of the oriental region. J. Malac. London, 
4: 53-60. (204) 

HORA, S. L. 1926a. On some interesting features of the Western Ghats. 
J. Bombay nat. Hist. Soc., 31': 447-449. (205) 

HORA, S. L. 1926b. A short notes on the distribution "and habits of· the 



~Bl>OK~ Freshwater molluscs of India 249 

b~val.ye, Balwantia soleniformis (Benson). J. Asiat. Soc. Beng. 
22 (I): 7~-76. (206) 

HORA, S. L. 1928.. Animal life in torrential streams. J, Bombay nat. Hist. 
Soc., 32 (1 & 2): 115-123 (Moll), fig. 1. (207) 

HORA, S. L. 1933. Ecology of the fauna of the Salt Range, Punjab. Curro 
Sci., 1 (12): 407. (208) 

HOM:, S. L. 1933a. Animal life in Brakish water at Uttar Bhag, Lower 
Bengal. Curro Sci., 1 (12): 381-386. (209) 

HORA, S. L . .1952. Control of molluscan fauna through the culture of 
Pangasius pangasius (Hamilton). Curro Sci., 21 (6): 164-165. 

(210) 

BORA, S. L. 1953. Mollusc control through fish farming. Thapar Com
lnemoration volume, Lucknow University, pp. 119-132. (211) 

HORA, S L, KHAJURIA·, H. and MALIK, G. M. 1955. Some interesting 
f~ature~ of the. ~qua.tic fauna of Kashmir valley. J. Bombay 
nat. Hist. Soc., 53 (1): 140-143. (2·12). 

HUBENDICK, -B. 1951 Recent Lyn:tnaeidae. Their variation, morphology, 
taxonomy, nomenclature and distribution. K. Svenska 
Vetenskapsakad. Handl (Ser. 4) 3: 1-223. (213) 

HUBEN-DICK, B·. 1955. On the genus Camptoceras (~1oll. Pulm. ).- Arkiv., 
Zooi., 7 (22): 451-457. (214) 

HUBENDICK, B. 19.58. On the f~mily Ancylidae, with· speciat= reference
to ·Ferrissia tenuls (Bourguignat) , the suspected intermediate 
·host of8chistosoma haematobiuln in India. Proc. VI,Internat~_, 
Cong.'Trop. Med. and Malaria, 2: 17-21. (215) 

H'U1:lENDIK, B. 1964. Studies on Ancylidae. The sub-grpu pSt M edd. 
Goeteborl!s K. Vetensk Vitterh Samh. Hanc# seT B. 9: 1-72. 

(216)-

HUTTON,. T. 1849. Notice of ~ome land and freshwater shells occuring in 
Afghanis~n. J,", Asiat, Sac .. Beng., 18 (2): 55~,~561, 653-654. 

(217) 

ISLAM, K,- S.· 1977. ~ note on· the life cycle of In4oplanorbis exustus 
(D~shaye,s) under··hiboratory conditions . .fndian J. Anim. Sci., 
47 (6): 374-376. (218) 

JACOB, .I ... 1953:, A. prelimin~ry note on the cytology of Melaniidae 
(Mol)usca,; Gastr~poda) (abstract). Proc,.' 14th Indian Sci. 
Congress, Calcutta, p.. 180 (219) 

JACOB, I .. 1958. Cytol~gical studies of Melaniidae (Mollusca) with special 



250 Zoological Survey of India 

reference to parthenogenesis and polyploids. II A study of 
Meiosis in the rare males of polyploid race of Melanoides 
tuberculatus and Melanoides lineatus. Trans Roy. Soc. Edinb., 63 
(2): 433-444, 1 pI. (220) 

JACOB, J. 1959a. Cytological studies of Melaniidae with special reference 
to parthenogenesis and polyploidy. Annamalai Univ. Anna
malainagar, viii + 186 pp., 69 pIs. Diocesan Press, Madras. 

(221) 

JACOB, J. 1959b. Sex chromosomes in melaniid snails, Paludomus tans
chaurica (GmeJin) (Prosobranchia: Gastropoda). J. zool. 
Soc. India, 11 (1): 17-25, 7 figs. (222) 

JAIN, S. P., GUPTA, A. N. and SHARMA, P. N. 1971. Redescription 
of Cercaria indicae XXXII Sewell, 1922, an amphistome cer
caria from the snail Bulinzus pulchellus (Benson). Acta Parasite 
Pol., 19: 251-256, 1 fig. (223) 

JANAKI RAM, K. & RADHAKRISHNA, Y. 1984. The distribution of 
freshwater mollusca in Guntur District (India) with a 
description of Scaphula nagarjunai sp. n. (Arcidae). Hydro
biologia, 119: 49-55. (224) 

JOHNSON, R. I. 1952. A study of Lamarck's types of Unionidae and Mute-
lidae. Nautilus, 66: 63-67. (225) 

JOHNSON, R. I. 1964. The Rece~t Mollusca of Augustus Addison Gould. 
Bull. U.S. natn. Mus., 239: 1-182, pIs 1-45. (226) 

'JOHNSON, R. I. 1971. The types and figured specimens of Unionacea 
(Mollusca: Bivalvia) in the British Museum (Natural History). 
Bull. Brit. Mus. (Natur. Hist.), Zoology, 20 (3): 75-108, pI. 
1-2. (227) 

JOHNSON, R. I. 1973. Lea's unionid types of Recent and Fossil taxa of 
Unionacea and Mutelacea introduced by Isaac Lea, including 
the location of all the extant types. Special Oec. Publ. Dept. 
Moll. Mus. Compo Zool., Harvard, No.1: 1 .. 111. (228) 

JOHNSON, R. I. and BAKER, H. B. 1973. The types of Unionacea 
(Mollusca: Bivalvia) in the Academy of Natural Sciences of 
Philadelphia. Proc. A cad. nat. Sci. Phi/ad., 125 (9): 145-186. 

(229) 

JYOTHI LAKSHMI, M. 1979. Studies on the Freshwater Planorbid snail, 
Gyraulus convexiusculus (Hutton) (Gastropoda: Pulmonata). 
Ph. D. Thesis, Andhra University. (230) 

KAMAT, D. N. 1956. Intracellular digestion in Lamellibranchs. Proc. 



HANDBOOK: Freshwater molluscs of India 251 

Indian Sci. Congress Ass., 43rd, 3: 302-303 (abstract) (231) 

KAMAT, D. N. 1956. Phosphates in Lamellidens corrianus (Lea): Histo
. chemical demonstratio~ in the digestive diverticula and the 
amoebocytes. J. Univ. Bombay (N. S.), 24B (5): 25-32, 5 figs. 

(232) 

KAMAT, D. N. 1958. Protein digestion in lamellibranchs. 
Bombay (N.S.), 26~ (3): 1-7. 

J. Univ. 
(233) 

KAMAT, D. N. 1962. Ascorbic acid in earthworms and lamellibranchs: 
a Histochemical study. J. Ulliv. Bombay (N. S.), 30B (3 & 5): 
69-72, 1 pI. (234) 

KARNICK, A. G. & KAMAT, D. N. 1961. Tissue culture studies in the 
lamellibranchs: 1 Preliminary observations on the growth of 
epithelial cells from Lamellidens corrianus (Lea). J. Univ. 
Bombay (N. S.), 29B: 172-178, 2 figs. (235) 

KATHURIA, J. B., RAO, S. R. & HIREGAUDAR, L. S. 1956. Some 
observations on the bionomics of Indoplanorbis' exustus Desh. 
(Gastropoda). Proc. Indian Sci. Congr. Ass. 43rd: 355, 
(abstract). (236) 

KENNARD, A. S. and WOODWARD, B. B. 1926. Synonymy of the British 
Non-marine mollusca (recent and post-tertiary), London, 
Trustees of British Museum, pp. xxiv +447. (237) 

KHAN, R. A. & CHAUDHURI, S. 1984. The population and production 
ecology of a freshwater snail Bellamya bengalensis (Lamarck) 
(Gastropoda: Viviparidae) in an artificial lake of Calcutta, 
India. Bull. zool. Surv. India, 5 (2 & 3): 59-76. (238) 

KHATIB, S. 1975. Some aspects of physiology of Indonaia caeruleus. Ph. D. 
Thesis, Marathwada University, Aurangabad. (239) 

KHATOON, S. & RASHID ALI, S. 1978. Freshwater mollus~s of Pakistan 
Bull. Hydrobiol. Res. Sere 1, No. 24 & 25: 518-525. (240) 

KHOT, R. 1977. Studies on some physiological aspects and control of the 
snail, Melanoides tuberculatus. Ph. D. Thesis, Marathwada 
University, Aurangabad. (241) 

KOBELT, W. 1879. Fauna molluscorum extramarionorum Japoniae. 
Abh. Senckenberg. naturforsch. Ges., II: 1-171. (242) 

KOBELT, W. 1909. Die gattung Paludina Lamarck in: Martini & Chem
nitz's Syst. Conch. Cab. Vol. I, pt. 21a (Neue Folge): 
15-77 & 97-430. (243). 

KosHY, T. J. & ALwAR, V. S. 1974. Laboratory trials with the mollus
cicides, copper sulphate, sodium pentachloraphenate and 



252 Zoological-Survey of India 

'bayluscide against lndoplanorbis exustus (Deshayes). Cheiron~ 
3 (2): 170-172. (244) 

*K.RISHNAMOORTHI, K. P. 1968. On collection of some molluscs (bivalve 
and gastropoda) from some water bodies of Nagpur with 
ecological notes. Env. Health, 10: 43-50. (245) 

KRISHANAMOORTHY, R. V. 1968. Hepatopancreatic unsaturated fatty acids 
during aestivation of the snail, Pila globosa. Compo Biochem. 
Physiol, 24: 279-282, 1 tab. (246) 

KUIPER, J. C. J. 1962. Note sur la systematique des Pisidies J. Conch. 
Paris, 102: 53-57. fig. 1. 247 

KULKARNI, A. B. & NAGABHUSHANAM, R. 1975. Studies on the freshwater 
pulmonates of Marathwada region II. Stylommatophora. 
Marathwada Univ. J. Sci., 12 (5): 77-92, IUus. (1973). (248) 

KUMAR, V., DATTA, S. C., & JAIN, S. P. 1968. Cercaria helicorbisi n.sp., 
an amphistome cercaria from the snail Helicorbis coenosus 
(Benson). Indian J. Helminth., 20: 40-45, 2 figs. (249) 

LAL, M. B. & SAXENA, B. B. 1952. Urecotelish in Pila globosa 
(Swainson). Nature, 170: 95 (250) 

LAL, M. B. & PREMVATI 1955. Studies in histopathology-changes in
duced by a larval monostome in digestive gland of the snail, 
Melanoides tuberculatus (Mueller). Prac. Indian A cad. Sci., 
42B: 293-299, 5 figs. (251) 

'LAL, M. B. & AGARWAL, R. A. 1968a. A saline medium for maintaining 
isolated heart of Pila globosa Swainson. Proc. Indian A cad. 
Sci., 67B: 1-7, 1 fig., 3 pIs. (252) 

LAL, M. B. &.AGARWAL, R. A. 1968b. Effect of 5 hydroxytryptamine 
and related compounds on the isolated heart of Pila globosa 
(Gastropoda: Mollusca). Proc. Indian A cad. Sci., 67B: 195-
200, 7 pIs. (253) 

*LENSSEN, J. 1899a. Systeme digestif et systeme genital de la Neritina 
flu via tilis. Cellule, 16: 179-232. (254) 

LENSSEN, 1. 1899b. Anatomie de la Neritina fluviatilis. Anat. Anz., 16: 
401-404. (255) 

LINKE, O. 1935. Zur morphologie und physiologie des· genital apparatus 
der susswasserlitterinidae Cremnoconchus syhadrensis Blanford. 
Arch. Naturgesch. (N.F.), 4: 72·87. (256) 

*LOHAGAONKAR, A. L. 1974. Biological study on the clam, Lamelli
dens corrianus. Ph. D. Thesis, Marathwada. University, 
Aurangabad. (257) 



HANDBOOK!" Freshwater .molluscs of India 253 

LoMTE, V. S. 1979. Thermoregulation in· the freshwater lamellibranch 
Parreysia corrugata. M alacologia, 18: 257-263. (258) 

LoMTE, Y. S. 1971. Studies on the freshwater mussels of Marathwada 
region. Marathwada Univ. J. Sci., 10 (3): 143-153, 2 figs. (259) 

LOMTE, ·Y. S. 1972a.. Studies on the anatomy and histology of Parreysia 
corrugata: digestive system. Marathwada Univ. J. Sci., 11 (4): 
159-164, fig. (260) 

LOMTE, V. S. 1972b. Studies on the anatomy and histology of Parreysia 
corrugata: respiratory system. Marathwada Univ. J. Sci., 11 
(4): 289-294, fig. (261) 

MACKINTOSH, N. A. 1925. The crystalline style in Gastropods. Quart. 
J. Microsc. Sci. (n.s.), LXIX: 318-342, pis. XX, XXI. (262) 

MALEK, A EMILE and CHENG, C. T. 1974. Medical and Economic 
Malacology. Academic' Press, New York and London, ix + 
398 pp. (263) 

MArrA, ·S. C. and PANDE, B. P. 1968. Studies on some metacercariae in 
local snails. Indian J. Helminth., 18: 128-141, 16 figs. (264) 

MATTA, S. C. and RAJ, D. N. 1971. A note on metacercaria from the 
snail Indoplanorbis exustus (Deshayes). Indian J. anim. Res., 
5: 55-58, 3 figs. (265) 

MANDAL, G. C. 1971 The excretory structures of gastropod molluscs 
'and the relationship between Ammonia-Uric Acid excretion 
and habit. Ph.D. Thesis, University of Calcutta, 166 pp., 110 
figs. (266) 

* MANOHAR , L. and VENKATESWARA RAO, P .. 1977. Physiological response 
to p~rasitism I. Changes in Carbohydrate reserves of th,e 
mollus9an host. Southeast Asian J. Trop. M ed. Public H ea/th, 
7(3): 395-404, 1976. (267) 

MARTENS, E t YON l879. D.ie Gattung Neritina. In: Martini & Chemnitz's 
Syst. Conch . . Cab., 2 (to): 303 pp., pis. A 1-23. (268) 

MARTENS, E. VON 1889. Die Gattung NoviceI/o. In: Martini & 
Chemnitz's Syst. Conch. Cab., 2 (lOa): 56 pp., pIs. 1-8. (269) 

MARTENS, E. VON 1897. SUss and Backwasser Mollusken des Indeschen 
'Archipels. Weber's Zool. Ergebn. Nieder/and ost. Ind., Leiden, 
4: 1-331, pI. I-XII. (270) 

*MATHUR, P. B. 1970. Variation in liver fluke egg counts within a day 
and the incidence of infection in sheep and intermed iate 
snail host. Indian J. Sci. Ind. (Se('. B) 4: 11-16,4 tabs. (271) 



254 Zoological Survey of Indi~ 

MEENAKSHI, V. R. 1951. The' distribution of vitatnine C in some com~ 
mon gastropods and its biosynthesis in Pi/a virens (Lamarck) 
(Mollusca-Gastropoda). Curro Sci., 20 ,(5): 136-137. (272) 

MEENAKSHI, V. R. 1954. Studies in the. physiology of digestion in Pi/a 
virens(Lamarck). J. Anim. Morph. Physioi.., 1: 35-47, fig. 2. (273) 

MEENAKSID, V. R. 1955a. A quantitative study of the distribution of 
calcium in the soft parts of Pi/a virens (Lam~rck). J. zoo/. 
Soc. India, 7: 35-40. (274) 

MEENAKSID, V. R. 1955b. Protein catabolism in the developing egg of 
Pi/a virens (Lamarck). Curro Sci., 24 (6): 199-200. (275) 

MEENAKSHI, V. R. 1955c. Role of carbonic. anhydrase in the female 
genital duct of the apple snail (Pi/a virens). Curro Sci., 
24 (12): 415-416. (276) 

MEENAKSHI, V. R. 1955d. Physiology of digestion in Melania crenulata. 
J. Anim. Morph. Physiol., 1 (2): 33-41, ~ figs. (277) 

.MEENAKSID, V. R. 1955e. The excretory spherioles in the digestive gland 
of Pi/a virens. J. Anim. Morph. Physiol., 3 (2): 75-78. (278) 

MEENAKSHI, V. R. 1955f. How Pi/a without protease meets its protein 
requirements? Proc. Indian Sci. Congr Ass., 42 (3): 279 
(abst.). (279) 

MEENAKSID, V. R. 1956, Seasonal variations in the glycogen and fat 
content in the apple snail, Pi/a virens (Lamarck). J. zool. Soc. 
India, 8: 57-62. (280) 

MEENAKSHI, V. R. 1956. Caratenoid in Pi/a virens (Lamarck). Curro Sci., 
25 (4): 124-125. (281). 

MEENAKSHI, V. R. 1956. Physiology of hibernation of the apple snail, 
Pi/a virens (Lamarck). Curro Sci. 25 (10) : 321-322, 1 fig. (282) 

MEENAKSHI, V. R. ~956. Relative strength of digestive gland analysis in 

some common south Indian gastropods. Proc. Indian Sci. 
Congr. Ass., 43 (3): 303 (Abstract). (283) 

MEENAKsm, V. R. 1957. Anaerobiosis in the South Indian apple snail, 
Pi/a virens (Lamarck) during aestivation. J. zool. Soc. India, 
9: 62-71, 1 pI. (284) 

MEENAKSHI, V. R. 1964. Aestivation in the Indian apple snail Pi/a 1. 
Adaptation in natural and experimental conditions. Compo 
Biochem. Physiol., 2: 579-386. (285) 

MEIER BROOK, C. 1979. The planorbid genus Gyraulus in Eurasia. 
Malacologia, 18: 67-72. (286) 



HANDBOOK:' Freshwater molluscs of India 255 

MICHAEL, R. GEORGE see GEORGE MICHAEL R. (171) 

.MODELL, H. 1942. Das naturliche.system der Najaden. Arch. Moll., 74: 
161-191. (287) 

MODELL, H. 1949. Das naturliche system der Najaden 2. Arch. Moll., 
78: 29-48. (288) 

MODELL, H. 1964. Das naturliche system der Najaden 3. Arch. Moll., 
93: 71-126. (289) 

MOHAN, P. M., REDDY A. V. &. BABu, K. S. 1975. Diurnal variations in 
acetylcholinesterase activity in the nervous system of the 
aestivating snail, Pi/a globosa. Curro Sci., 44 (10): 347 (290) 

MOHAN, P. M., SWAMI, K. S. & BABU, K. S. 1977. on the Acetylcholi
nesterase activity in the aestivating snail Pi/a globosa 
(Swainson). Indian J. expo BioI., 15 (9): 732-736. (291) 

MOHANDAS, A. 1975. The pathological effect of larval trematodes on 
the digestive glands of four species of gastropods. Folea 
parasitol (Prague), 21 (3): 219-244, 1971. (292) 

MORRISON, J. P. E. 1954. The relationships of old and new world mela-
nians. Pror. U. S. natn. Mus., 103: 357-394. (293) 

MUKHERmE, R. N. & KANUNGO, M. J. 1954. Invertase in the digestive 
gland of a common Indian freshwater pelecypod, Lamellid~ns 
sp. Sci. & Cult., 20 (5): 253-254. (294) 

MUKHERJEE, R. P. 1970. On two new amphistome cercariae. Indian 
J. Helminth., 20 (196~): 155-166, 8 figs. (295) 

MULEY, E .. ·V. 1975~ Seasonal variations in the bio-chemical composition 
of the freshwater prosobranch, Melania scabra. Revista di 
lydrobiologia, 44 (3): 199-208. (296) 

MULEY, E. V. 1976. Some aspects of the respiratory metabolism of a 
freshwater prosobranch, Melania scabra. Marathwada Univ. 
J .. Sci., 15 (8): 31 ~44. (297) 

MULEY, E. V. 1977a. Studies on the temperature tolerance of freshwater 
prosobranch, Melania scabra. Compo Physiol. Ecol., 2 (2): 
85-87. (298) 

MULEY, E. V. 1977b. Studies on breeding habits and development of the 
brood pouch of a viviparous prosobranch, Melania scabra. 
Hydrobi%gia, 54: 182-185. (299) 

MULEY, E. V. 1978. Embryology and development of freshwater proso-
branch, Melania scabra. Hydrobiologia, 58 (1): 89-92 (300) 



256 'Zoological Sutvey of India 

MULEY, E. V. 1978. Studies on growth indices of the snail, Melania 
scabra·. Hydrobi%gia, 58(2): 137-143. (301) 

MULEY, E. V. 1978. Biological and chemical control of the vector snail 
Melania scabra (Gastropoda: Prosobranchia). Bullr zoo I .. 
Surv. India, 1(1): 1-5. (302) 

MULEY, E. V .. & NAGABHUSHANAM, R. 1975. Studies,on the ecology of the 
freshwater Prosobranch, Melania scabra~ Marath~'ada Univ. 
J. Sci., 14(7): 285-294;. (303) 

MULEY, E. V. and NAGABHUSHANAM, R. 1977. Reproductive physiology of 
the Indian freshwater Prosobranch,. Melania scapra. Marath
wada Univ. J. Sci., 15(8): 235-244, 1976. (304) 

MULHERKAR, L·., GOEL, S. C. & JOSHI, M. V. 1977. Effect of cytochalasin 
H on the cleaving eggs of Limnaea acuminata. Indian J. expo 
BioI., 15 (12): 1089-1093. (305) 

MULHERKAR, L. & RAo, K. V. 1963,·, The effect of diethylbarbiturlc 
acid on the formation of shell in Planorbis (rndoplanorbis) 
exustus (Deshayes). Proc. A cad. Wet. Arnst., 66c: 418-425,. 
5 figs. (306) 

. . 

MULHERKAR, L. & RAo, K. V. 1964. Effect of diethylbarbituric acid, 
on the uptake of calcium during the deyelopmen~ of the shell: 
of Planorbis exustus. Naturwissenschaften, 51: 225. (307) 

MULHERKAR, L. & SHERBET, U. V, 1963. The effect. of cliioroacetophen-.! 
one on the . development of Planorbis (lndoplana,rbis) exustu~' 
(Deshayes). J. Embryol. expo Morph.~11: 53-64, 4 figs. (308) 

MURALEEDHARAN, K., K~R, S .. P. &. HEGDE,K. S. 19.77. Larval trerilat~; 
infections in aquatic' 'snails inKarna~aka. . ~ prelimiwtty 
study. Mysore J. '·agric. Sci., 11 (1):' 101-104. (309) 

MURALEEDHARAN, K., KUMAR, S. P., HEGDE, K. S. & ,ALWAR,' V. S. 1,)77. 
Studies on· epizootiology. of nasal schistosomiasis of bovines 
3. The ecology of the intermediate host lndoplanorbis exustus 
(Desh~yes). ~!sore /. agric. Sci., 11 (4): .566-571. (310) 

MURTHY, A. S. &.~. BALAPARAME~WARA RAO, M •. 1~78.. Effect 01 
environment on the shell shape of a tropic·a). e~tuarine snail, 
N~ritit:,a~ vi~lacea (Gmelin) (Gastropoda: Neritidae). J. Moll 
St~d.~ :44: 265-271 . (311) 

NAGABHUSHANAM, R. 1974. Neurosecretory p~enomena in the. 'clam, Parrey
sia corrugate (Mollusca: Pelecypoda). J . . ' Zoot. Soci. India. 
24 (2) : 117-123., figs.-3 [1972] ·.(31i~) 

NAGABHUSHANAM, R. ANn AzMATUNNISA, Q. 1977. Temperature relations 



HANDBOOK: Freshwater molluscs of India 257 

of the freshwater pulmonate Lymnaea acuminata. J. Anim. 
Morphol. Physiol. 23(1/2): 52-59, 1976. (312) 

NAGABHUSHANAM, R AND CHINTAWAR, B. V. 1977a. Studies on the tem
perature tolerance in the snail Indoplanorbis exustus. M ara
thwada Univ. J. Sci., 15(8): 199-208, 1976. (313) 

NAGABHUSHANAM, R AND CHINTAWAR, B V 1977b Influence of environ
mental factors on oxygen consumption in the fresh-water 
snail Indoplanorbis exustus. M arathwada Univ. J. Sci., 15 
(8): 20.9-220, 1976. (314) 

NAGABHUSHANAM, R. & LOHGAONKER, A. L. 1977. Studies in the 
neurosecretion of the freshwater mussel, Lamellidens corrianus. 
Marathwada Univ. J. Sci., 15 (8): 225-234, 1976 (315) 

NAGABHUSHANAM, R. & LoMTE, V. S. 1971a. Cytological and cytochemical 
studies on the neurosecretory cells in the mussel, Parreysia 
corrugata. Marathwada Univ J. Sci., 10 (3): 201·203 (316) 

NAGABHUSHANAM, R & LOMTE, V. S. 1971b. Biochemical studies in the 
freshwater mussel, Parreysia corrugata. Hydrobiologia, 37:' 
545-552, 6 tabs. (317) 

NAGABHUSHANAM, R. & LOMTE, V. S. 1971c. Osmotic behaviour of the 
freshwater mussel, Parreysia corrugata. Hydrobiologia, 38: 
247-252. 1 fig., 2 tabs. (318) 

NAGABHUSHANAM, R. & LOMTE, V. S. 1972. Neurosecretory and repro-
ductive cycles in the mussel, Parreysia corrugata. M arathwada 
Univ. J. Sci., 11 (4): 295-297, 2 tabs. (319) 

NAGABHUSHANAM, R. & LOMTE, V. S. 1972. Some histochemical studies 
on the neurosecretory cells of the freshwater mussel, Parreysia 
corrugata under stressed condition. M arathwada U niv. J. Sci., 
11 (4): 393-395. (320) 

NAGABHUSHANAM, R. & LOMTE, V. S. 1972. Biochemical composition of 
different body components of the freshwater mussel, Parreysia 
corrugata. Marathwada Univ. J. Sci., 11 (4): 627-628. (321) 

NAGABHUHANAM, R. & MULEY, E. V. 1974. Studies on the neurosecretory 
system of a prosobranch, Melania scabra. Marathwada Univ. 
J. Sci., 13 (6): 147-152. (322) 

NAGABHUSHANAM, R. and MULEY, E. V. 1975. Studies on the ecology 
of freshwater prosobranch, Melania scabra. Marathwad Univ. 
J. Sci., 14 (7): 285-294. (323) 

NAGABHUSHANAM, R. and MULEY, E. V. 1977. Neurosecretory phenomena 



258 Zoological Survey of India~ 

in the freshwater prosobranch, Melania scabra. Marathwada 
Univ. J. Sci., 15 (8): 221-224, .1976. (324) 

NAGARAJA, S. 1943. A note on the development of the alimentary canal in~ 
Pi/a. Proc. Indian. Sci. Congr., 30 (3): 59. (325) 

NAIR, SIVAN KUTTY G. 1977. Studies on the rate of growth of Villorita 
cyprinoides var. cochinensis (Hanley) from the Cochin back, 
waters. Bull. Dept. Mar. Sci. Univ. Cochin,7: 919-929. (326) 

NAMBUDRI, C. N. 1956. The alkaline phosphatase activity of the gills 
of freshwater mussel, Po tam ida (Parreysia) corrugata. J. Aniln. 
Morph. Physiol., 3: 87-90. (327) 

NARAIN, A. S. 1975. Some observations on the shell of Lamellidens 
corrianus Lea and Parreysia (Parreysia) favidens Benson 
(Bivalvia: Unionidae). J. Conch. Paris, 112 (1-2): 76-82. (328) 

NARAIN, A. S. 1977. Possible involvement of cholonergic and trypta
minergic receptors in cardioregulation of Lamellidens corrianus. 
Indian J. expo Bioi., 9: 223-226, 6 figs. (329) 

NARAIN, A. S. 1977. Anatomical studies on the transpericardial ali men-
tory tract of a pelecypod. Arch. Bioi., 80 (4): 337-389. 1975. 

(330) 
-

NARAIN, A S. 1977. Some measurements of the shell of Lamellidens 
corrianus (Lea) and Parreysia (Parreysia) favidens (Benson), 
and their probable relationship with shell growth in these 
unionid lamellibranchs. Zool. Beitr., 22 (2): 307-314. (1976) 

(331) 

NARAYANA, B. & SINGH, I. 1944. Indirect stimulation, of unstriated muscle. 
Proc. Indian A cad. Sci., 20 B(5): 192-194. (332) 

NATARAJAN, R. 1968a. Cytological studies on Indian molluscs: a 
karyotype study of three species of Paludomus (Cerithiacea: 
Mesogastropoda). Malac. Rev., 2 (2): 134 (Abstr). (333) 

NATARAJAN, R. 1968b. Cytological studies of Indian molluscs (Archaeo
gastropoda: Neritidae). Malacologia. 9: 279-281, 16 figs, 
1 tab. (334) 

NAYEE MUNNIS 1978. Neurochemical correlates of aestivation. Amin
transferase heterogenecity in the cerebral ganglion of the 
amphibious snail Pi/a globosa. Proc. Indian Acad. Sci. Sect. 
B, 85 (5): 278-282. 1977. (335) 

NEVILL, G. & H. 1871. Description of new molluscs from the eastern 
regions. J. Asia!. Soc. Beng., 40 (2): 1-2, pI. 1., (336) 



HANDBOOK: Freshwater molluscs of India 259 

NEVILL, G. 1877. Catalogue of Mollusca in the Indian Museuln, Calcutta 
8: 42 pp. (337) 

NEVILL, G. 1878. Hand list of Mollusca in the Indian Museum, Calcutta 
Part-· I, Gastropoda-Pulmonata and Prosobranchia, Neuro
branchia, Calcutta: 338 pp. (338) 

NEVILL, G. 1878. Mollusca II. Mollusca from Kashmir and neigh
bourhood of Mari (Muree) in the Punjab. Sci. Res. Sec., 
Yarkand Mission: 14-21. (339) 

NEVILL, G. 1884. Hand list of Mollusca in the Indian Museum, Calcutta. 
Pt.-II. Gastropoda; Prosobranchia-Neurobranchia (contd.). 
Calcutta; 306pp. (340) 

NEWBOLD, M. N. I. CAPTAIN, 1844. Note on a recent fossil freshwater 
deposits in southern India, with a few remarks on the origin 
and age of Kunker, and on the supposed decrease of Thermal 
Temperature in India. J. Asiat. Soc. Beng., 13 (1): 313-318. 
Moll. pp. 314, 315, 318. (341) 

*ONG, P. L., & KHAN. E. 1974. The reproductive systems of lndoplanorbis 
exustus (Deshayes) (Planorbidae: Pulmonata) and Lymnaea 
rubiginosa (Michelin) (Lymnaeidae) Pulmonata: A description 
in healthy and trematode harbouring snuils. Southeast Asial1 
J. Trop. Med. Public Health, 4 (1): 46-54. (342) 

ORTMANN, A. E. 1910. A new system of the Unionidae. Nautilus, 23 (9): 
114-120. (343) 

ORTMANN, A. E. 1911. The anatomical structure of certain exotic naides 
compared with that of the North American forms. Nautilus, 
24: I03-10R, 127-131, pIs. 6, 7. (344) 

I>ACE, GRAY L. 1973. The freshwater snails of Taiwan (Formosa). 
Malacological Review Supplement, 1-118. (345) 

PADMANABHANAIDU, B. & RAMAMURTHY, R. 1961. The influence of 
sex and size on the osmotic pressure, the chloride and the 
free amino acids of the blood of the freshwater field crab, 
Paratelphusa sp. and the freshwater mussel, Lamellidens 
marginalis. J. expo Bioi., 38: 35-41, 3 figs. (346) 

PAIN, T. 1972. The Ampullariidae, historical Survey. J. Conch., Lond., 
27 (7): 453-462. (347) 

PAMPAPATHI RAO, K. & RAMACHANDRA, R. 1961. Effect of acclimatiza
tion to high temperature on the blood chloride, free 
amino acids and osmotic pressure in the freshwater field 
crab, Paratelphusa sp. and the freshwater mussel Lamcl/idens 
marginalis. J. expo Bio/., 38: 29-34, 2 figs. (348) 



260 Zoological Survey of India 

PANIKKAR, N. K. & AIYAR, R. G. 1939. Observation on breeding in bra:ckish 
water animals of Madras. (Moll. 356-358). Proc. Indian 
A cad. Sci., 98 (6): 343-364. (349) 

PARASHAR, D. and RAo, K. M. 1982. Effect of desiccation on freshwater 
snail, lndoplanorbis exustus, intermediate host of schisto
somiasis. Jap. J. Med. Sci. Biol., 35 (5-6): 243-247. (350) 

PATEL, B. & DOSHI, G. R. 1971. Lamellidens marginalis (Lamarck) as 
indicator of 54Mnl. Acta oceanogr. Limnol., 17: 27-42. (351) 

PATIL, V. Y. 1974. Food and feeding in freshwater mussels. J. Shivaji 
Univ.,7 (14): 33-38. (352) 

PATIL, V. Y. 1976a. Shell of Lamellidens consobrinus (Lea). J., Shivaji 
Univ., 16: 73-78. (353) 

PATIL, V. Y. 1976b. Functional morphology of mantle of freshwater 
mussel. J. Shivaji Univ., 16: 79-80. (354) 

PATIL, V. Y. & BAL, D. V. 1967a. Seasonal changes in chemical composi
tion of freshwater mussel Parreysia favidens var. marcens 
(Benson). J. Univ. Bombay, 33 (3 & 5): 59-63, figs. (353) 

PATIL, V. Y. &, BAL, D. V. 1967b. Seasonal gonadial changes in adult 
freshwater mussel Parreysia favidens var. marcens (Benson). 
Proc. Indian A cad. Sci., 65B: 26-33, figs, tabs. (356) 

PATNAIK, M. M. 1968a. Notes on glycogen deposits in Lymnaea auricu
laria var. rufescens and the parasitic larval stages of Fasciola 
gigantica and Echinostoma revolutum. A histochemical study. 
Annis. Parasite hum. Comp., 43: 449-456, 8 pIs. (357) 

PATNAIK, M. M. 1968b. On the pathological changes in the muscular 
tissue of Lymnaea auricularia var. rufescens produced by a 
microsporidian parasite. Indian J. ani. Health, 7: 167-171, 
4 pis. (358) 

PATNAIK, M. M. 1971. Studies on geographical distribution and ecology 
of Fasciola gigantica with special reference to its intermediate 
host Lymnaea auricularia var. rufescens in Orissa. Ind. Jour. 
Helminth., 23: 115-134, figs. 5. (359) 

PATNAIK, M. M. &, RAY, S. K. 1966. On the life history and distribution 
of Echinostoma revolutum in Orissa. Indian Vet. J., 43: 591-
600. (360) 

*PA TNAIK, M. M. & RAY, S. K. 1967. A histo-pathological study of 
Lymnaea auricularia var. rufescens infected with the larval 
stages of Echinostoma revolutum. Jap. Jour. Med. Sci., 16: 
253-258. (361) 



HANDBOOK: Freshwater molluscs of India 261 

PATNAIK, M. M. & RAy, S. K. 1968. Studies on geographical distribu
tion and ecology of Lymnaea auricularia var. rufescens, the 
intermediate host of Fasciola gigantica in Orissa. Indian J. 
Vet. Sci., 38: 484-508, 7 figs., 3 tabs. (362) 

PmLE, A. J. 1897. Some land and freshwater shells collected in the Island 
of Bombay. J. Bombay nat. Hist. Soc., 11 (1): 131-135. (363) 

PRASHAD, B. 1918a. Studies on the anatomy of Indian Mollusca, 1. 
The marsupium and glochidium of the genus Physunio. Rec. 
Indian Mus., 14: 183-186, pI. xxii. (364) 

PRASHAD, B. 1918b. Studies on the anatomy of Indian Mollusca 2. The 
Marsupium and Glochidium of some Unionidae and on the 
Indian species hitherto assigned to the genus Nodularia. Rec. 
Indian Mus., 15: 141-148. (365) 

PRASHAD, B. 1919a. Studies on the anatonlY of Indian Mollusca. The 
soft parts of some Indian Unionidae. Rec. Indian Mus., 16: 
289-296, Text-figs. 1-7. (366) 

PRASHAD, B. 1919b. On the generic position of some Asiatic Unionidae. 
Rec. Indian l~us., 16: 403-411. (367) 

PRASHAD, B. 19200. The gross anatomy of Corbicula fluminalis (Mueller). 
Rec. Indian Mus., 18: 209-211. (368) 

PRASHAD, B. 1920b. Notes o~ Lamellibranchs in the Indian Museum. 
Rec. Indian Mus., 19: 165-173, pI. ix. (369) 

PRASHAD, B. 19210. The Indian species of the genus Tricula Benson. 
Rec. Indian Mus., 22: 67-69, Text-fig. 1. (370) 

PRASHAD, B. 1921b. Notes on Lamellibranchs in the Indian Museum No.3. 
Villorita. Rec. Indian Mus., 22: 111-119, pI. xv. (371) 

PRASHAD, B. 1921c. Notes on Lamellibranchs in the Indian Museum 
No.4, Indian species of the genus Cyrena. Rec. Indian Mus., 
22: 1371-49, pI. xx. Text-figs. 2. (372) 

PRASHAD, B. 1921d. Report on a collection of Sumatran Molluscs from 
freshwater and brackishwater. Rec. Indian Mus., 22: 461-
507, pI. xiv. (with an introduction note by Dr. N. Annandale). 

(373) 

PRASHAD, B. 1919-1921. Report on the freshwater gastropod molluscs of 
Lower Mesopotamia. Rec. Indian Mus., 18: 215-227. (374) 

PRASHAD, B. 1922a. Observations on the Invertebrate fauna of the 
Kumaon Lakes IV. The freshwater Mollusca. Rec. Indian 
Mus., 24: 11-17. (375) 



262 Zoological Surv~y of India 

PRASHAD, B. 1922b. A revision of the Burmese Unionidae. Rec. Indian 
Mus., 24: 91-111, pI. II. (376) 

PRASHAD, B. 1922c. On a new fossil Unionid from the Intertrappen beds 
of Peninsular India. J. Asiat. Soc. Beng., 17: 199. (371) 

PRASHAD, B. 1923. Revision of Kobelt's nomenclature of the Indian 
Ampullariidae. J. Asiat. Soc. Beng., 18: 585-591. (378) 

PRASHAD, B. 1923. Zoological Results of the Percy . Sladen Expedition 
to Yunnan Under the leadership of Prof J. W. Gregory, F.R.S., 
(1922). Bivalve Molluscs. J. &. Proc Asiat. Soc. Beng., 11.S., 

19: 423-428, pI 16, figs. 8-13. (379) 

PRASHAD, B. 1925. Revision of the Indian Ampullariidae. Mem. Indian 
Mus., 8: 69-89, pis. XIII-XV. (380) 

PRASHAD, B. 1925. Anatomy of the common Indian apple-snail, Pi/a 
globosa. Mem. Indian Mus., 8: 91-151, pIs. XVI-XVIII. (381) 

PRASHAD, B. 1925. Notes on Lamellibranchs in the Indian Museum. 
Indian species of the gerius Pisidium. Rec. Indian Mus., 27: 
405-442, pis. VII-VIII. (382)' 

PRASHAD, B. 1925. Notes on Westerlund's species of freshwater Molluscs 
from Ceylon. Rec. Indian Mus., 27: 345. (383) 

PRASHAD, B. 1925. Respiration of Gastropod molluscs (Presidential 
address). Proc. Indian Sci. Congr., 12: 126-143, Text fig. (384) 

PRASHAD, B. 1927. On the dates of publication of Haniey & Theobald's 
"Conchologia Indica" J. Asiat. Soc. Beng., 22: 129-130. (385) 

PRASHAD, B. 1927. Notes on molluscs in the collections of the Zoological 
Survey of India (Indian Museum),.Calcutta. Rec. Indian Mus.~ 
29: 229-232, pI. XXII (on a sinistral species of P. globosa 
(Swainson). (386) 

PRASHAD, B. 1927. On some fossil Indian Unionidae. Rec., Geol. Surv. 
India, 60: 308-312, pI. XXV. (387) 

PRASHAD, B. 1927. Notes on Lamellibranchs in the Indian Museum 
7. On a new species of Villorita Griffith and Pidgeon from 
Bombay, with notes on a Japanese species. Rec. Indian Mus., 
29: 283-286. (388) 

PRASHAD, B. 1928. On a collection of land and freshwater fossil molluscs 
from the Karewas of Kashmir. Rec. Geol. Surv. India., 56 (4): 
356~3'60, pI. 29, fig. 10 (1925). (389) 

PRASHAD, B. 1928a. Recent and fossil Viviparidae. A study in distri-



HANDBOOK: Freshwater molluscs of India 263 

bution, evolution and palaeography. Mem. Indian Mus., 8: 
153-251, pI. XIX. (390) 

PRASHAD, B. 1928b. The mantle and shell of the Viviparidae. Mem. 
Indian Mus., 8: 253-319, pis. XX-XXIV. (391) 

PRASHAD, B. 1928c. Revision of the Asiatic species of the genus Corbi
cula 1. The Indian species of Corbicula. Mem. Indian Mus., 
9: 13-27, pI. III-IV. (392) 

PRASHAD, B. 1930. On some undescribed freshwater molluscs from 
various parts of India and Burma. Rec. Geol. Surv. India, 
63 (4): 428-433. (393) 

PRASHAD, B. 1930. Pelecypoda of the Indawgyi Lake and of its connected 
freshwater areas in the Myitkyina District, U. Burma. Rec. 
Indian Mus., 32: 247-258, pI. VIII, figs. 4. (394) 

PRASHAD, B. 1931. Further notes on Indian Ampullariidae (Pilidae) 
Proc. rnalac. Soc. Lond., 19 (4): 147-168. (395) 

PRASHAD, B. 1931. Some noteworthy examples of parallel evolution in 
the Molluscan faunas of South eastern Asia and SouthAmerica. 
Proc. Roy. Soc. Edinburgh, 51 (1): 42-53. (396) 

PRASHAD, B. 1932. Notes on some little known South Asiatic Unionidae. 
Proc. malac. Soc. Lond., 20: 174-178, pI. XIV. (397) 

PRASHAD, B. 1932. Pila. The Indian Zoological Memoirs, IV, Lucknow. 
(398) 

PRASHAD, B. 1933. Notes on Lamellibranchs in the Indian Museum 
No.8. Species of the genus Pisidium from western Tibet, 
Yarkand, Persia and Syria. Rec. Indian Mus., 35: 1-8, pI. i. 

(399) 

PRASHAD, B. 1934. On a new species of the genus Septaria Fer. from 
Vellar river, S. India. Rec. Indian Mus., 36: 5-6, pI. ii. (400) 

PRASHAD, B. 1936. Potamida V. Parreysia. Proc. ma/ac. Soc. Lond., 
22 (3): 120-121. (401) 

PRASHAD, B. 1937. Scientific results of the Yale North India Expedition. 
Rec. Indian Mus., 39: 261-280, Text fig. (402) 

PRESTON, H. B. 1908. Descriptions of new species of marine and fresh
water shells in the collection of the Indian Museum, Calcutta. 
Rec. Indian Mus., 2 (1): 45-48. (403) 

PRESTON, H. B. 1908. Descriptions of new species of land, marine and 
freshwater shells from the Andaman Islands. Rec. Indian Mus., 
2 (1): 187-210. (404) 



264 Zoological Survey of India 

PRESTON, H. B. 1909. Report on a collection of aquatic animals made in 
Tibet by Capt. F. H. Stewart, I.M.S. During the year 1907. 
Part. II. Report on small collection of freshwater Mollusca 
(Limnaea & Pisidium) from Tibet. Rec. Indian Mus., 3: 115-
116. (405) 

PRESTON, H. B. 1912. A catalogue of the Asiatic Naides in the collection 
of the Indian Museum, Calcutta, with description of new 
species. Rec. Indian Mus., 7: 279-308, pI. VIII. (406) 

PRESTON, H. B. 1914. Characters of new land and freshwater shells from 
the Naga hills, Assam. Proc. malac. Soc. Lond., 11: 19-24, 
figs. (407) 

PRESTON, H. B. 1914. Mollusca from Chilka lake on the east coast of 
India. Rec. Indian Mus., 10: 297-310. (408) 

PRESToN, H. B. 1915a. A further report on mollusca from Lake Chilka 
on the east coast of India. Rec. Indian Mus., 11: 289-310, 
figs. 1-25a. (409) 

PRESTON, H. B. 1915a. Report on a collection of Mollusca from the out-
skirts of Calcutta, Rec. Indian Mus., 11: 479-482. (410) 

PRESTON, H. B. 1915b. The Fauna of British India including Ceylon and 
Burma, Mollusca (Freshwater Gastropoda and Pelecypoda) 
London. Taylor and Francis, pp. I-XI + 1-244. (411) 

PRESTON, H. B. 1916. Report on a collection of Mollusca from the 
Cochin and Ennur backwaters. Rec. Indian Mus., 12: 27-39. 

(412) 

RADHAKRISHNA, Y & JANAKI RAM, K. 1984. See JANAKI RAM, K. 
& RADHAKRISHNA, Y (224) 

RAGHUPATHIRAMlREDDY, S. 1967. Respiratory enzymes during aestivation 
of the Indian apple snail, Pi/a globosa. Life Sciences, 
6: 341-345. (413) 

RAGHUPATIDRAMIREDDY, S. & SWAMI, K. S. 1961. Distribution of uric 
acid in the soft parts of the amphibious snail, Pilat I. 
Anim. Morph. Physiol., 10: 154-157. (414) 

RAGHUPATHIRAMIREDDY, S. & SWAMI, K. S. 1964. On the occurrence 
of a heme pigment in the stomach of amphibious snail, 
Pi/a globosa. Curro Sci., 33: 495-496. (415) 

RAGHUPATHlRAMIREDDY, S. & SWAMI, K. S. 1967. Adenine nucleotides 
and adenosine triphosphatase activity during aestivation of the 
Indian apple-snail, Pi/a globosa. Canad . .T. Biochem. Physiol, 4S: 
603-607 (416) 



HANDBOOK: Freshwater molluscs of India 265 

*RAGHUPATHIRAMIREDDY, S. & SWAMI, K. S. 1968. The occurrence of 
helicorubin in the Indian apple-snail, PUa globosa. Archs. 
into Physiol. Biochem., 76: 26-36, 4 figs. (417) 

RAJA, S. N. 1945. A preliminary account of the development and dis
integration of the shell and gland in Pila globosa. Proc. Indian 
Sci. Congr., 29 (3): 154. (418) 

RAJAGOPAL, A. S. & SUBBA RAO, N. V. 1968. Aquatic and Amphi
bious molluscs of the Kashmir valley, India. Proc. Symposium 
on Mollusca, Part-I, Marine Biological Association of India, 
94-120. (419) 

RAJAGOPAL, A. S. 1970. Occurrence of the snail Lymnaea (Galba) trun
catula (Mueller) (Mollusca: Pulmonata) at Malad, Bombay 
City. J. Bombay nat. Hist. Soc., 67: 588. (420) 

RAJU, D. C., KRISHNAMOORTHY, R. V. and REDDY, A. S. 1971. Effect of 
scorpion venom on the cilialY activity of freshwater mussel. 
Veliger, 14: 192-194, 2 figs, 96, 2 tabs. (421) 

RAMAMURTHY, K. 1949. The brood pouch and nutrition of embryos in 
Melanoides tuberculatus (Mueller). (Abstract). Proc. Indian 
Sci. Congr., 36 (3): 157. (422) 

RAMAMOORTHI, K. 1950. The brood pouch in the viviparous Melaniide 
(Mollusca: Gastropoda). J. zool. Soc. India, 2 (1): 27-33. 
text figs. (423) 

RAMAMOORTHI, K. 1955. Amino acids in the reserve nutrition materials 
of the egg of Pi/a virens (Lamarck). Curro Sci., 24 (10): 339-
340, 1 fig. (424) 

RAMAMOORTHI, K. 1955. Studies in the embryology and development of 
some Melanid snails. J. zool. Soc. India, 7: 25-34, 8 figs. 

(425) 

RAMAMOORTHI, K. 1958a. Aminoacids in the development of Pila virens 
(Lamarck). J. Anim. morpho physiol., 5 (2): 34-42. (426) 

RAMAMOORTHI, K. 1958b. Chromosomes of Viviparus dissimilis (Mueller) 
and Viviparus bengalensis (Lamarck) (Prosobranchia-Gas
tropoda). J. zool. Soc. India, 10 (1): 35-38, 1 pI. (1959). (427) 

RAMAMOORTHI, K. 1958c. A study of chromosomes during spermato
gensis in Viviparus dissinlilis (Mueller) and Viviparus bellga
lensis (Lamarck). (Prosobranchia-Gastropoda). Proc. 45th 
Indian Sci .. Congr., Calcutta, pt. 3, p. 385. (428) 



266 Zoological Survey of India 

RAMAMOORTHI, K. 1958d. Chemical embryology of Pi/a virens 
(Lamarck). Proc. 45th Indian Sci. Congr. Calcutta. pt. 3. 
p. 391. (429) 

RAMAMOORTHI, K. 1959a. Glycogen content during the development of 
Pi/a virens (Lamarck). J. zool. Soc. India, 11 (1): 11-16. (430) 

RAMAMOORTHI, K. 1959b. Distribution of alkaline phosphatase during 
the early development of Pi/a virens (Lamarck). Proc. nat. 
Inst. Sci. India, 25B: 87-89, 1 pI. (431) 

RAMAMOORTHI, K. 1960. Ribonuclie acid during the development of 
Pi/a virens(Lamarck). J. zool. Soc. India, 12: 22-26, 1 fig. (432) 

RAMANA RAo, K. V., MURALI MOHAN, P. & SWAMI, K. S. 1974. Cardiac 
activity during aestivation of the snail, Pi/a globosa (Swainson). 
Curro Sci., 43 (14): 453-454. (433) 

RANA, S. V. S. 1974. A comparative study on the distribution of a few 
enzymes and their functional significance in the gills of a 
freshwater mussel and a fish. J. zool. Soc. India, 24 (2) (1972): 
125-133. (434) 

RANGNEKAR, P. V. 1955. The nutritive capacity of blood of some 
representative crustaceans and molluscs, J. Anim. Mo,.ph. 
Physioi., 2: 101-104. (435) 

RANGNEKAR, P. V. 1955. A note on the colourless blood of the fresh
water mussel, Lanlellidens lamellidens. J. Univ. Bombay N. S. 
21B (3): 88-89. (436) 

RANJHA, A. R. 1942. The embryology of the Indian apple-snail, Pi/a 
globosa (Swainson) Mollusca, Gastropoda. Rec. Indian Mus., 
44 (3): 217-322, text-figs. (437) 

RANJHA, A. R. 1944. On oviposition as a character in the evolution 
of terrestrial gastropoda from aquatic gastropod molluscs. 
Proc. Indian Sci. Congr., 31 (3): 94. (438) 

RAO, H. S. 1923. On the anatomy of Indoplanorbis exustus (Mollusca, 
Pulmonata). Rec. Indian Mus., 25:· 199-219. (439) 

RAO, H. S. 1925a. On the comparative anatomy of Oriental Viviparidae. 
Rec. Indian Mus., 27: 97-129. (440) 

RAo, H~ S . .1925b. Note on a collection of freshwater gastropods from 
Thazi. Rec. Indian Mus., 27: 129-145. (441) 

RAO, H. S. 1925c. On certain succineid molluscs from the Western Ghats, 
Bombay Presidency. Rec. Indian Mus., 27: 385-400. (442) 

RAO, H. S. 1928. The aquatic and amphibious molluscs of the northern 



HANDBOOK: Freshwater molluscs of India 267 

Shan states, Burma. Rec. Indian Mus., 30: 309-468, pIs. 
XII-XIV. (443) 

RAO, H. S. 1931. Angulyagra oxytropis (Benson) nom. nov. -A correc-
tion. Rec. Indian Mus., 33: 301. (444) 

RAO, K. P. 1962. Physiology of acclimation to low temperature in poikilo-
therms. Science, 137: 682-683. (445) 

RAO, K. P. 1963a. Physiology of low temperature acclimation in tropical 
poikilotherms. 1. Ionic changes in the blood of freshwater 
mussel, Lamellidens marginalis and the earthworm, Lalnpito 
mauritii. proc. Indian Acad. ScL, 57B (5): 290-296, fig. (446) 

RAo, K. P. 1963b. Physiology of low temperature acclimation in tropical 
poikilotherms. II Interferometric analysis of protein content 
of blood cells in the freshwater mussel, Lanlellidens marginalis 
and the earthworm, Lanlpito mauritii. Proc. Indian Acad. Sci., 
57B (5): 297-299. (447) 

RAo, M. B. 1944. A brief account on the life cycle of Lymnaea acuminata 
and Indoplanorbis exustus as observed in Nizamsagar area. 
Indian Vet. J., 21: 76-79- (448) 

RAUT, S. K. 1980. Preliminary observations on the breeding of the banded 
pond snail, Viviparus bengalensis (Lamarck). (Gastropoda: 
Viviparidae) in West Bengal. Bull. zool. Surv. India, 3 (1 & 
2): 47-50. (449) 

RAUT, S. K. 1981. Sex ratio in Viviparus bengalensis (Lamarck) '(Gastro
poda: Viviparidae). Bull. zool, Surv. India, 4 (1): 13-15. (450) 

~RAVINDRANATH, M. H. & RAVINDRANATH, M. H. R. 1974. The Chemical 
nature of the shell of molluscs. 1. Prismatic and nacreous 
layers of a bivalve Lamellidens marginalis (Unionidae). Acta 
histochem., 48 (1): 26-41. (451) 

RAY, H. C. 1943. Report on a collection of molluscs from Santal Parganas, 
Bihar. J. Asiat. Soc. Beng., n.s., 9 (1): 63-80. (452) 

RAY, H. C. 1947. On a collection of melaniids and neritides (Mollusca, 
Gastropod~) from the Andaman Islands., Rec. Indian Mus.·, 
45 (4): 299-308, text figs. (453) 

RAY, H. C. 1951. A new'species of the genus Melania from the Coromandel 
coast of India (Mollusca, Gastropoda: Fam: Melaniidae) . 
. Rec. Indian Mus., 50: 111-112, pI. II, fig. 1-6a. (454) 

RAY, H. C.' 1961. On. some non-marine molluscs from South India. 
Treubia, 25: 273-279. (455) 

RAY, H. C. 1962. Chok~.ge of filter water pipe system by freshwater 



268 Zoological Survey of India 

molluscs. Proc. First All Ind. Congr. Zool., pt. 2, Sci. pap, 
pp.20-23. (456) 

RAY, H. C. 1962. A new species of freshwater molluscs, Viviparus dina
porensis froln Dinapore in Bihar, India (Gastropoda-Family: 
Viviparidae). J. Conchyl. Paris, 102: 89-91. text-figs. A,B. (457) 

RAY, H. C. 1966. A new species of freshwater mussel, Indonaia khadak
vaslaenis from Poona, Maharashtra, India. J. Conchyl. Paris, 
105 (4): 226-229. (458) 

RAY, H. C. 1967. A new or little known species of the genus Stagnicola 
Leach 1830, from India (Mollusca): Gastropoda, Family
Lymnaeidae, J. Conchyl. Paris, 106: 3-7. (459) 

RAY, H. C. & RAYCHOWDHURY, P. 1967. Description of a new 
species of freshwater snail, Viviparus zilchi from Ratnagiri 
Maharashtra, India (Mollusca: Gastropoda, Viviparidae) 
Arch. Moll., 96 (3/6): 187-189, text-fig. (460) 

RAY, H. C. & RAYCHOWDHURY, 1969. Two new freshwater gastropods 
from India. Proc. zool. Soc. Calcutta, 22 (1): 47-51, 1 plate. 

(461) 

REODI, K. K., GIRl, K. V. & DAS, R. 1948. Thiaminase system in 
freshwater mussel (Lamellidens marginalis) (Abstract). Proc. 
Indian Sci. Congr., 34 (3): 39. (462) 

REODI, K .. K. & GIRl, K. V. 1949. Purification and seperation of the two 
thiaminases in freshwater mussel (Lamellidens marginalis) 
Engymologia, Denhaag, 13 (5): 281-287. table (463) 

REDDI, K. K. 1950. In vivo studies on the "anti thiamine factor" in fresh-
water mussel (Lamellidens marginalis). Proc. nat. Inst. Sci. 
India, 16: 221-225, 1 fig. & tables. (464) 

REDDY, K. R., RAO, D. R. & EMADUDDIN, M. 1967. Biological 
control of freshwater snails by aquati(; beetles-Dytiscus 
marginalis and Hydrophilus triangularis. (A preliminary note) 
Indian Vet. J., 44: 748-751. (465) 

REDDY, Y. S., PRAMILAMMA, y., NARAYANAN, R & SWAMI, K. S. 1977 
Phosphorylase activity in the tissues of active and aestivated 
Pi/a globosa Swainson. Indian J. expo Bioi., 15 (8): 671-672 

(466) 

REDDY, Y. S., RAO, P. V. & SWAMI, K. S. 1974. Probable significance of 
urea and uric acid accumulation during aestivation in the 
gastropod, Pi/a globosa (Swainson). Indian J. expo Bioi., 
12 (5): 454-456. (467) 



HANDBOOK: Freshwater molluscs of India 269 

REDDY, Y. S. & SWAMI, K. S. 1976. Regulation of uric acid synthesis 
during aestivation by glutamine levels in Pi/a globosa. Curro 
Sci., 45 (6): 266. (468) 

REEVE, L. 1855-56. Monograph of the genus Neritina, Navicella. Conch. 
Icon., 9, pIs. 1-37 and 1-8. (469) 

REEVE, L. 1859-61. Monograph of the genus Melania. Conch. Icon., 
12, pis. 1-59. (470) 

REEVE, L. 1862-63. Monograph of the genus Paludina. Conch. Icon. 
14, pis. 1-11. (471) 

ROBSON, G. C. 1922. On the style sac and intestine in Gastropoda and 
Lamellibranchia. Proc. malac. Soc. Lond., 15: 41-46. (472) 

ROHRBACH, F. 1937. Oekologische and morphologische untersuchungen 
an Viviparus (Bellamya) capillatus Frauenfeld und Viviparus 
(Bellanlya) unicolor Oliver, unter Be~ecksichtigung anderer 
tropischer Formen und in Hinblick auf phyletische Bezie
hungen. Arch. Molluskenk., 9: 177-218. (473) 

* SABlAN, P. J. and MUTHE, P. T. 1977. Effect of Cortisone (injectable) 
on the carbohydrate metabolism in Lamellidens lamellidens. 
J. Bioi. Sci., 18 (1): 22-32, 1975. (474) 

SARWAR, M. M. 1953. Bionomics and geographical distribution of 
Lymnaea acuminata in the Punjab. Proc. Pakist. Sci. Congr., 
5 (3): 176-177. (475) 

SATYAMURTHI, S. T. 1960. The land and freshwater mollusca in the 
collections of the Madras Government Museum. Bull. Madras 
Govt. Mus., n.s. (nat. Hisl.), 6 (4): 1-174, 21 pis. (476) 

':SAXENA, B. B. 1955. Physiology of excretion in the common Indian 
apple snail, Pi/a globosa (Swainson). J. Anim. Morph. Physiol., 
2: 87-95, 2 figs. (477) 

SAXENA, B. B. 1956a. Excretory constituents of the blood of Pi/a globosa 
(Swainson). Arch. Interact. physiol., 64: 578-582. (478) 

SAXENA, B. B. 1956b. Nutritive constituents of the blood of Pi/a globosa 
(Swainson). Naturwissencha.ften, 41 (9): 201-202. (479) 

SAXENA, B. B. 1956c. Some observations on the ecology and behaviour 
of the common Indian apple snail, Pi/a globosa (Swainson). 
J. Bombay nat. Hist Soc., 53 (4): 733-736, 2 figs (480) 

SCHLESCH, H 1908 New varieties of Nanina belanger; and Corbicula 
fluminalis Mueller from India. Rec Indian Mus, 2 (1): 108. 
. (481) 



270 Zoological Survey of India 

SENGUPTA, A. 1977. Observations on the gill of Viviparaus bengalensi$ 
in relation to calcium uptake and storage. Acta. Zool., 58 (3): 
123-134, 1974. (482) 

SESHAIY A, R. V. 1928. On the breeding habits and fecundity of the snail 
Lymnaea luteola (Lamarck) forma typica. J. Bonlbay nat. 
Hist. Soc., 32 (122): 154-158,9 figs. (483) 

SESHAIYA, R. V. 1929a. The stomach of Paludomus tanschaurica (Gmelin). 
Rec. Indian Mus., 31: 7-12. (484) 

SESHAIYA, R. V. 1929b. The style sacs of some freshwater gastropods. 
Rec. Indian Mus., 32: 101-106. (485) 

SESHAIYA, R. V. 1932. The style sacs of some more gastropods. Rec. 
Indian Mus., 34 (2): 171-175. (486) 

SESHAIYA, R. V. 1934a. A further note on the style sacs of gastropods. 
Rec. Indian Mus., 36: 179-183, text-figs. (487) 

SESHAIYA, R. V. 1934b. Anatomy of Paludomus tanschaurica Gmelin. 
Rec. Indian Mus., 36: 185-212. text-figs~ (488) 

SESHAIYA, R. V. 1935. Anatomy of Melania (Radin a) crenulata-
(Deshayes), var. tirouri. Proc. Indian Sci. Congr., Calcutta 
22: 314 (abs). (489) 

SESHAIYA, R. \7. 1936a. Notes on the comparative anatomy of some 
Indian Melaniidae, with special reference to Melania (Radina) 
crenulata (Deshayes). J. Annamalai Univ., 5 (2): 167-183. 
text-figs. (490) 

SESHAIYA, R. V. 1936b. Absorption of food in Melania (Radin a) crenu
lata. var. tirouri Fer. Proc. Indian Sci. Congo Calcutta, 23: 
252. (491) 

SESHAIY A, R. V. 1940a. The duration of the parasitic stage in the life 
history of south Indian freshwater mussel. Curro Sci., 9 (2): 78. 

(492) 

SESHAIYA, R.V. 1940b A-free larval stage in the life history of a fluviatile 
gastropod. Curro Sci., -9 (7): 331-332. (493) 

SESHAIY A, R. V. 1941. Tadpoles as hosts for the glochidia of the fresh-
water .mussel. Curro Sci., 10 (12): 5~5-536. (494) 

SESHAIYA, R. V. 1949a A remark~ble abnormality in the development of 
Viviparus diSsimilis (Mueller). Curro Sci., 18 (3):- 84-85 (495) 

SESHAIYA, R. v~ 1949b. A further note" on the breeding, pat~sitism and 
_development of the .Indian freshwater' musscl~ (abs). Proc. 
Indian Sci. Congr., 35 (3): 197. (496) 



HANDBOOK: Freshwater molluscs of India 271 

SEWELL, R. B. S. 1921. The banded pond snail of India (Vivipara benga
lensis) pt.-I, Anatomical. Rec. Indian Mus., 22: 529-548, 
fig. 10. (497) 

SEWELL, R. B. S. 1922. Cercariae indicae. Indian J. Med. Res. Calcutta 
10: 1-370+i-iii. (498) 

SEWELL, R. B. S. 1934. A study of the fauna of the . Salt Lakes, Calcutta 
Rec. Indian Mus., 36: 45-121 (Moll. 55-57). (499) 

SHAIKH, H. and RAHMAN, A. S. M. H. 1968. Studies on the cercariae 
of digenetic trematodes in the snails Thiara tuberculata 
(Mueller) (Syn: Melanoides tuberculata) prevalent in East 
Pakistan. Pakistan J. Vet. Sci., 2: 147-150, 2 tabs. (500) 

SHERBET, G. V. and LAKSHMI, M. S. 1964a. A study of the carbo
hydrate metabolism in Planorbis exustus. J. Embryol. expo 
M orph .. 12: 35-46. (501) 

SHERBET, G. V. & LAKSHMI, M. S. 1964b. An analysis of the early deve
lopment of Planorbis exustus using barbituric acid. Wilhelm 
Roux' Arch. Entwickl .. -Mech Org., 155: 144-151. (502) 

SHERBET, G. V. & LAKSHMI, M. S. 1964c. Inhibition of development 
of Planorbis exustus by cloramphenicol. Wilhelm Roux' Arch. 
Entwickl.-Mech. Org., 155: 429-436. (503) 

SHERBET, G. y. & LAKSHMI, M. S. 1964d. Inhibition of development of 
Planorbis exustus ~y cobaltous sulphate and chloramphenicol. 
Naturwissenschaften, 51: 119. (504) 

SHERBET, G. V. & LAKSHMI, M. S. 1964e. A study of the effects of 
some metabolic inhibitors on the formation of the shell in 
Planorbis exustus. Proc. KOIJilJkl. Medevl. Akademie Von 
~etenschappen., Sere C. 67 (4): 261-272~ (505) 

SHYLAJA, R. & ALEXANDER, K. M. 1975. On alkaline phosphatase 
in the normal aestivating Pi/a v;rens (Mollusca, Prosobranchia). 
1. Anim. Morphol. Physioi., 21 (2): 118-123. Illus, 1974. (506) 

SHYLAJA, R. & ALEXANDER, K. M. 1976. A study on the pattern of excre
tion in the freshwater bivalve Lamellidens corrianus. Curro 
Sci., 45 (1): 25. (507) 

SING, INDIRA and NAYEEMUNNlsA 1977. Neurochemical correlates of 
aestivation. Changes in the levels of glycogen and glucose 
in the cerebral, pleuropedal and visceral ganglia of 
the Indian apple snail, ·Pita globosa. Proc. Indian A cad. Sci., 
84 B.(2): 56-59. 1976. (508) 

SING~ INDIR-A and NA YEEM-IUNNISA 1978. Neurochemical rorrelates of 



272 Zoological Survey of India 

aestivation: Changes in ganglionic protein metabolis~. 
in the Indian apple snail, Pi/a globosa. Proc. Indiall A cad. 
Sci., 86 B(2): 139-142. 1977. (509) 

S IVALING AM , V. 1949. Some Ceylon freshwater snails and human. 
schistosomes. Ceylon J. med. Sci., () (4): 184-185, pIs. (510) 

SMITH, E. A. 1898. Description of Mulleria dalyi n.sp. from India. Proc. 
malac. Soc. Lond., 3: 13-16, fig (511) 

SMITH, E. A. 1901. Land and freshwater Dlollusca. The fauna and geo
graphy of Maldive and Laccadive Archipelagos, 1: 141-145, 
text-figs., 24. (512) 

SOWERBY, G. B. 1849. Monograph of the genus Neritina. Thesaurus 
Conchyliorum, 2 (10): 5Q8-542, pIs. 109-116. (513) 

SOWERBY, G. B. 1850. Monograph of the genus Navicella. Thesaurus 
Conchyliorum, 2 (11): 547-557, pIs. 117, 118. (514) 

SRIVASTAVA, H. D. 1948. Extermination of aquatic snails as a measure 
in the control of trematode infection (abstract). Proc. Indian 
Sci. Congr., 34 (3): 174. (515) 

STARMUEHLNER, F. 1969. Die gastropoden der madagassichen binnenge-
wasser. Malacologia, 8: 1-434. (516) 

STARMUEHLNER, F. 1970. Etudes hydrobiologiques en Nauvelle-Caledonie: 
Die Mollusken der Neukaledonischen Binnengewasser. Cah~ 

O.R.S.T.O.M. Sere Hydrobiol, 4 (3/4): 1-127. (517) 

STARMUEHLNER, F. 1974. Part XVII: The Freshwater Gastropods of 
Ceylon. Bull. Fish. Res. stn., Sri Lanka [Ceylon], 2S (1 & 2): 
97-181. (518) 

STARMUEHLNER, F. 1976. Beitrage zur Kenntnis der Susswasser 
Gastropoden pazifischer Inseln. Ann. Naturhist. Mus., Wien. 
80: 473-656. (519) 

STARMUEHLNER, F. 1977. The genus Paludomus.in Ceylon. Malacologia, 
16 (1): 261-264. (520) 

STOLICZKA, F. 1871. Notes on the anatomy of Cremnoconchus sahadrensis 
Proc. Asiat. Soc. Beng., 1871: 101-115, figs. 1-5 (521) 

SUBBA RAo, N. V. 1975. Studies on Indian neritids (Mollusca: Gastro
poda: Neritidae). Ph. D. thesis, .University of Calcutta. (522) 

SUBBA RAo, N. V. & DEY, A. 1986. :Freshwater Molluscs of Mizoram 
J. Hydrobiol, 2 (3) : 25-32. (523) 

SUBBA RAO, N. ,V., DAS, A. K. AND MITRA, S .. C .. 1980. On freshwat~~ 



HANDBOOK: Freshwater molluscs of India 273 

molluscs of Andaman and Nicobar Islands. Rec. zool. Surv. 
India. 77: 215-245 pIs. I-IV. (524) 

SUBBA RAO, N. V. and MITRA, S. C. 1979. On land and freshwater 
molluscs of Pune district, Maharashtra. Rec. zool. Surv. India. 
75: 1-37. (525) 

SUBBA RAO, N. V. & MITRA, S. C. 1982. Bioecology of two melaniid 
snails (Mollusca: Gastropoda) in ponds near Calcutta. J. 
zool. Soc. India, 34 (1 & 2): 21-32. (526) 

SWAMINATHAN, S. & SAYEENATHAN, R. 1974. Aminoacids of the crystalline 
style of Melania crenulata (Deshayes). Sci. & Cult., 40 (6): 
267-268. (527) 

TAPASWI, PRANAB KUMAR 1977. Investigation on the biosynthesis 
of sulphur containing compounds in Lymnaea (Mollusca) 
Oocytes, Corpuscles and Jelly during Oogenesis period. Acta 
Embryol. Exp., 3: 267-272, 1976. (528) 

THAPAR, G. S. 1968. Studies on the life histories of trematode parasites, 
1. A new monostome cercaria, Cercaria neopronocephalus 
indicus n.sp. (Ephemera group) from the snails, M elan 0 ides 
tuberculatus from Lucknow and its probable identity to N eo-
pronocephalus triangularis Mehra, 1932. Indian J. Helminth., 
20: 125-131, 6 figs. (529) 

THAPAR, H. S. 1969. Studies on the life histories of trematode parasites 
2. Some new and little known cercariae from Lucknow and 
its environments. Indian J. Helminth., 21: 119-146, 7 figs. 

(530) 

THEOBALD, W. J. 1865. Notes on a collection of land and freshwater 
shells from the Shan State--collected by F. Fedden Esq. 1864-
65. J. Asiat. Soc. Beng.,34: 213-279. (531) 

THEOBALD, W. J. 1876. Catalogue of the land and freshwater shells of 
British India. (532) 

THEOBALD, W. J. 1877. Description of some new land and freshwater 
shells from India and Burmah. J. Asiat. Soc. Beng., 45 (2)., 
184-189. (533) 

THEOBALD, W. 1878. Notes on the land and freshwater shells of 
Kashmir, more particularly of the Jhilum Valley below Sri
nagar and the hills north of Jammu. J. Asiat. Soc. Beng., 47 
(2): 141-149. (534) 

THIELE, J. 1928. Revision des systems der Hydrobiiden and Melaniiden. 
Zool. lahrb. (Syst.), 55: 351-402. (535) 



274 Zoological Survey of India 

THIELE, J. 1929. H andbuch der systematischen weich t ierkunde , vol. 1. 
Gustav Fischer, Jena, 376 pp. (536) 

THIELE, J. 1931. Handbuch der systematischen weichtierkunde. vol. 2. 
Gustav Fischer, Jena, pp. 377-778. (537) 

THOMAS, E. I. 1963. The statocysts of Lamellidens marginalis (Lamarck). 
Sci. & Cult., 29: 507-508, 1 fig. (538) 

THOMAS, E. I. 1977. The bionomics, anatomy and development of the 
freshwater mussel, Lamellidens marginalis (Lamarck). Ann. 
Zoo. (Agra), 10 (4): 71-169, 1974. (539) 

TONAPI, G. T. 1971. Studies on the freshwater and amphibious Molluscs 
of Poona with notes on their distribution-Part II. J. Bom
bay nat. Hist. Soc., 68 (1): 115-126, 4 pIs. (540) 

TONAPI, G. T. & MULHERKAR, L. 1963. On the freshwater molluscs 
of Poona. J. Bombay nat. Hist. Soc .. 60 (1): 104-120, pIs. 
36. (541) 

TRIPATHI, H. N. 1978. A survey of trematode infection in aquatic snails. 
Asian Congress of Parasitology, Bombay, Abstracts, IV-29 , 
pp. 204-205. (542) 

TROSCHEL, F. H. 1866-1873. Das gebiss der schnecken zur Begrun
dung einer naturlichen classification Vol. 2. Nicolaische Verla
gsbuchhandlung, Berlin, 409 pp. 20 pIs. (543) 

TRYON, G. W. 1888. Monograph of the family Neritidae. Man. Conch. 
10: 3-11, 18-82, pIs. 1-29. (544) 

VARMA, A. K. 1954. Studies on the nature, incidence, distribution and 
control of nasal schistosomiasis and fascioliasis in Bihar. 
Indian J. Vet. Sci., 24: 11-33, 1 pI. 1 fig. (545) 

Y ASISHT, H. S. and GULATI, S. 1972. The freshwater molluscs of 
North India. Research Bull. Punjab Univ., 22 (3-4): 465-467. 

(546) 

YENKATESWARA RAO, P. and NARAYANAN, R. 1977. Nitrogenous 
compound of the body fluids of usual and unusual 
gastropod hosts of larval trematodes. Hydrobiologia, 50 (3): 
205-20S, 1976. (547) 

* YIVEKANANDAN , E., HANIFFA, M. A., PANDIAN, T. J. & RAGHURAMAN, R. 
1977. Studies on energy transformation in the freshwater 
snail, Pi/a globosa. Freshwater Bioi., 4 (3): 275-280. (548) 

WALKER, B. 1925. New species of freshwater operculates. Nautilus, 39: 
5-S. (549) 



aANDBOOK : I Freshwater molluscs of India 275 

WALKER, B. 1927. Studies on Clonorchis sinensis (Cobbold) VI. The 
molluscan hosts of Clonorchis sinensis (Cobbold) in Japan, 
China and South eastern Asia, and other species of molluscs 
closely related to them. Amer. J. Hyg. Monogr., 8: 208-250. 

(550) 

WOODWARD, B. B. 1892. On the mode of growth and the structure of the 
shell in Jt"eJates conoideus Lamarck and other Neritidae. Proc, 
zool. Soc. Lond., 1892: 528-540. (551) 

WOODWARD, S. P. 1856 On the land and .freshwater shells of Kashmir 
and Tibet, collected by Dr. T. Thomson. Proc. zool. Soc. 
Lond., 1856: 185-187. (552) 

WOODWARD, M. F. 1898. Anatomy of Mulleria daly; Smith. Proc. 
malac. Soc. Lond., 3: 87-91, figs. 1-11. (553) 

YEN, T. 1943. A preliminary revision of the recent species of the Chinese 
Viviparidae. Nautilus, 56 (4): 124-130. (554) 

YONGE, C. M. 1926. The digestive diverticula in the Latnellibranchs. 
Trans. Roy. Soc. Edinb., 54: 703-718, 2 pI. (555) 

"Not seen in original 

Subject Ind ex 

The numbers below correspond to the serial numbers given in paren
the~es at the end of each reference under Bibl iography. 

References on a particular family /genus/ species are cited under each 
of the concerned taxon in the text. 

General 

26, 44, 49, 76, 134, 147, 149, 164, 166, 198,205,207.209,226,230, 235, 
250,259, 266,281, 293, 301, 312,313, 352, 356, 369, 375,385, 390, 396, 438, 
450,456,475,4991 526,527. 

Andhra Pradesh 
Bangladesh 
Bihar 
Burma 

China 

Geographical 

78, 224, 448,459. 
179. 
85,86,142,452,457,545. 
28,72,.94,95,96,99,109,110,111,114,376,393,394,441, 
443, 531, 533. 
67,91. 



276 

Himachal Pradesh 
Indonesia 
Kashmir 
Madhya Pradesh 
Maharashtra 
Malay Peninsula 
·Manipur 
Meghalaya 
Mesopotamia 
Mizoram 
Nagaland 
Orissa 
Pakistan 
Punjab 
Seistan 
Sri Lanka (Ceylon) 
Tibet 
Uttar Pradesh 
West Bengal 
Yunnan 

Zoological Survey of India 

6,9. 
101,102,155. 
212,389,419,534,552. 
8,13. 
30,59,108,205,207,388,420,442,458,460,525,540,541. 
40. 
42,55. 
54. 
29,62,374. 
523. 

407. 
27,37,47,50,56,57,76,359,360,362,408,409. 
14,240,475. 
70,71,160,208,546. 
38,61,69. 
109,383,510,518,520. 
405. 
375. 
23,24,44,49,60,136,209,410,499,526. 
53,379. 

Faunistic 

3,6,8,9,13,14,23 to 25,28 to 30,32,36 to 38,40,42,46,47,50,53 to 57,59 to 
62,67 to 72,78,86,98,111,114,137,160,181 to 188,192,204,212,217,240,242,248, 
270, 336 to 340, 345, 363, 373, 374, 379,383,389,393,394,402,405,408 to 412, 
441 to 443,452,453,455,476,512,516 to 519,525,531 to 534,540,541,546,552. 

Systematics 

17,33,34,43,45,48,58,63,64 to 66, 73,77,81,82,88 to 97, 99 to 102, 108 to 
110,112,113,117,127,129, (Cytotaxonomy), 130,138,143,144,146,150 to 152, 
155,156,167,172, 173, 176,191,192,195,196,199,200,202,203,213,214,216,225, 
227 to 229,237,243,247,268,269,286 to 289, 343,347,367,370 to 372,378,380, 
382, 386 to 388,392,395,397 to 401,403,404,406,407,444,454,457 to 467,469, 
471,481,511,513,514,520,522,535,536,537,543,544,549,554. 

Ecology & Behaviour 

31, 193,206,208,236,238,245,298,303,311,323,362,473,480. 



·HANDBOOK: Freshwater molluscs of India 277 

Anatomy & Morphology 

19 to 21,41,43,51,87,104,115,116,154,174,175,177,178,180,201,256,260 to 
262,274,325,330,344,353,354,364 to 366,368,381,391,422,423,439,440,451,472, 
473,482,484 to 490,497,505,521,538,539,551,553. 

Physiology & Biochemistry 

10,105,125,132,135,165,170,231 to 234,239,241,246,251 to 254,257,258, 
272,273,275 to 280,282 to 284,291,294,296 to 298,304 to 307,311,314,315, 
317 to 322,324,327,329,332,335,346,348,351,355,384,413 to 417,421 to 424, 
433 to 436,445 to 447,462 to 464,466 to 468,474,477 to 479,491,501,506 to 
509, 528, 548, 555. 

Reproduction & Development 

5,15,16,18,79,80,103,106,118 to 124,131,157 to 159,171,194,218,299,300, 
308,349,418,422,423,425,426,429 to 432,437, 448, 449,483,492 to 496, 502 to 
504, 539. 

Growth 

4,7,11,12,301,326,328,331. 

Cytology 

129,133,219 to 222,316,333,334,427,428. 

Parasitology & Control 

1,2,22,35,52,74,83,84,107,128, 139 to 141, 145, 146, 148, 153, 160 to 163, 
168, 169, 179, 197, 210, 211, 215, 223, 241, 244, 249, 263, 264, 265, 267, 271, 
292,295,302,309,310,342,350,357 to 362,465,498, 500, 510, 515, 529, 530, 542, 
545, 547, 550. 

Fisheries 

85,142,524. 

Palaeozoology 

39,190,341,377,387,389,390. 



278 Zoological Survey of India 

ADDENDUM 

The following two species are inadevertently left out in the mai~ text. 
The number preceding each species indicates its position in the text. 

75a Stenothyra monilifera Benson, 1856 

Stenothyra monilifera Benson, 1856, Ann. Mag. nat. Hist., (2) 17: 477. 

Type locality: Mergui, Tenasserim, Burma. Annandale & Prashad, 
1921, Rec. Indian Mus., 22: 127. 

Distribution: Burma: Akyab, Amherst; Malaysia: Penang. 

Remarks: In the collections examined distinct punctations are not 
seen and the specimens agree with Stenothyra minima (Figs, 163, 164). 

130a Lyrnnaea physclIs Annandale & Rao, 1925 
(Figs. 266, 267) 

Limnaea physcus Annandale & Rao, 1925, Rec. Indian Mus., 27: 104. 

Type locality: He-Ho Plain, Southern Shan States 

Type: ZSI Regd. No. M 12045/2 (Holotype) 

Distribution: Burma: He-Ho Plain, Southern Shan States. 

Remarks: Known from types only. The body whorl relatively large, 
aperture also large but not expanded. 

Although Annandale & Rao (1925) mentioned that it is allied to 
Lymnaea peregra it seems to be a juvenile form of either Lymnaea luteola 
f. ovalis or L. luteola f. succinea. 
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APPENDIX 

LIST OF COMMON FRESHWATER MOLLUSCS OF INDIA 

As many as 285 species of gastropods and bivalves are included in this 
'Handbook on Freshwater Molluscs of India and adjacent countries' But 
of the total number listed in the book only 200 species are reported from 
India. Among these only a small number of species are common. From 
our experience in the field and on the basis of the collections that we have 
been receiving in the Zoological Survey of India for identification from 
various individuals and institutions it has been seen that there are hardly 
47 species (13 families) which are generally come across by anyone engaged 
in the collection of molluscs. When one makes a collection of molluscs 
it is advised that at first one should sort out the collection into families and 
then take the help of the list given below supported by the illustrations and 
the remarks given under each species. A serious student of molluscs how
ever, should follo"," the text given in the book. 

In order to facilitate an easy identification and to act as a ready 
reference a list, of common molluscs of India is given below; where a parti
cular species is common in a specific geographical area the name of such 
an area is mentioned. All the other species generally occur throughout 
India. 
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Name of the species Occurrence Reference to 
page & figure 

Class Gastropoda 
Subclass Prosobranchia 
Order Archaeogastropoda 
Family Neritidae 

Neritina (Dostia) violacea 
(Gmelin, 1791) In ri ver mouths 37 30,31 

and estuarine 
regIons. 

Order Mesogastropoda 
Family Viviparidae 

Bellamya bengalensis (Lamarck, 1822) 45 55-59 
Bellamya dissimilis (MUller, 1774) 48 64-67 
Angulyagra oxytropis (Benson, 1836) Manipur 51 70 

Family Pilidae 
Pi/a globosa (Swains on, 1822) North India 58 80 
Pi/a virens (Lamarck, 1822) South India 60 87 

Family Bithyniidae 
Gabbia orcula producta (Nevill, 1884) 77 142 
Gabbia travancorica (Benson, 1860) South India 78 145, 146 
Digoniostoma cerameopoma 

(Benson, 1830) 79 121 
Digoniostoma pulchella (Benson, 1836) 80 113,114 

119 & 120 
Family Stenothyridae 

Stenothyra deltae (Benson, 1836) Estuarine regions 87 166a 
Gangetia miliacea (Nevill, 1880) Estuarine regions 91 175-178 

Family Thiaridae 
Thiara (Thiara) scabra (MUller, 1774) 9.6 185, 186 
Thiara (Stenomelania) torulosa 

(Bruguiere, 1789) South India 100 202 
Thiara (Tarebia) granifera 

(Lamarck, 1822) 101 212, 213 
Thiara (T.) lineata (Gray, 1828) 101 191 
Thiara (M elanoides) tuberculata 

(MUller, 1774) 103 183, 184 
Paludomus (P.) blanfordiana Streams of North- 112 222 

Nevill, 1877 east India 
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---------.---------- --
Name of the species Occurrence Reference to 

page & figure 

----------------------------
Paludomus (Po) conica (Gray, 1834) Streams of North- 113 227 

east India 
Paludomus (Po) regulata Benson, 1856 East India 118 236 
Paludolnus (Po) tanschauricus 

(Gmelin, 1771) South India 118 221, 252 
253 

Subclass Pulmonata 
Order Basommatophora 
Family Lymnaeidae 

Lymnaea (Pseudosuccinea) acuminata 
Lamarck, 1822 126 254-259 

Lymnaea (Po) luteola Lamarck, 1822 128 275, 276 
& 279-289 

Lymnaea (Po) truncatula (Muller, 1774) Kashmir 133 291 
Family Planorbidae 

lndoplanorbis exustus (Deshayes, 1834) 142 326-327 
Hippeutis (H elicorbis ) ulnbilicalis 

(Benson, 1836) 148 333-335 

Segmentina (Polypylis) calatha 
(Benson, 1850) North India 150 339-341 

Gyraulus barl'ackporensis (Clessin, 1886) North India 153 
G. convexiusculus (Hutton, 1849) 154 362-364 
Go Iabiatlls (Benson, 1850) 155 342-344 

Class Bivalvia 
Order Unionoida 
Family Unionidae 

Lamellidens corrianus (Lea, 1834) 165 386, 387 
Lamellidens marginalis (Lamarck, 1819) 168 404,405 

Family Amblemidae 
Parreysia (Parreysia) corrugata 

(MUller, 1774) 179 448, 449 

Parreysia (Parreysia) favidens 
(Benson, 1862) 180 466, 467 

484,485 
Parreysia (Radiatula) andersoniana 

(Nevill, 1877) North-east & 187 508, 509 
East India 
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Name of the species Occ llrrence Reference of 
page & figure 

Parreysia (R.) caerulea (Lea, 1831) 188 516, 517 
Parreysia (R.) occata (Lea, 1860) North & East 191 526, 529 

India 
Parreysia (R.) olivaria (Lea, 1831) North & East 192 534, 535 

India 
Parreysia (R.) pachysoma 

(Benson, 1862) North & East 192 540, 541 
India 

Order Veneroida 
Family Corbiculidae 

Corbicula bensoni Deshayes, 1854 North & East 202 565, 566 
India 

Corbicula striatella Deshayes, 1854 204 575, 576 
Villorita cyprinoides (Gray, 1825) South India 208 591, 592 

(Kerala backwaters) 
Geloina bengalensis (Lamarck, 1818) Estuarine 210 593, 594 

Family Pisidiidae 
Sphaerium indicum Deshayes, 1854 213 600, 601 
Pisidium clarkeanuln G. & H. Nevill, 1871 218 615, 616 

Family Cultellidae 
Tanysiphon rivalis Benson, 1858 Gangetic Delta 221 639, 640 

Family Solecurtidae 
Novaculina gangetica Benson, 1830 Gangetic delta 223 637, 638 
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acanthica, Melania 96 auriculata, Neritina 37 
Acostaea 197 austeni, Camptoceras 144 
Acrostoma 107 austeni, Pisidium 212,213 
aculeata, Nerita 120 australis, Gabbia 75 
acuminata, Lymnaea 124,126 australis, Lymnaea 129 
acutus, Paludomus 118 ava, Pseudodon 174 
Aetheria 197 avarix, Hydrobioides 81 
AETHERllDAE 197 avanum, Sphaerium 212,213 
Afropisidium 218 baconi, Ferrissia 137,138 
albus, Planorbis 153 bactriana, Lymnaea 135 
Alocinma 75 balteata, Bellamya 46 
alticola, Gabbia 76,78 Balwantia J 62,175 
amarula, Tbiara 97 Barlettia 197 
AMBLEMIDAE 171 barrackporensis, Gyraulus 153 
AMBLEMINAE 171 Batissa 2,200,208 
amnica, Tel/ina 214 Belgrandia 91 
Amnicola 75,76,78 Bellamya 11,12,43,44 
Ampullaria 58,60 bellamya, Paludina 44 
ampullacea, Helix 57 BELLAMYINAE 43 
ANADARINAE 159 bengalensis, Bellamya 45,225,226,228 
A nculotus 63 bengalensis, Geloina 210 
ANCYLIDAE 5,23,25,IJ6 bensoni, Corbicula 202,205 
Ancylus 137 bhamoensis, Parreysia 177 
andamanensis, Novaculina 223 biacuminata, Lymnaea 128 
andersoniana, Lymnaea 125,132,133 bicinctus, Paludomus 119 
andersoniana, Paludomus 111,118 bicolor, Clithon 39 
Angulyagra 43,50 Biomphalaria 29 
annandalei, Bellamya 46 Bithynia 72,73,80,83 
annandalei, Iravadia 70 BITHYNllDAE 72 
annandalei, Paludomus 112 BITHYNIINAE 72,73 
annandalei, Parreysia 176 blanfordiana, Paludomus 1 12,226,22S 
annandalei, Pisidium 215 blanfordiana, Stenothyra 86,87 
anodontina, Unio 165 blisteri, Melanoides 107 
Antimelania 108 bonnaeaudi, Parreysia 187 
aperta, Turbinicola 61 borbonica Patella 41 
appressum, Pisidium 216 bowelli, Lymnaea 126,131 
aquaedulcioris, Neosolen 221 Brotia 1 J ,I 2, 107 
arata, Corbicula 201 brevicauda, Lymnaea 125,134 
ARCIDAE 159 brevissima, Lynlnaea 127 
Arcidopsis 163,169 Buccinum 133 
aspirans, Thiara 98.99 Buliminae 73 
assamensis, Corbicula 201 Bulilnus 74 
assamensis, Parreysia 181 BULININAE 141 
ASSIMINEIDAE 2 burmanica, Paludomus 112 
Astenothyra 91 burmanus, Parreysia 177 
ater, Faunus 109 caenosus, Planorbis 148,149 
atkinsonianum, Pisidium 216 caerulea, Parreysia 188,226,229,231 
auricularia, Lymnaea 125,134 calatha, Segmentina 149,150 
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Camptoceras 3,141,143 crebra, Thiara .lOS 
canaliculatus, Cremnoconchus 64 crebristriatus, Pseudodon 173 
capillata, Batissa 209 Cremnobates 62 
capitis, Hippeutis 147 Cremnoconcbus 24,62 
carinatus, Cremnoconchus 63 crenulata, Tiara 25,100 
cashmiriensis, Corbicula 202 crispata, Scabies 193 
celox, Scaphula 159,160 crispisulcata, Parreysia 189 
cerameopoma, Digoniostoma 79 Cristaria 230 
ceylanica, Ferrissia 137,138 cristata, Valvata 55 
ceylonica, Cyrena 211 Culmenella 145 
charon, Melania 100 CULTELLIDAE 220 
chaudhurii, Parreysia 189 curta, Bithynia 83 
cherraequris, Gyraulus 158 CYCLADIDAE 211 
chilinoides, Paludomus 113 curvata, Pseudodon 173 
chilkaensis, Stenothyra 87 cylindrica, Parreysia 180 
chinensis, Gyraulus 154 Cyrena 208,210,211 
chlamys, Lymnaea 127 cyprinoides, Villorita 206,207,208 
choprae, Parreysia 178 daccaensis, Lamellidens 167 
chrysis, Parreysia 181 Dactylochlamys SO 
Cipangopaludina 43,44,49 dalyi, Acostaea 198 
cIarkeanum, Pisidium 218 defilippi, Lymnaea 135 
clavus, Tiara 98 . delicatula, Villorita 208 
Clithon 2,33,38 deltae, Parreysia 181 
coaxans, Venus 209 deltae, Scapbula 160 
cochinensis, Villorita 208 deltae, Stenothyra 87 
colairensis, Bellamya 46 demissus, Planorbis 154 
compacta, Pila 60 dhuma, Paludomus 114 
complanata, Helix 146 dhanushori, Trapezoideus 195 
compressus, Planorbis 154,155 Digoniostoma 72,79· 
conica, Paludomus 113,226,228 diss~milis, Bellamya 48 
conicus, Cremnoconchus 64 distoma, Hydrobioides 82 
consobrinus, Lamellidens 164 doliaris, Bellamya 47 
convexiusculus, Gyraulus 154,158 Dostia 34,37 
Corbicula 49,200 dravadica, Septaria 42 
CORBICULIDAE 199 eburnea, Bellamya 46 
corbiculoides, Villorita 206,207 echinata, Stenotbyra 87,88 
corbis, Parreysia 178 elegans, Thiara 96 
cornucopia, Villorita 206,207 elegantulus, Gyraulus 158 
corrianus, Lamellidens 23,165,225,226, elitoralis, Taia 53 

229,230-232 ellisi, Pisidium 219 
cornea, Nerita 40 emarginata, Solenaia 175 
cornea, Tellina 211 ennurensis, Iravadia 70,71 
corona, Clithon 39 episcopalis, Brotia 109 
corrugata, Parreysia 23,179 erosa, Geloina 210 
costigera, Mysorella 84 euphraticus, Gyraulus 155 
costula, Brotia 108,226,228 Eupisidium 220 
costulata, Lymnaea 135 evezardi, Sataria 74,75 
crassa, Bellamya 48 exolescens, Trapezoideus 195,226,228 
crassicallosa, Taia 53 exustus, Indoplanorbis 140,142 
crassispiralis, Bellamya 47 fasciolata, Melanoides 103 
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Faunus 109 hiigeli, Sulcospira 107 
favidens, Parreysia 180,231 humilior, Lamellidens 167 
feae, Parreysia 182 hungerfordiana, Stenothyra 86,88 
feddeni, Parreysia 182 huttoni, Planorbis 153 
Ferrissia 136,137 hydaspico/a, Pisidium 215 
ferrugineus, Physunio 196 Hydrobia 91 
foliaceus, Unio 194,195 HYDROBllDAE 64 
fonesi, Solen 222 HYDROBllNAE 65 
fontanus, Hippeutis 146,149 Hydrobioides 78,80 
footei, Arcidopsis 169 hyptiocyclos, Gyraulus 158 
Fossarina 218 
foveolata, Stenotbyra 88 iJllpressa, Cyrena 210 
funerea, Iravadia 70,71 inlpura, LYlnnaea 129 

incrassatula, Pila 58 
Gabbia 72,73,75 indawgyiensis, LameUidens 166 
Gabbiella 76 indicum, Sphaerium 212,213 
galatheae, Cyrena 211 Indonaia 212,213 
Galba 131 Indoplanorbis 140-142 
Gangetia 85,91 Indopseudodon 172,173 
gangetica, Novaculina 223 Indopyrgus 65 
gaudichaudi, Parreysia 188 Inflata, Batissa 209 
Geloina 2,200,209 inflatus, Paludomus 114 
generosus, Lamellidens 165 inoscularis, Pseudodon 172 
gibbosula, Gangetia 92 intermedia, Lymnaea 133 
Glauconome 221 Illtha 146,147,148 
globosa, Pila 57,58,225,228 intha, Taia 53 
globulosa, Melania 110 in vol uta, Parreysia 189 
gowhattensis, Parreysia 183 Iravadia 70 
gracilior, Lymnaea 127 IRAVADllNAE 2,64,69 
gracilis, Pila 60 iravadica, Corbicula 203,205 
granifera, Thiara 101 iridineus, Solenaia 175 
gravelyi, Tricula 66,67 
gravidus, Unio 175 jenkinsianus, Lamellidens 166 
gregoriana, Tricula 67,68 jourdyi, Unio 170 
Gyraulus 141,143,153 

kashmirensis, Bithynia 74 
hehoensis, Lymnaea 131 kashmirensis, Lymnaea 135 
Helix 57,73,134,135,146,151 kashmirensis, Sphaerium 212,213 
Helicorbis 146,147,148 kennardi, Polypylis 151 
hemisphaerula, Segmentina 148,149 keraudreni, Polypylis 188 
hians, Lymnaea 127 khadakvaslaensis, Parreysia 190 
himalayanus, Gyraulus 158 kuiperi, Pisidium 217 
hirasei, Culmenella 145 krishnaea, Corbicula 203 
hispidus, Planorbis 153 
Hippeutis 141,146 labiatus, Gyraulus 155 
hobenackeri, Gyraulus 158 lacustris, Nautilus 149 
horae, Lymnaea 124,130,131 lacustris, Taia 54 
horae, Tricula 67,68 ladacensis, Gyraulus 156 
hookeri, Lymnaea 126,132 laevirostris, Parreysia 179 
houngdaranicus, Parreysia 183 laevis, Planorbis 156 
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lagotis, Lymnaea 
lamellatus, Lamellidens 
LameUidens 
laosensis, Margaritifera 
largi/lierti ~ Segmentina 
laticallosa, Lymnaea 
latior, Lymnaea 
layardi, Neripteron 
layardi, Pila 
lecythis, Cipangopaludina 
Lecythoconcha 
Lens 
lima, Parreysia 
Limnaea 
Jineata, Thiara 
lineatum, Camptoceras 
liratus~ Planorbis 
Lissoconchus 
LITTORINIDAE 
lobata, Miilleria 
loricatus, Paludomus 
luteola, Lymnaea 
Lymnaea 
LYMNAEIDAE 

Mainwaringia 
mainwaringi, Lamellidens 
major, Tricula 
malleata, Lymnaea 
mandiensis, Bellamya 
mandelayensis, Parreysia 
Margaritanopsis 
Margari tifera 
MARGARITIFERIDAE 
marginalis, Lamellidens 

martini, Tricula 
Inaura. Ampul/aria 
MELANATRllNAE 
Melanoides 
MELANOPSINAE 

125,135 
167 

23,162-164 
199 
149 

125,132 
130 

37 
57 
50 
49 

197 
190 
124 

24,101 
143-145 

157 
63 

23,62 
197 

117,121 
124,126,128 

124 
23,25,128 

95,106 
165 

68 
127 
46 

177,184 
199 
198 
198 

23,25,168,225, 
226,230,231 

68 
60 

93,106 
95,103 
93,109 

micron, Bellamya 
microchaetophora, Angulyagra 
micropteroides, Physunio 
miliacea, Gangetia 

44,49 
51 

196 
91 

124,130,134 
135 
58 

86,89 
195 

mimetica, Lymnaea 
minor, Lymnaea 
minor, Pita 
minima, Stenothyra 
misellus. Unio 
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mitchelli, Pisidium 
monilifera, Stenothyra 
Monocondylaea 
montana, Tricula 
montanum, Sphaerium 
MII/leria 
multidentatus, Unio 
Musculium 
Mya 
Mycetopus 
Inyitkyinae, Parreysia 
Mysorella 
MYSORELLINAE 
Mysoria 

nagarjuni, Scaphula 
nagpoorensis, Parreysia 
nana, Hydrobioides 
nana, Paludomus 
nana, Stenothyra 
nanus, Gyraulus 
narainporensis, Lamellidens 
nassa, Hydrobioides 
naticoides, Taia 
Nautilus 
Navicella 
Nematura 
Neopisidium 
Neosolen 
nepalensis, Bellamya 
Neripteron 
NERITIDAE 
Nerita 
Neritina 
Neritodryas 
neritoides, Paludomus 
nevilli, Potamopyrgus 
nevilliana, Pila 
nevillianum, Pisidium 
nigricans, Paludomus 
nitidus, Planorbis 
Nodularia 
noetlingi, Corbicula 
noetlingi, Taia 
nongyangensis, Lamellidens 
NovacuIina 
NOVACULININAE 
nuttaJIiana, Parreysia 
nux, Ampullaria 

obesa, Lamellidens 

220 
86 

172,174 
66,68 

212,214 
197,198 

176 
211 

179,198 
175 
177 

72,83 
72,73 

83 

159 
180 

81,82 
114 

86,89 
158 
165 

81,82 
52,54 

149 
85 
85 

217 
221 

47 
34,37 

13,23,32 
120 

2,33,34 
33.40 

121 
65 
59 

219 
119 
149 
162 
203 

S4 
165 

2,222 
222 
190 

61 

167 
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obesus, Paludomus 
obesula, Stenothyra' 
occata, Parreysia 
Odhneripisidium 
olea, Pila 
olivacea, Parreysia 
olivaria, Parreysia 
orcula, Gabbia 
orissaensis, Stenothyra 
ornata, Stenothyra 
ornatus, Paludomus 
ovalis, Lymnaea 
ovalior, Lymnaea 
Oxynaia 
oxytropis, Angulyagra 

pacbysoma, Parreysia 
pagodula, Melania 
Paludina 

115 
87 

191 
215 

59 
184 
191 
76 
89 

86,90 
115 
129 

126,129 
163,170 

51 

192 
107 

44,74,79,80 
110 

93,110 
306 
115 
156 

Paludomus 
PALUDOMINAE 
paludomoidea, Thiara 
palustris, Paludomus 
pankongensis, Gyraulus 
Parreysia 
PARREYSIINAE 
parvula, Paludomus 
Patella 

23,162,163,176 
175 
116 

patula, Lymnaea 
peddamunigaiensis, Melanoides 
peguensis, Pseudodon 
peninsularis, Corbicula 
perconvexa, Parreysia 
peregra, Lymnaea 
pernodulosa, Parreysia 
perottetiana, Neritina 

41 
127 
104 
173 
204 
184 
135 
177 

35,36 
persica, Lymnaea 
phenchooganjensis, Lamellidens 
Philopotamis 

126,133 
168 

111,118 
76,78 

126 
162,163,195 

25,27,61 
23,56 

160 
56 

211 
211,214 

23,25,140 
151 

physcus, Gabbia 
physcus, Lymnaea 
Physunio 
Pita 
PILIDAE 
pinna, Scaphula 
piscinalis, Valvata 
PISIDIIDAE 
Pisidium 
PLANORBIDAE 
PLANORBINAE 

Planorbis 
planorbis, Helix 
planorbis, Planorbis 
platyconcha, Neritina 
plicaria, Thiara 
plicata, Cristaria 
Polypylis 
porcellana, Septaria 
Potamopyrgus 
prashadi, Pisidium 
prashadi, Thiara 
princeps, Iravadia 
producta, Gabbia 
Pseudodon 

141,142,149,150,151 
151 
151 

38 
94,98,99 

230 
146,149 

42 
65 

217 

pseudohorae, Lymnaea 
Pseudomulleria 
Pseudosuccinea 
pugio, Oxynaia 
pulchella, Digoniostoma 
pulligera, Neritina 
punctata, Thiara 
pustulosa, Paludomus 
pyramis, Melania 

Quadrula 

Radiatula 
Radix 
rajahensis, Parreysia 
raoi, Melanoides 
regalis, Paludomus 
regulata, Paludomus 
reticularis, Clithon 
reti/era, Neritina 
reticulata, Paludomus 
riqueti, Thiara 
rivalis, Tanysiphon 
rivularis, Ancylus 
robsoni, Pila 
rotula, Gyraulus 
rotunda, Paludomus 
rotundatus, Planorbis 
rotungensis, Paludomus 
rubiginosa, Lymnaea 
rudis, Thiara 
rufescens, Lymnaea 

saigollellsis. Planorbis 
saltensis, Gyraulus 
salwenianus, Pseudodon 

103 
70,71 

77 
162,163,171,172 

127 
198 
126 
170 

79,80 
34 
98 

116 
103 

176 

162,176,187 
133 
185 
lOS 
119 

116,118 
39,40 

40 
117 
102 
221 
137 

57 
157 
117 
152 
112 
134 
97 

127,134 

154,158 
157 
174 
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Sataria 72,74 Stomatodon 111,122 
saxea, Turbinicola 61 stomatodon, Paludomus 122 
Scabies 193 striatella, Corbiculla 204 
scabra, Thiara 24,94,96 Strombus 109 
Scaphula 2,159 subangulata, Gangetia 91,92 
SEGMENTININAE 145 subclathratus, Unio 195 
Segmentina 141,146,149,151 sublamellata, Lamellidens 169 
scobina, Unio 193 subnitens, Corbicula 205 
scobinatus, Unio 193 subradiata, Corbicula 205 
scutata, Pila 57,58,59 subspinata, Brotia 108 
scutum, Lamellidens 168,169 subspinosa, Brotia 108 
semigranosa, Tarebia 101 subspinosum, Calnptoceras 143,144,145 
semilaevigata, Brotia 108 subsulcata, Neritodryas 40 
Septaria 2,5,33,41 subtuberculata, Brotia 108 
Sermyla 95,102 succinea, Lymnaea 129 
shanensis, Lymnaea 126,131 sulcatus, Paludomus 118,120 
shanensis, Taia 52,54 SUlcospira 107 
shurtleffiana, Parreysia 192 superstes, Lymnaea 131 
siamensis, Lymnaea 129 swinhoei, Lymnaea 134 
siamensis, Unio 195 syhadrensis, Cremnoconchus 53 
sikkimensis, Parreysia 185,226,229 sylhetica, Corbicula 205 
siliguriensis, Unio 190 
similis, Batissa 209 Taia 43,52 
simulans, Lymnaea 133 taia, Segmentina 149,150 
Sinonovacula 222 Tanalia 111,120 
sinuosa, Cyrena 210 tangitarensis, Planorbis 152 
sistanica, Amnicola 75 tanjoriensis, Paludomus 118 
sivalensis, Gyraulus 158 tanschauricus, Paludomus 118 
smaragdites, Parreysia 185 Tanysiphon 2,220 
smithi, Neritina 35,36 tavoyensis, Parreysia 186 
SOLECURTIDAE 222 taylori, Tricula 67,69 
Solen 222 Tel/ina 200,211,214 
Solenaia 163,171,175 tenebrosa, Cyrena 208 
soleniformis, Solenaia 175,226,229 tentaculata, Bithynia 74 
solida, Corbicula 204 tenuis, Ferrissia 137,138 
solidus, Paludomus 121 terebra, Camptoceras 143,144 
soluta, Stenothyra 86,90 textum, Digoniostoma 79,80 
SPHAERIIDAE 23,211 theobaldi, Parreysia 192 
Sphaerium 211 theobaldi, Pila 57,60 
stagnalis, LYlnnaea 124,125,135 theobaldi, Taia 52,55 
Stagnicola 136 Theodoxis 36 
stelzneri, Gyraulus 158 Theodoxus 40 
Stenomelania 95,98 Thiara 2,94 
Stenothyra 85 THIARIDAE 5,23,92 
STENOTHYRIDAE 2,84 THIARINAE 93 
stenothyroides, Gabbia 76,77 tibetensis, Corbicula 206 
stephanus, Paludomus 117 tigrina, Melanoides 104,105 
stewarti, Pisidium 217 tonapii, Lymnaea 127 
stoliczkana, Valvata 56 tornatella, Melania 102 
stoliczkanum, Pisidium 220 torulosa, Thiara 92,94,98,100 
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Trapezoideus 163,194 variala, Paludina 48 
travancorica, Gabbia 76,78 velaris, Physunio 197 
triembolus, Parreysia 186 velifer, Gyraulus 158 
tribeniensis, Corbicula 202 Velunio 196 
Tricula 66 Venus 210 
TRICULINAE 64,65 verruca, Ferrissia 137,138,139 
Trigonodon 172 viola, Ferrissia 137,139 
trochoidea, Segmentina 149,150,151 violacea, Neritina 37 
Trochorbis 151 Villorita 2,200,206 
troscheli, Bithynia 74 virens, Pila 57,59,60 
Tropidiscus 152 viridula, Parreysia 182 
truncatula, Lymnaea 125,133 Vittina 34,35 
tuberculata, Thiara 24,94,103 Vivipara 49,51,52 
tungabhadraensis, Stagnicoia 125,136 VIVIP ARlDAE 13,23,42 
Turbinicola 57,61 VMPARINAE 43 
turbinicola, Lymnaea 133 Viviparus 44 
turrita, Hydrobioides 80,81,83 vondembuschiana, Pseudodon 172 
turrita, Neritina 35,36 

woodmasoniana, Stenothyra 86,90 
umbilicalis, Hippeutis 148 wynegungaensis, Parreysia 180 
UNIONIDAE 23,161 woodthorpi, Margaritanopsis 199 
UNIONINAE 162 
Unio 162,164,169,174 yarkandense, Pisidium 218,220 

Valvata 24,55 zayleymanensis. Trapezoideus 195 
VALVATIDAE 55 zeylanica, Cyrena 207 
variabi!is, Melania 103 zonata, Lamellidens 169 
variegata, Neritina 35 zugmayeri. Pisidium 218 


