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FOREWORD

Taxonomical study is the corner stone at the Zoological Survey of India. One of its primary
objectives is to survey, identify and prepare an inventory of faunal diversity in India. During this
process it has built up strong capabilities in several groups. Mollusca is one such group. Since its
inception in 1916 the Survey has assiduously cultivated a rich tradition in the field of malacology.

Agenda 21 of Convention on.Biodiversity stresses the need for conservation of marine coastal
habitats. Marine biomes have become priority areas for conservation. Zoological Survey of India has
been focussing its attention on biodiversity and it is in the process of strengthening marine research
in the country. The large coastline and the vast Exclusive Economic Zone of India offer ideal habitats
for molluscs. They commonly occur in all the four major coral reef areas and rocky coasts of India.
Molluscs constitute about 30 percent of marine faunal diversity in India. There is a need to develop a
good taxonomic database on marine biodiversity. It isGften heard that lack of readily available literature
discourages a student to opt for Taxonomy. I am glad that ZSI is partly fulfilling one of its primary
objectives by publishing this book on Indian Seashells. A ready reference book like this, I hope,
would catalyze the study of molluscs in India.

Mollusa is too large a phylum to deal with in one single volume. The present volume, therefore, is
devoted to only two classes namely, Polyplacophora and Gastropoda. These together account for 20
percent of faunal species estimated to occur in the marine ecosystems of India. About 530 species
belonging to 80 families are dealt in this book. This is the first book of its kind on Indian molluscs.

The author of this book is a well-known malacologist with four decades of research background in
molluscs. He had already contributed a volume on Freshwater Molluscs of India. The present book
will go a long way in meeting the demand in India and abroad for an authentic taxonomic study on
marine molluscs of India. | hope and believe that this book, Indian Seashells 1. Polyplacophora and
Gastropoda, will serve as a valuable reference book for students of Indian universities and all those
interested in the study of molluscs.

Dr. J. R. B. Alfred
Director
Zoological Survey of India



PREFACE

The phylum Mollusca is very large consisting of thousands of species commonly known as shells.
This numerically abundant and common biota of seas around India has not received any special
treatment and no single comprehensive volume is available on marine molluscs of India. There are
however, a few publications on the regional molluscs, especially of southeast coast of India that deal
with only a few species. At the current level of interest in marine biodiversity there is a need for a ready
reference book on Mollusca. This prompted the author to undertake the task of preparing a volume on
marine molluscs of India. Initially it was contemplated to deal with some common marine molluscsin a
single volume. Since the utility of such a book will be very much limited, it was subsequently planned
to include as many species as possible to help a serious’ worker in identifying his or her collections.
But as the work progressed it was seen that it would not be possible to do justice for all classes of
Mollusca in a single volume. It was therefore decided to deal with two classes namely, Polyplacophora
(Chitons) and Gastropoda (Snails and Slugs) in this volume. There are several species reported from
India whose identity has to be confirmed to make the list up to date. In many cases it became a time
consuming exercise, as there are no revisionary studies on Indian molluscs.

The first two chapters provide general background information on the phylum Mollusca such as
classification, general organization, abundance, distribution, size and diversity. The values of molluscan
diversity are explained bringing out their importance as objects of aesthetic, commercial, food and
biomedical nature and role in marine biodeterioration. The references at the end of the chapter would
provide additional information and help in further research. Thus the format of the book has been so
devised to facilitate both a beginner and also a serious worker with some knowledge of Mollusca.

Chapter 3 deals with the Systematic Account of Polyplacophora and Gastropoda consisting of as
many as 530 species belonging to 80 families. Under each Class and Family and some subfamilies
important diagnostic characters are given. Each species is described giving salient shell characters
and also illustrated so as to facilitate easy identification. Based on the collections available and also
literature recards, distribution of each species in India and elsewhere given. When a species is known
to occur at many localities only the name of state is mentioned. Wherever possible additional information
on the status, habitat etc. of the species are indicated. At the end of some families a few important
references are cited.

Although all the references are not available to the author, a selected bibliography is given containing
references on marine molluscs of India and also revisionary works of Indo-Pacific molluscs which also
reflect the past and current level of interest in molluscs of India.

In accordance with the objective of this book to give a over-view of Indian sea shells, in addition
to common molluscs, a few of the families, which are less known from India, such as
Dialidae,Pyramidellidae, Turridae etc. are also dealt with. As far as possible names of several species
reported from India are up-dated. Some species are reported herein for the first time from India.
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1. GENERAL INTRODUCTION

The phylum Mollusca cannot be easily defined or comprehended on the basis of a single
character, since there is no such easily observable character that finds expression in all the
molluscs. The phylum includes an apparently heterogeneous assemblage of organisms (Fig. 1).
An oyster looks strikingly different in structure from a squid or from a snail or slug. But all
the molluscs are built on a basic organisational plan. A mollusc has to be recognised on the
basis of a combination of traits or characters. Majority of the molluscs can be recognised by
the shell.

The phylogeny of Mollusca has been a subject of controversy. Molluscs have been
considered as derived from Platyhelminthes (Morton and Yonge 1963). Lemche (1961)
considered Mollusca as a rather primitive group to be placed immediately above the Coelenterata
(= Cnidaria). From molluscan-like ancestors Annelida and Arthropoda have evolved
independently. According to Russell-Hunter (1968), Mollusca were directly derived from
Turbellaria-like animal and had no connection with stock or stocks that gave to the annelid-
arthropod phyla.

Comparative anatomical and embryological evidences suggest phylogenetic interrelationships
among flatworms, molluscs, annelids and arthropods. Fossil record draws a blank as far as their
interrelationships are concerned. Soft-bodied flat worms did not occur in the fossil state. Annelids
were represented by a few fossils in the Precambrian period, during which no fossils of other
groups were represented. The major classes of molluscs were already distinct by the Cambrian
period, when the molluscan fossils were known. It is therefore inferred that the ancestral mollusc
might had occurred in Precambrian period. This led some malacologists to conceptualize artificial
and ancestral molluscan model or archetype. Each of the several molluscan traits as we know
them to-day are combined into this archetype. The reconstruction of molluscan evolution and
phylogeny has been an intellectual exercise.

Of all the invertebrate phyla, there is a striking similarity between Annelida and Mollusca.
Both exhibit spiral cleavage and identical trochophore larvae. The discovery of a living
monoplacophoran, Neopilina, in 1952, added further points in support of annelid mollusc
relationship. Neopilina displays an apparent metameric plan of structure in the replication of its
parts. This prompted some to propose that mollusc arose from annelids.

Many zoologists are of the opinion that annelids and molluscs arose from a free-living flat
worm-nemertine stock (Vagvolgyi, 1967; Harry, 1969; Stasek, 1972). Their ancestor, which
might have looked like a small, ciliated vermiform organism had a through gut, a trochophore-
like larva and pseudometamerism. The last mentioned character had got regularized in annelids,
which developed more harmonious metamerism as an adaptation to the burrowing habit.
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Fig. 1. Represcntatives of different classes of Mollusca.
1. Chactoderma, 2 & 3. Ncomenia—Aplacophora, 4. Ncopilinia-Monoplacophora, 5. Chiton-Polyplacophora,
6. Gastrododa, Pr. Proboscis, F. Foot, 7. Dentalium, A. Anterior, P. Posterior, V. Ventral, D. Drosal-Scaphopoda,
8. Bivalve, F. Foot, S. Siphon, 9. Squid, 10. Octopus-Ccphalopoda.
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The molluscs, however, exhibit pseudometamerism in some primitive forms, e.g. mono-
placophorans and chitons but abandoned this tendency to metamerism in other classes. The two
groups diverged from the common ancestor prior to the pronouncement of either molluscan or
annelidan characters. Just as in the Turbellaria, molluscan foot exhibits backwardly directed
waves during its locomotion. It is suggested that this rhythmic contraction of the flatworm
became confined to the ventral surface of a mollusc and the dorsal parts became visceralised
covered by a mantle and shell.

The theory proposed by Lang in as early as 1896, and developed recently by Stasek (1972)
unfolds the molluscan framework in four stages; ancestral form, transitional turbellariform stage,
transitional molluscan stage, and advanced molluscan stage.

The ancestral form was an inhabitant of the Precambrian period. It crawled about on the
rocks or other hard substrate of oceans. It had a complete gut and had the ability to secrete
abundant mucus, which acted as a protective cover and also as a smooth locomotory track.

In the transitional turbellariform stage, a radula and cuticle had developed. Once the skin
got thickened with cuticle a ciliary respiratory mechanism had been innovated. To supply blood,
a haemocoel consisting of sinuses and a dorsal heart with pericardium had come into being, the
last one by modification and enlargement of the gonoducts.

The transitional molluscan stage had gills contained in an incipient mantle cavity underlying
the edges of the mantle. In the advanced molluscan stage, the shell in the form of a calcified
cuticle has developed dorsally; gills became pedal retractors.

Thus according to Stasek (1972) secretion of a cuticle over the dorsal body surface together
with an increase in size had brought in its evolution the broad distinguishing features of the
phylum Mollusca.

1.1 Classification

Linnaeus (1758) adopted the name, Mollusca, a term which was in fact proposed by Johnston
(1650), but without developing any real concept of the phylum. Cuvier (1795) had shown better
understanding of the group, and his concept ‘approximates to modern ideas’ (see Hyman, 1967
for full references). In the beginning several other groups such as barnacles, brachiopods and
other shelled forms were classified together with the molluscs.

Pelseneer (1906) classified phylum Mollusca into five classes, namely Amphineura,
Gastropoda, Scaphopoda, Lamellibranchia (Pelecypoda) and Cephalopoda. The present day
classification is only a slight deviation and it had further split the class Amphineura.

Naef (1926) divided Mollusca into two subphyla, namely Amphineura and Conchifera, the
former including Aplacophora and Polyplacophora and the latter all the other classes. At present
three subphyla namely Aculifera, Placophora and Conchifera are recognised. Although there is
some consensus with regards to subphyletic division there is still a difference of opinion on the
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status of some classes and their division into orders. Salvini- Plawen (1969), who contributed
much to the knowledge on primitive molluscs, treated Solenogastres (=Neomeniamorpha)
and Caudofoveata (=Chaetodermamorpha) as two distinct classes since the two have
evolved independently. But Scheltema (1978) and Ivanov (1981) are in favour of giving these
two the status of subclasses under the class Aplacophora, as they had closely linked origin
and the variation seen in their body plan is not sufficient enough to elevate them to the level
of classes.

Based on the respiratory organs Milne Edwards (1848) divided the class Gastropoda into
Prosobranchia, Opisthobranchia and Pulmonata that have been accepted traditionally. The one
that was proposed by Spengel (1881) stressed the importance of the nervous system. He divided
Gastropoda into Streptoneura and Euthyneura, which has been discontinued now. The
euthyneurous condition of the nervous system has been attained in different ways in
opisthobranchs and pulmonates. In the former it has been due to detorsion and in the latter it is
the result of concentration of the anterior loop of the figure 8 into the head region. This single
ring that innervated the visceral mass is in effect the posterior loop of the figure 8. Hence many
malacologists have not favoured the division based on nervous system. Recently Bieler (1992)
made an excellent review of the gastropod phylogeny and concluded ‘any attempt to present the
classification of Gastropoda at this point would be premature’

The two classes Scaphopoda and Cephalopoda are not subjected to many changes. Three
names namely, Bivalvia, Lamellibranchia and Pelecypoda have been used for the other major
class of Mollusca. The term Bivalvia was first used by Linnaeus in the 13" edition of Systema
Naturae. 1t was later adopted by Hass (1929) and accepted by Newell (1969). The old term
Lamellibranchia is now used to designate a subclass.

According to many malacologists Mollusca is divided into two subphyla, Aculifera and
Conchifera, the former is primitive and includes Polyplacophora and Aplacophora. They have
diverged much earlier in the molluscan evolution. The Conchifera includes Gastropoda, Bivalvia,
Scaphopoda and Cephalopoda and have probably arisen from Monoplacophora (Runnegar and
Pojeta, 1974; Yochelson, 1978).

Stasek (1972) proposed three separate lines of evolution within the phylum and distinguished
three subphyla. One line i.e. Aculifera included Aplacophora, which is closest to the stem group
and gave rise to Solenogastres and Caudofoveata. The second line includes Placophora
represented by a single class Polyplacophora. It has all the salient features of the molluscan
framework. The third line is that of Conchifera which includes three successful stocks of the
phylum, namely the Gastropoda, Bivalvia and Cephalopoda. Of the other two classes, only
Scaphopoda shows some signs of advancement while Monoplacophora is considered to be
nearer to the origin of this line.
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Following Seed (1983), the classification of phylum Mollusca is given below :
Phylum MOLLUSCA Cuvier, 1795

Subphylum ACULIFERA Hatschek, 1891
Class 1. APLACOPHORA von Jhering, 1876

Subphylum PLACOPHORA von Jhering, 1876
Class 2. POLYPLACOPHORA de Blainville, 1816

Subphylum CONCHIFERA Gegenbaur, 1878
Class 3. MONOPLACOPHORA Wenz, 1940
Class 4. GASTROPODA Cuvier, 1795
Class 5. BIVALVIA Linnaeus, 1758
Class 6. SCAPHOPODA Bronn, 1862
Class 7. CEPHALOPODA Cuvier, 1795

The relationship of classes within the phylum Mollusca is a subject of divergent opinions.
Based on the embryology and evolution of shell the Cephalopoda were considered by some to
have evolved independently from Coelenterata. Bivalves, scaphopods and gastropods have
retained tetracyclomeric symmetry as in cephalopods. But it does not seem possible to derive
bivalves from gastropods or vice versa (Lemche, 1961).

Scaphopods and bivalves have some similarity in their shells and also in not possessing a
distinct head (Seed, 1983). In the early gastropods there was a planospiral shell, which was also
found in primitive cephalopods. Both the groups have a distinct and well-developed head. From
the parasitological point of view or rather from a ‘flukes’ eye view, Wright (1971) suggests
close relationship among Gastropoda, Scaphopoda and Bivalvia and separates Cephalopoda
from these.

According to Harry (1969) a prochiton stock gave rise to the Polyplacophora, which in true
were ancestors to the Aplacophora. All other molluscs arose through a separate line, the
Proconchifera. Monoplacophora is the earliest derivative of this branch. Proconchifera further
gave rise to a group called Mesoconchifera, which in its turn gave rise to Probivalvia and
Metaconchifera. The former gave rise to Bivalvia and Scaphopoda, and from the latter arose
separately Gastropoda and Cephalopoda. The last mentioned two classes only have median
dorsal mantle cavity. It is believed that the character has been derived from a remote promollusc.

1.2 General Organisation and Function

A mollusc has a soft unsegmented body with a slender slippery skin protected usually by a
calcareous shell of different shapes and colours. The molluscan body is divisible into head,
foot, and a dorsal hump-like visceral region covered by a shield-like mantle. The head and foot
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are so combined that together it is known as head-foot region. Majority of the species can be
identified on the basis of shell characters. But this typical shell may be absent in many forms.
The shell which usually is external may be univalve (gastropods and scaphopods) or with two
valves (bivalves) or eight valves or plates (chitons). In some gastropods and cephalopods
excepting Nautiloidea, the shell is internal. General form and functions of the molluscan body
are given below.

1.2.1 Molluscan Skin and Subdermal Tissues : The skin is composed of epithelium, which
harbours ciliated columnar cells and goblet cells. The distribution and shape of the epithelial
cells vary depending on the region of the body.

Dermal secretions, which consist of mucus, are important physiological phenomena of the
mollusc. The nature of these secretions that are secreted by the goblet cells is dependent on the
part of the body from where these originate. The secretions of body surface and mantle contain
fluorescent substances, which are absent in the foot-sole mucus of pulmonates. The mucus
secreting cells whose secretions act as repellents and protect the mollusc are abundant in the
foot-sole region of gastropods. The periphery of foot and mantle contain glandular cells whose
secretions act as repellants and protect the mollusc predators or pathogens such as miracidia,
especially in the freshwater.

1.2.2 Mantle and Shell : These are the two important structures that distinguish Mollusca
from all other phyla. The major function of mantle is to secrete a protective shell. The mantle
encloses a cavity, known as mantle cavity, which is primarily a respiratory chamber. Within the
mantle cavity are situated the ctenidium, osphradium, and the hypobranchial or mucus gland.
Excreta from the anus or renal opening are discharged into it. It also houses the female genital
organ. The mantle cavity thus serves for respiration, excretion, defecation and reproduction.

In terrestrial molluscs (pulmonates and some prosobranchs) the gills are absent and the
mantle cavity with a rich supply of blood vessels serves as a lung. The mantle cavity is lined
with ciliated epidermal cells that create currents by their movements. These ciliary currents
assist in the oxygenation of water reaching ctenidia and in the removal of waste products. In
sedentary gastropods and bivalves, collection of food is done through ciliary filter feeding
mechanism.

The mantle edge bears three folds, namely the outer, middle and inner. The outer fold is
involved in the secretion of the shell. The inner surface of the outer fold secretes the periostracum,
whereas its outer surface secretes the outer calcareous layer. The inner calcareous layer is secreted
by the entire mantle surface.

The shell is an important character of a mollusk and useful in the identification of species. It
is thick or thin, heavy or light, opaque or translucent, usually colourful and ornamented with

different types of sculpture. The sculpture may consist of spines, scales, varices, ridges, ribs,
grooves, pits or threads.
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Fig. 2. Some shell shapes in gastropods.

1. Haliotid shape; 2. Patelliform or limpct like; 3. Trochiform: 4. Conic-biconical; 5. Conic-obconic;
6. Sphaerical; 7. Turbiniform; 8. Turrcted; 9. Solute-uncoiled shell; 10. IF'usiform; 11. Cypracoid and
12. Bulloid.
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The shell has many conceivable shapes, spherical, cone, limpet-like, turretiform, turbiniform
bulloid etc (Fig. 2). A shell may have successive turns, which are called whorls. The largest or
the last formed is the body whorl. All other whorls together constitute the spire. The top of the
spire is the apex and consists of a few nuclear whorls. The number of whorls may vary from a
few as in neretids to many as in Terebra and may decrease gradually or abruptly. Periphery of
the whorl may be rounded, angular or keeled. The line where one whorl meets with the other is
the suture, which may be indistinct, shallow or deep.

In many molluscs the shell possesses a covering known as periostracum, which often peels
off when dried exposing the colour pattern of the shell. In some molluscs such as olives, cowries,
naticids the shell does not have a periostracum and when alive the shell is covered by the mantle
folds.

Two types of spiral coiling are seen in gastropod molluscs. When a shell is held in hand with
the apex pointing above the aperture facing the observer will be on the right hand side in a
dextral form, and it will be on the left in a sinistral form. The latter are of rare occurrence in
Indian gastropods.

The opening at the anterior end of the body whorl is the aperture. It has an inner lip and an
outer lip farthest from the imaginary axis of the shell. Sometimes the columella bears a deposit
known as columellar callus. The central axis of the shell opens through a small depression, or
opening near the columella. It is known as the umbilicus and shell with an umbilicus is described
as perforate and without it is imperforate. In some, the aperture may have a small canal at the
posterior end and a broad canal at the anterior end. The former is known as posterior or anal
canal and the latter anterior siphonal or siphonal canal.

Gastropods are broadly classified as operculates and non-operculates based on the
presence or absence of operculum respectively. In the majority of prosobranchs operculum
is present, attached to the foot. The operculum may be corneous or calcareous. On the inner
surface in some, it has peg-like projection known as apophysis for firmly inserting into the
muscle. The outer surface has a few increasing whorls and varies from smooth to granular.
It is useful as an additional character in the taxonomic identification of certain families,
genera and species (fig.3). Based on the nature of whorls it is described as paucispiral or
multispiral.

The molluscan shell consists of three layers, namely an outer most organic and uncalcified
structure known as periostracum, a middle calcareous layer and the innermost nacreous or mother-
of pearl layer. The periostracum is composed of a number of layers, which are more in freshwater
gastropods than in the marine species. The second layer is the main structure of the shell and it
is usually composed of calcium carbonate crystals. The innermost nacreous layer, found in
several families of molluscs, is unique to this group. The calcareous layer may consist of entirely
aragonite or calcite crystals. These crystals are like bricks, which are united by the conchiolin
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Fig. 3. Types of opercula.

1. Multispiral with a central nucleus; 2. Paucispiral with subcentral nucleus: 2. Coralliophila with marginal nucleus,
4. with apical nucleus; 5. Geniculate type: Fascioloria 6. Strombus lentigenous: 7. Stronsbus gibberulus; 8. Strombus listeri;
9. Nerita—outer and inner views. ap : apophysis and 10. Chicoreus, muricid—outcr and inner views.
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matrices, which correspond to concrete. The organic components of nacreous conchiolin consist
of a linear network of extremely thin intcr-lamellar sheets held together by transverse bridges.
The nacreous conchiolin matrices vary in their structures in different groups. These structural
patterns were statistically characteristic at the level of class.

Hitherto molluscan shell is considered to consist of three layers as mentioned above, but
recently a calcareous layer (mosaicostracum) was discovered between the periostracum and
outer calcarcous layer. Ultra structure of the mosaicostracum is a potential tool for specific
identification and for the study of evolution.

1.2.3 Digestive system : The digestive system converts food into a physical and chemical
state suitable for proper absorption and utilisation by the numerous cells of the body. It includes
the mouth, buccal cavity, oesophagus, stomach, digestive gland and intestine. Externally the
mouth is surrounded by horny ‘lips” and ‘jaw’ in gastropods. a pair of fleshy palps in bivalves,
and hard mandibles in cephalopods.

The buccal cavity contains two important structures, odontophore and radula. The latter is a
ribbon-like structure bearing a number of tecth. It scrapes the food from the substratum or cuts
down solid objects into finer particles to facilitate their easy handling by the system. The radula
is moved by the muscles of the buccal mass, which are supplied with haemoglobin. It is present
in all molluscs except in Bivalvia. Typically, a radula consists of several transverse rows of
teeth arranged in a longitudinal series. Each row consists of a central tooth also called rachidian,
flanked on either side by laterals, and marginals. In the pimitive gastropods there are numerous
marginals. Primitive gastropods have rhipidoglossate radula with one central tooth, five laterals
and numerous marginals. In majority of prosobranchs the radula is taenioglossate with one
central, one lateral and two, three or no marginals. Highly specialized neogastropods possess a
stenoglossate radula with one central and one lateral on either side. The number, shape, size and
position of the teeth and cusps on different teeth are important characters for identification of
genera and species. Depending on the food habit of the snail the radular teeth are modified. The
following are different types of radula (Fig. 4) found in gastropods :

Rhipidoglossate (L-5-1-5-L). one central or rachidian, five laterals and numerous marginals
on either side. Found in most of the archacogastropod families, like Haliotidae, Neritidae ( L-4-
1-4-L), Trochidae, Turbinidae etc.

Docoglossate (3-1-4-1-3) or (2-0-1-0-2) Multiple central, one lateral and three marginals.
Patellidae, Lepetidae (2-0-1-0-2), Acmacidae (2-1-0-1-2).

Tacnioglossate (2-1-1-1-2). One Central, with one lateral and two marginals on either side.
Almost all the Mesogastropod families, Littorinidae, Potamididae, Cypraeidae, Tonnidae, Ficidae,
Cymatiidac, Bursidae etc.
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Fig. 4. Diffcrent types of Radula.

A. Docoglossate, B. Taenioglossate, C. Ptenoglossate. D. Rachiglossate, . Toxoglossate, I°. Toxoglossate-
Muricid, G. Toxoglossate-Conidac.
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Modified taenioglossate with the formula 0-2-1-2-0 occurs in Architectonicidae.
Ptenoglossate: No central, lateral and marginals not distinguishable. Epitoniidae, Janthinidae.

Stenoglossate: (1-1-1). One central and a lateral on either side. Majority of the Neogastropod
families Muricidae, Buccinidae, Melongenidae, Olividae, Harpidae etc. In Columbellidae, Central
teeth may be absent (1-0-1), in Marginellidae and Cancellariidae only central present (0-1-0)

Rachiglossate has the same formula as stenoglossate (1-1-1) but the lateral elongate bearing
numerous denticles.

Toxoglossate (1-0-1). Central absent or sometimes present, marginal teeth modified and
harpoonlike. Conidae, Turridae and Terebridae

There is a pair of salivary glands opening into the dorsal surface of the buccal cavity. The
secretions from the salivary glands serve as lubricants for the radula in its movement. The
mucus secretions from these glands contain proteolytic enzymes and amylases. The mucus
entangles the food particles, which form into strings. These strings of food pass from the buccal
cavity into a tubular oesophagus, from where they move into the stomach.

The stomach is an important and complex organ in the digestive system of a mollusc. It is
the site of extracellular digestion and into this open the digestive gland and intestine. The stomach
consists of a style sac, which secretes a rod-like structure known as style. This crystalline style
is present in some gastropods and bivalves. The style rubs against the thickened gastric shield
of the stomach and breaks down in bits releasing various enzymes into the stomach. These
include amylases. some times glycogenases and oxidases. In many herbivorous gastropods,
especially basommatophoran snails, the anterior part of the stomach is modified as crop or
gizzard and contains sand grains to assist in the grinding of food particles.

The digestive gland forms a major part of the animal. It receives food particles from the
stomach. The digestion in the gland may be cither intra or extracellular or a combination of
both. Extracellular digestion is highly developed in the carnivorous prosobranchs. Undigested
food passes from the digestive gland back into the stomach and thence into the intestine. In
molluscs the intestine has no major absorptive function. It helps in rolling the faecal matter into
pellets of chains.

1.2.4 Circulatory System : The vascular system may be open as in majority of molluscs or
closed as in cephalopods. The closed system has capillaries connecting the arterial and venous
systems, whereas open system has sinuses to transport blood.

Primitive gastropods have retained two auricles and the circulatory plan of the ancestral
mollusc. In all other gastropods the right auricle is either vestigial or totally absent. Bivalves
have two auricles enclosing a median ventricle. Gastropods also possess an auricle and a single
ventricle. After vertebrates, Cephalopoda is the only class to possess a fully enclosed high-
pressure blood system, consisting of well-established arterial and venous systems. The blood is
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carried to all parts of the body by a single aorta, arising from the ventricle, dividing into an
anterior and posterior artery. In many gastropods and bivalves there are two aortae namely
posterior and anterior, the former supplying the visceral mass and the latter head and foot.

1.2.5 Reproductive System and Breeding : The sexes are separate in all the three minor
classes, also in Scaphopoda, Cephalopoda, in majority of the bivalves, and in higher prosobranch
gastropods. Only in certain gastropods and bivalves one species may be dioecious while its
related species may be hermaphroditic. Archacogastropods, among prosobranchs and
opisthobranchs are protandric hermaphrodites, while pulmonates are simultaneous
hermaphrodites. A few freshwater prosobranchs, i.e. thiarids are parthenogenic.

In many hermaphroditic species, mainly in the opisthobranch and pulmonate gastropods
and in the bivalves, the change of sex is a general rule. Hermaphroditism is supposed to have
arisen due to influence of ecological factors, and species that encounter difficulties for their
reproductive activity, such as land molluscs, have developed hermaphroditism. In hermaphrodites
the male and female gametes are produced either in-separate follicles or from different areas of
the same follicle. There is a common hermaphroditic duct, which divides into a separate sperm
duct, and an oviduct for discharging out the male and female gametes respectively.

In the primitive archaeogastropods the gametes pass from the gonad through the genital duct
into the right nephridium and finally into the mantle cavity. The genital duct consists of two
parts, the gonoduct proper and the right nephridium. The fertilization is external and there is no
need for copulatory organ. In all the other gastropods the right nephridium has degenerated
leaving only the part that function as a gonoduct. It consists of the nephridial part of the gonoduct,
the gonoduct proper and the pallial duct. The pallial part of the gonoduct is modified to store
sperm and to secrete the egg membrane. A copulatory organ had developed to transfer the
sperm into the female. The pulmonates and opisthobranchs have complex reproductive systems,
which exhibit a number of variations. In these two subclasses details of reproductive system,
including the structure of penis, are important in the systematics.

Many of the molluscs lay eggs and some like cowries even tend them after laying. Eggs
hatch and release free-swimming larvae that can survive for long periods and swim long distances.
Two types of larvae are seen in gastropod development, namely trochophore in primitive
gastropods and veliger in others. A free-swimming larva is absent in some marine prosobranchs,
such as neogastropods and in almost all pulmonates, where a tiny snail emerges out of the egg
at the time of hatching.

1.3. Abundance and Distribution

Estimates of the number of molluscan species vary between 80,000 and 1,00,000. This figure
is purely provisional as taxonomy of many families of molluscs is still in a confused state. It is
well known that there are ‘lumpers’ and ‘splitters’ among taxonomists and depending on their
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approach the numbers of species may decrease or increase as the case may be. Some times
revisionary studies of families may also bring down the number of species in the changed
species concept. For example in a recent revision of a freshwater family Lymnaeidae by
Hubendick the number of species have been reduced from 1000 to 40.

Estimates of species vary from 35,000 (Boss, 1982) to 100,000 (Goetting, 1974) in gastropods,
15,000 (or 20,000) of bivalves, 600 cephalopods, 300 scaphopods and 635 species of other
classes (Polyplacophora 500, Aplacophora 130 and Monoplacophora 5). Although molluscs
occur in all possible habitats excepting aerial, these are abundant in the marine environment,
which account for more than half of the known species. Of the seven recognised classes five,
namely Aplacophora, Polyplacophora, Monoplacophora, Scaphopoda and Cephalopoda are
exclusively marine. The two large classes viz. Gastropoda and Bivalvia are the most successful
in adapting to different marine and freshwater habitats and include 94 per cent of the species of
molluscs. The former has successfully colonised terrestrial habitats, whereas the latter could not
overcome their filter feeding habit and hence had not been able to invade land.

Molluscs constitute an important component of marine biodiversity of India on the East and
West Coasts and the islands of Lakshadweep and Andaman and Nicobar. Some important
localities from where sampling was made are shown in Fig. 5. Five major classes, namely
Polyplacophora. Gastropoda. Scaphopoda, Bivalvia and Cephalopoda are represented in India.
Against a total of about 586 families in the world, an estimated 279 families occur in the Indian
region (Subba Rao, 1998). These include 5042 species in all of which 3271 are marine, 1487
arc land and 284 are frcshwater. The estimates of land and freshwater species are based on the
actual data, since these have been systematically well worked out. But the same cannot be said
about the marine molluscs of which our knowledge is far from satisfactory.

Molluscs are found in various habitats (Fig. 6) from the deep sea (3600 m) off Andaman and
Nicobar Islands to higher elevations (about 5000 m) in the Himalaya Mountains. But these are
found in abundance in the rocky intertidal zone along mainland coast and in the coral reef
ccosystem of Gulf of Mannar, Gulf of Kachchh, Andaman and Nicobar Islands and Lakshadweep.
In comparison, sandy coasts support less molluscan fauna that include mostly burrowing and
interstitial forms.

Marine molluscs are numerically abundant as individuals and as species. Majority of the
known species are from the littoral region and search in the offshore and deep waters may
reward one with new rccords and new species.

1.4. Size and Diversity

World size records of shelled molluscs are available in Wagner and Abbott’s Standard Catalog
of Shells. As far as the Indian molluscs are concerned no authentic records are maintained on
the smallest or largest shell of India. However, based on the National Zoological Collections in
the Zoological Survey of India an idea of size range among Indian fauna is given. Excluding the
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1. Coral Reefs
Predators, herbivores, infauna; bioeroders, epifauna. Commercially exploitable
resources. High species diversity. Coralliophilidae, Drupella, Lithophaga, Cypraea,
Conus, Drupa, Barbatia, Septifer, Spondylus, Trapezium, Tridacna etc
2. Mangroves
Predators, herbivores, infauna; bioeroders, epifauna. Commercially exploitable
resources. Species diversity moderate and populations abundant. Littorina,
Littoraria, Cerithiidae, Putamididae, Crassestrea, Teredo, Bankia etc.
3. Seagrass Beds
On plants, on substratum or attached to coral boulders. Only a few species; about
15 to 20 gastropods and bivalves. Cypraea, Conus, Cerithium, Tellinidae,
Veneridae, Lucinidae etc
4.Tidal Flats and Muddy Shores
Burrowers and epifauna on substratum. Only a few species; mainly bivalves,
Gastropods represented by carnivores, Nassarius, Pugilina etc.
5. Sandy Shores
Infauna, intertidal : A few species. Meiofauna represented by 5 species.
Macrofauna mostly bivalves with abundant populations : Donax, Tellina etc.,
Gastropods : Oliva, Bullia, Babylonia, Terebra efc.

6. Rocky Shores

Cryptic, epifauna, mostly herbivore gastropods : Littorina, Littoraria, Cellana,
Diodora, Purpura etc., chitons and a few byssate bivalves. Infauna consists of
two species of bivalves.

Fig. 6. Coastal Ecosystems and Habitats of Molluscs.
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meiofauna, smallest specimens are from the marine genus Cyclostrema and the freshwater genus
Gyraulus, which measure 0.75 mm and 4.0 mm respectively. Charonia tritonis, measuring 35
cm and collected from Nicobars is the largest Indian gastropod. The world size record for the
same species, collected from Pacific, is 48.26 cm. Among bivalves the smallest size spécimens
are found in the freshwater genus Pisidium in which P. annandalei measures 3 mm. The largest
bivalve in the National Zoological Collection is Tridacna maxima measuring about 37 cm
occurring in the littoral zone of Andaman and Nicobar Islands. Specimens of T. maxima
measuring around 100 cm occur in the Kamorta Island (where these shells are used as containers
by the nicobarese for feeding their pigs). The largest clamshell, Tridacna gigas measuring
136.87 cm and weighing 230 kg was collected off Sumatra. Architeuthis (Gk. Chief squid), the
giant squid is believed to be world’s largest invertebrate and grows to a length of 21 to 24 m. It
has very large eyes of the size of a dinner plate. Recently the New Zealanders caught two
females (7 m and 4 m long) and a male (6 m long) at a depth of about 1000m in the Chatham
Rise in the South Pacific Ocean.

Not only in size but also in shell shape, sculpture and colouration molluscs exhibit significant
diversity. It is more pronounced in marine molluscs, which display flamboyance in colour and
in form within and between species. In comparison, freshwater and land mollusks are less

colourful.

Diversity is also evident in mollusc feeding habits. There are herbivores, carnivores,
scavengers and deposit feeders, suspension feeders, commensals and parasites. The only
carnivorous land snail of India, Gulella (Huttonella) bicolor has been reported to feed on garden
snail. All the freshwater forms are either herbivores or suspension feeders. It is the marine
molluscs, which occupy diverse habitats and exhibit diverse feeding habits.
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2. VALUES OF MOLLUSCAN DIVERSITY

The association of molluscs and man has been very old, dating back to prehistoric times.
Heaps of discarded shells were found in the kitchen middens and in the excavations of stone-
age cultures. There are evidences to show that shell trade existed in protohistoric Iran and
Southern Asia (Durante, 1979). Shells have fascinated man from the time he came in contact
with molluscs. The shells were strange and rare objects for the primitive man. Attracted by the
beauty of the shells the primitive man picked them up on the sea beach and the wandering tribes
carried them inland. The people of inland who never saw a sea, could not even imagine such
objects and hence viewed them with respect and curiosity. These natural objects were taken as
mysterious and marvelous creations of nature. As the association grew man attributed magical
and mythical powers to shells and had also started manufacturing various articles out of them.

The primitive man came in contact with the mollusc through its shell, which is an important
character of the group. Shell and mantle or skin are the two important characters, which are
responsible for the development of a close bond between molluscs and man. Mantle is a unique
structure to molluscs and one of its main function is the secretion of shell, a protective covering
to the soft animal. Each shell stands as a monument to the miraculous and mysterious system of
creation. These shells have become invaluable resource materials, based on which man has
developed industries with promising returns.

The importance of the molluscs to man can be broadly treated under the following heads:
1. Aesthetic value
2. Commercial value
A. Raw material for shellcrafts
B. Source of calcium and lime
C. Pearls
3. Gastronomic value
4. Biomedical value

5. Marine biodeterioration.

2.1. Aesthetic Value

Aesthetic appeal of a shell is due to its colourful exterior and the perfection of its shape,
which in the majority consists of a spiral curve. Although there are seven classes of molluscs
only two, namely Gastropoda and Bivalvia and Nautilus in Cephalopoda have developed such

external shells, which appeal to human eye. Of these, gastropod shells have attracted man from
the beginning.
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A snail’s shell is cited as an example of mathematical perfection and what is mathematically
perfect is also considered as an object of perfect beauty. Beauty evokes an immediate sensuous
pleasure, which is acommon human experience. The shell form is not only beautiful and regular,
but has also proved to be efficient and useful to its possessor. The growth of shells is an example
of generating spiral curve. The shell grows with a constant increase in its size, but without any
change in its geometric proportions.

Mathematically speaking there are several forms of spirals of curves. But as far as molluscs
are concerned there are two important spirals, namely the equable spiral or spiral of Archimedes
and the equiangular spiral or logarithmic spiral. The former is not as common in nature as that
of equiangular. When a rope of uniform thickness is coiled tightly on a horizontal surface the
spiral of Archimedes is formed. In this type of spiral each whorl is of the same breadth as the
one preceding and the one following it and the radius of the coil increases in arithmetical
progression. This type of spiral is seen in the opercula of Trochus and a few other shells.

In the logarithmic type of coil the whorls continuously increase in breadth at a steady
and unchanging ratio. In 1638, the French philosopher Descartes called it the equiangular
spiral, and in 1691, Jacques Bernoulli called it the logarithmic spiral, while others preferred
to call it the geometrical spiral. The fundamental mathematical property of the equiangular
spiral corresponds precisely to the biological principles that govern the growth of the molluscan
shell.

2.1.1. Geometrical Symmetry-Nautilus : Geometrically perfect and aesthetically
appealing is the shell of Nautilus, which gets washed ashore on the coasts of Andaman and
Nicobar Islands. There are as many as 38 chambers in a full-grown Nautilus. The first four
chambers are formed when the young Nautilus is still within the egg and new chambers are
added at the rate of one every 2 or 3 weeks. The successive chambers of Nautilus are built on a
framework of logarithmic or equiangular spiral. As the shell grows to accommodate the growing
animal, the size of chambers correspondingly increases, but the shape remains unchanged. The
increase in length is balanced by a proportional increase of radius so that its form remains
unchanged.

The shell of Nautilus with its colourful exterior of reddish-brown flame markings on a creamy
white background is an object of aesthetic value and of commercial importance. About one-
lakh shells of nautilus are collected and exported annually from the Philippines. A polished
shell reveals its lustrous mother-of-pearl layer, which is cut and engraved into table lamps, and
other ornamental items like spoons, ear-rings, studs, spoons, cups and saucers.

Thus we can cite a number of shells, which have fascinated man with their marvelous and
geometrical symmetry. The spiral coiling can take on many shapes. In abalone or ear shell
(Haliotis) the generating curve grows very rapidly and the last whorl becomes suddenly large
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but maintaining the spiral curve. In the sundial shell (Architectonica) the whorls may increase
in breadth very slowly, almost to the point of simulating an Archimedes spiral.

2.1.2. Cones : Some of the shells have become important not simply because of their shape
or beautiful colour, but because of their rarity in nature. Cones, considered as molluscan
aristocrats, are one such group. From the beginning when the shell collection has developed
into a hobby cones are much sought after by the collectors. Although there are about 400 species
of cones, a few only are considered as pride possessions by any collector. There are a few
cones, whose discoveries have created quite a sensation. The two rare cones that made history
are ‘Glory of the Sea’, Conus gloriamaris Chemnitz, 1777, and ‘Glory of India’, Conus
milneedwardsi Jousseaume, 1889.

The famous cone shell, ‘Glory of the Sea’ was believed to be the most rare shell until
September 1969, when the aqualung divers discovered a number of live specimens off the north
coast of Guadal canal, Solomon Islands. The first specimens of this cone appeared in an auction
in 1757. No body knew who gave it the now well-known title and from where the specimen was
collected.

The first authentic collections (two live specimens) of C. gloriamaris were made by Hugh
Cuming, prince of shell collectors, on an island north of Mindanao in the Southern Philippines.
Only a few specimens were known to collectors till middle of 20th century. The craze for this
cone was so much that it has been made a central theme of a Victorian novel, titled Glory of the
Sea, published in 1887 by Francesca M. Steele. The shell has created such an irresistible
temptation that it has lead to the theft of a specimen in 1951 by breaking open an exhibition
showcase in the Museum of Natural History. In 1957 one shell of C. gloriamaris.was sold for $
2000. The popularity or value of this shell has been mainly due to its rarity, since the shell does
not offer any excellent shape or colour. The shell, which bears some resemblance to textile cone
(C textile), is tapering with fawn to russet coloured tent markings on a creamy background.

The other rare shell, which is one of the most sought after shells of today, is the ‘Glory of
India’ cone. In 1890, F.W. Townsend collected some specimens off the Bombay coast while
laying Telegraph cables. Later in 1903, another specimen was collected from near Bombay and
is deposited in the National Museum of Wales. Subsequent collections in 1930 and 1960 from
Mauritius have brought the total specimens to about a dozen. But in the later part of 1960 more
specimens were collected by deep trawling from a depth of 150 fathoms off Mozambique, East
Africa and three of these specimens were sold in the United States for a sum of $ 2400 (Saul,
1974).

While the above mentioned two cones are considered as pride possessions by shell collectors,
there arc other 27 species of cones which are important because of their poisonous nature. If
picked up alive a poisonous cone is capable of shooting a tiny but deadly dart into the person’s
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hand. The dart carries a poison that is almost as virulent as that of a cobra. Although there are no
records from the Indian seas of the poisonous cones, there are many records from the Great
Barrier Reef. In India there are five species of venomous cones viz. Conus geographus
(Geography Cone), C. aqulicus (Princely Cone), C. marmoreus (Marble Cone), C. tulipa (Tulip
Cone), and C. textile (Textile Cone) occurring in the reefs of Andaman and Nicobar Islands,
Gulf of Mannar and Lakshadweep. The first mentioned is the most dangerous.

2.1.3. Cowries : Considered as jewels of the sea, cowries have a longer association with
man than any other shells. Their utility to man has been in three basic ways, as aesthetic or
ornamental objects; as charm, amulets or talisman; and money.

Two basic needs - food and procreation - dominated the life of primitive man. When he
picked up a cowry on the shores of the Red Sea, he found a fanciful resemblance between the
sexual parts of a woman, and the shape, colour and form of the aperture of a cowry. He believed
that an object, which appeared similar to a part of human body, could magically influence the
same part. Thus, he attributed vital and magical powers to the cowry (Saul, 1974). This led to
the belief that the cowry has the power of conferring fertility and it became the symbol of
womanhood. Woman in several parts of Europe and Japan used to wear cowry shells as pendants,
girdles and bracelets in the belief that they conferred fertility and assisted in the process of
parturition.

Cowries are imbued with talismanic or magical properties. They were often used as charms
against the evil eye. Often rural folk in India tie cowries to the horns of bulls or camels. Some
have suggested that the resemblance of the apertural side of the cowry to the half closed human
eye is the basis for this belief.

Cowries were used as currency in many parts of the world. Of the 200 species of cowries
known, only two were used commonly as currency: the Gold-ringed cowry, Cypraea annulus
and the Money cowry, Cypraea moneta. Even till recently, these were used as currency in
central New Guinea and Africa.

Cowries were used in the preparation of ornaments like purses and ladies’ handbags. These
were collected in large numbers from various places in the Indo-Pacific region, where they are
abundant in the coral reefs. During the middle ages and in the years of the Dutch and English
East India Companies cowries were fished near Maldives and Sri Lanka. From here they were
shipped to the European Countries such as the Netherlands, England, Portugal and others in
barrels or sacks. From the records it is known that Maldives alone exported 1000 million cowry
shells in the year 1800. From various such export figures Dr. M. Schilder calculated that if all
the cowries exported are joined in one chain, it would go 37 times around the earth at the
equator and reach four times the distance from the earth to the moon (Cernohorsky, 1967). This
explains how popular the cowries were.
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According to recent Indian foreign trade statistics, 45 tons of cowries were exported in
1977, of which U.S.A. alone imported 12 tons. To meet the demands of Indian shell crafts
industry a few species of cowries are imported to India; 17 tons from the Maldives and 22 tons
from Tanzania were imported in 1976. Seven species of cowries are involved in this trade: tiger
cowry, Cypraea tigris, C. lynx, C. caputserpentis, C. chinensis, C. diluculum, C. erosa and C.
vitellus.

2.2. Commercial Value

Seashells are known for their beauty and there is a growing business in seashell export. The
collections usually are classified into commercial shells and collector’s shells or specimen shells.
Shells that have an aesthetic appeal are collected or purchased by hobbyists or members of shell
clubs, which are popular in U.S.A. and Europe. Such shells are preserved intact as natural
history specimens. Commercial shells are ground, polished and cut into various sizes and used
in shell craft industry.

Seashell exports from India have risen from 20 tons in 1969 to 466 tons in 1979
(Wells, 1981), when the main importing countries were U.S.A., Bahrain and Kuwait. There is
increasing demand for seashells in U.S.A., Japan and Europe. The Philippines is the leading
exporter of seashells with around 80 per cent followed by South Korea, Thailand, Taiwan and
Mexico. India has a 5 per cent share in world market but expected to exceed 10 per cent in a few
years.

Shells are collected off Tamil Nadu coast, Kerala, Andaman and Nicobar Islands and of late
from Orissa. It was reported that one Shell Craft Industry in Bombay processes around 1200
tons of seashells annually. Of this about 200 tons are thrown away since the shells do not
conform to certain standards of colour, shape and size.

2.2.1. Raw Material for Shellcraft : In addition to their exploitation to meet the demands
of international shell trade, seashells are also needed in large quantities by the domestic shell
craft industry. Seashells are used in the preparation of ornaments and household articles such as
table lamps, ashtrays, agarbatti stands, door hangings etc. These are also used in the lime industry,
poultry feed additives and the fine lime obtained from the shells is used in pottery glazes,
toothpaste etc. Some of the shells are commercially important because of their nacre,
commercially known as mother of pearl, which is used in decorative inlay work. The number of
shells put to industrial use are more than those used in ornamental shell trade.

Puri is a major centre for collecting, processing and marketing of seashells. The Govt. of
Orissa has a Seashell Handicrafts Training Centre, at Puri, which trains young boys and girls in
the art of shell craft. The finished products from the artisans are purchased by the Orissa
Handicrafts Corporation, and Khadi and Village Industries Commission, and sent to Calcutta,
Bombay, Madras and Delhi to be exported to foreign countries. Shells are used in-jewellary
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Fig. 8. Display of ywellery out of Top shell.
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Fig. 10. Nautilus Table lamp, spider conch and Giant clams.
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Fig. 12. A mirror decorated with bivalves all around. Nearly 200 shells are used.
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Fig. 14. Turban shell ¢ Zurbo marmoratus) polished and natural shells.
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Fig. 15. 1. Indian Sacred chank Turbinella pyrum fusus and exotic sinistral shell.

2. Busycon contraium sold as substitute for sinistral chank.

items, curios, wall hangings, door screens etc. Besides many marine bivalves, shells of Pugilina,
Murex, and of King shell, Achatina and Lamellidens are also used by the artisans of Puri.
Preparation of Sankha bhasma from a marine bivalve is used in Ayurvedic medicine. Golden
cowry was a symbol of fertility and designs are made with it to ward off evil. Cowries arranged
in a particular fashion are hung on a wall on the 6" day of newly born baby.

There are cottage industries in Ramanathapuram dist., Tamil Nadu, which manufacture
beautiful curios and several utility articles with molluscan shells. Many families of fishermen
are profitably engaged in the collection and trading of shells. A survey by Radhakrishnan
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Nair er al. (1976) showed that there were nearly 25 small establishments dealing exclusively
with shells and shell articles. We do not have proper statistics, but there are small shellcraft
units in Kanya Kumari (Cape Comorin), Madras, Hyderabad, Puri, Digha, Calcutta, Port Blair
and other places, which draw natural, raw shells from the Gulf of Mannar, Andaman and Nicobar
Islands. The finished shell products from these units are sold in local market, and transported to
inland cities of India and a few exported to U.S.A., Europe and Japan.

Garlands, chains, necklaces and other ornamental articles are made out of Pyrene, Oliva,
Umbonium, Planaxis, Nassa, littorinids, cones, cowries, Placenta placenta (Windowpane Oyster)
etc. Household articles such as table lamps are made out of shells of Turbo marmoratus (Green
Snail), Trochus niloticus (Top Shell), Nautilus, Chicoreus ramosus, Lambis lambis (Spider
Shell) and Melo melo (Beggar’s Bowl) (Figs. 7-13).

Chanks, Turban Shells, and Top Shells are the most popular among shell traders because of
their large size and glittering surfaces when polished. The most valuable commercial mother of
pearl is obtained from Turbo marmoratus, Trochus niloticus, Turbinella pyrum and Pinctada
fucata, the Indian pearl oyster.

2.2.1a. Chank : Sacred chank has established an inseparable relationship with humanity
from times immemorial. Ornaments made out of chank were found in excavations of Mohenjadaro
and Harappa. The importance of the chank in Hindu religion and life are portrayed in several
legends. Chank shell was favoured as a trumpet in the olden days. The Bhagavadgita refers to
different chanks namely Pancha Janya (by Sri Krishna), Ananta Vijaya (by Yudhishtira),
Paundra (by Bhima), Devadatta (by Arjuna), Sughosha (by Nakula) and Manipushpaka (by
Sahadeva), which were used as trumpets in the battlefield of Kurukshetra. Lord Vishnu is
portrayed as one holding a sinistral chank, which was obtained from the ‘Ocean of Milk’ at the
time of churning for divine nectar. Chanks have been associated with Buddhist deities also.

Chank blowing is a usual custom to announce any auspicious, religious or sacred event. In
Bengal the custom of chank blowing during marriages is very common.

** May Ganges water and sea-chank betide

Enduring bliss to bridegroom and bride”

is the hymn recited during marriage. Chank bangles are worn by married women.

In South India, chank is blown in all Hindu religious rituals including last rites. According
to Tamil literature an important chank cutting industry had existed nearly 2000 years ago. But
the industry in south had gradually declined. It was later revived in Bengal, where a well-
flourished chank industry exists at present. According to recent reports, in West Bengal there
are 5000 families dependent on conch shell industry. The industry has artisans spread over in
the districts of Howrah, Bankura, Burdwan, 24 Parganas and Calcutta.
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According to the Sankha Silpi Sangha, the market for conch shell products, especially bangles,
has improved considerably over the years since women in Bihar and Orissa also started using
these bangles as an alternative to the usual commercial ones.

In West Bengal alone there is a demand for 2.4 million conch shells but so far the annual
average supply has been in the region of 1.9 million shells. Besides the domestic demand,
chanks are also in demand mainly in Italy, Spain, France and the U.S.A. Chanks, which occur
at a depth from 30 to 45 m in the Gulf of Mannar and at lesser depth in the Gulf of Kachchh are
fished at intervals. The rights for fishing are leased out by the respective state Governments.

Chank is restricted in its distribution, because of the absence of a free-swimming veliger
stage in its development and inability of adults to swim to new territories. Overexploitation
automatically leads to decline in their stocks. A survey made in 1910 showed that there was a
severe decline in the numbers of shells collected due to overfishing in the preceding years.
During the first half of the previous century four to five million shells were said to have been
collected annually from the Gulf of Mannar alone. The depletion has led to serious crisis in the
domestic industry and also to reduction in the export trade; the export of chank shells has fallen
from 55 tons in 1976 to 18 tons in 1977 (Wells, 1981). The chank shellcraft industry often faces
serious problems because the Tamil Nadu Fisheries Department is either holding up or not able
to supply the required quantity to West Bengal Handicrafts Corporation, the nodal agency,
which receives the raw shells and distributes them to diffcrent artisans in the State. Since India
is not able to supply the chank shells, Bangladesh is importing raw shells from Sri Lanka.

Recent data indicate that there is an increase in the landings of sacred chank in the Gulf of
Mannar. There is a 34% of increase in the production from 1990-91 to 1991-92. The average
catch per a diver increased from 1.3 chanks in 1990-91 to 22 chanks in 1991-92.(Anon, 1993).
But the details of chanks fished (Peer Mohamed Pers. Comm.) do not indicate any substantial
increase. During the year 1989-90 a total of 84496 nos. of good quality chanks and 73150 nos.
of worm-eaten and undersized chanks were fished in the season (November to March), which
included 98 diving days. In 1990-91 chank diving was held for 120 days yielding a total of
162675 chanks of which 99943 were of good quality. Next year (1991-92) during 27 days of
diving 36448 chanks were collected of which 20881 were of good quality.

A sinistral chank is a rarity in nature and it is deeply venerated by devout Hindus. During
recent years unscrupulous businessmen are out to exploit the sentiments of ignorant people.
Left handed Lightning Whelk, Busycon contrarium, which is very common in Gulf of Mexico,
West Florida, is imported to India and sold as a sacred chank thus playing to the religious
sentiments of the people (Fig. 14). It is one of the very few naturally sinistral marine species
that grows to 40 cm length, whereas the Indian sacred chank normally is a dextral species. Large
specimens of Busycon are sold in pilgrim centres on the west and east coast of India and many
have found their place into Calcutta and Port Blair markets also. Large specimens of this exotic
species are now seen in many Hindu houses and temples along with the true sacred chank.
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2.2.1b. Trochus and Turbo : Trochus niloticus and Turbo marmoratus are two commercially
important gastropods. Both the species are distributed in the coral reefs of Andaman and Nicobar
Islands and occur up to 20 m depth. Trochus is exploited since 1900 and the introduction of new
techniques by the Japanese divers in 1929 has depleted the stocks rapidly. Continued commercial
fishing of T. niloticus in Andamans has reduced quantities of shells fished from 500 tons to less
than 40 tons in one season. In 1933, an hour-long search by a diver could yield 20 shells, which
had fallen to two to three by 1935 (Rao, 1937). During the years 1939-45 commercial fishing
was stopped and the beds were allowed to recover. Growth of Trochus is quite fast for the first
2-3 years (8 cm base diameter). A ten year old attains the size of 12 cm. Even a landing of 1000
tons has the risk of causing sharp drop in the next year. As per the recent estimates the annual
production of Trochus ranges from 400 to 500 tons (at @ Rs. 65,000 per ton) and that of Turbo
from 100 to 150 tons (at @ Rs. 90,000/- per ton). Both the species are overexploited in the
Islandas. Turbo is commercially extinct and Trochus is collected in a few kilograms. Between
1994-95 and 1998-99 an average of 1825 kgs. of Trochus per year were collected, with the
highest quantity of 4382 kg. in 1996-97 and the lowest of 450 kg. in 1995-96.During the same
period Turbo averaged 80 kg. with maximum catch of 210 kg in 1994-95 and a minimum catch
of 20 kg. in 1998-99.

In the international shell trade there is an annual demand of 6000 tons of raw Trochus shells
(Bouchet and Bour, 1980). New Caledonia and New Guinea are the two important centres from
where Trochus are fished in large quantities.

2.2.2. Source of Calcium and Lime : The molluscan shell forms one of the important raw
material for many calcium/ calcium carbonate based industries, since 33 to 40 per cent of the
shell is calcium, 90 to 98 per cent of which occurs as calcium carbonate. Tooth powder from
edible oyster shells has been perfected at Render (Surat) laboratory of the Gujarat Fisheries
Aquatic Science Research Institute. Shell grit also forms an important ingredient in the preparation
of dental cream, talcum powder and in carbide industry.

An organised lime burning industry exists in a number of villages on the east and west
coasts of India. Huge quantities of shells are collected along Kerala coast, Tamil Nadu, Andhra
Pradesh and Orissa for use in the preparation of slaked lime and poultry feed. Shells play a
prominent role in the economy of local fishermen at Kakinada, Andhra Pradesh and at Ashtamudi
Lake, Kerala. According to Narasimham (1973) fishermen belonging to 15 villages exploit the
molluscan fishery resources of the Kakinada Bay.

The molluscan fisheries of the Kakinada Bay include the following species :

Bivalves : 1. Placenta placenta— Windowpane oyster, important and most valuable
Anadara granosa — Granular ark shell

Meretrix meretrix — Bay clam

Marcia opima (Katelysia opima) - Inflated clam

Paphia malabarica — False clam or short neck clam

Donax cuneatus — Donax shell

SN LA WN
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Gastropods : 7. Umbonium vestiarium — Button shell
8. Cerithidea cingulata — Cerithid snail
9. Pugilina cochlidium — Spiral melongena
10. Telescopium telescopium — Telescope snail

Every year a few hundred tons of shells are collected by about 300 licensed fishing boats.
An estimated catch-of 6020 tons (fresh weight) valued at Rs. 1,95,000 was landed in 1968, the
value of which would increase when converted into lime.

Shell lime is popular in Orissa and it comes mostly from the coastal villages in Baleshwar
(Balasore) and Ganjam districts. In Berhampore town there are eight bhatties (lime-burning
kilns) in Kamapally area. In lime manufacture bivalves are preferred over gastropods. In
Berhampore, venerid bivalves are mostly used and Cerithidea cingulata is the only gastropod
used in lime making. The cerithids are collected from the nearby Gopalpur creek and other back
waters. As the local collectors are not able to meet the demand of lime manufacturers, shells are
transported in trucks from Balacheruvu, near Visakhapatnam.

Shells are also collected from Pallur, Ganjam, Gopalpur, Golabanda, Markandi, Ramyapatna
and Sonapur. There are subfossil shell deposits in the neighbourhood of Rambha and in Bahuda
riverbed near Surla.

Forty-five tins (each of 15 litres) of shells and 45 to 50 tins of coal are used in one operation
in a kiln. The shells are burnt for 3 %2 hours. About 75 kg of lime is obtained in one operation.
The kilns are active for about 6 months in a year with a peak activity in October. In one season,
that lasts from October to December the kilns are operated for about 20 times in a month, but
during off season it is five or six times in a month.

At Surla, Sonapur and Pattisonapur there is an extensive bed of edible oysters covering a
total area of about 162 ha, which is annually leased out by the Department of Fisheries,
Government of Orissa.

The shell trade at the border of Orissa and West Bengal is mainly centred on one particular
species, the Bay clam Meretrix meretrix.

The trade is distributed over the following points :
1. Collecting or shell-picking centre
2. Stocking centre or transporting centre
3. User agencies

1. Kirtania situated on Subarnarekha River is the main collecting centre of shells, where the
collectingactivity extends over most of the year, without any restrictions or closed seasons.
But in general the collectors avoid picking young shells. The examination of huge stocks

of shells piled at Talsari, a border village near Digha, had revealed that the smallest shell
measured 13.7 x 8.3 mm while the larger ones were 29.5 x 23.2 mm.
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2. Traders purchase shells from the collection centre and transport these in boats to Talsari
from where the shells are supplied to various user agencies. Raw shells with flesh intact
are priced at Rs. 4/- per quintal. These are loaded into boats, which carry about 60 quintals.
From the information available there are about 30 to 35 boats engaged in this shell trade.
At the time of our visit in 1998 we could count 14 heaps of shells stocked at Talsari.
Taking the costs involved i.e. labour, transport and other incidentals the cost of one
quintal of shells comes to around Rs. 15/-, by the time it is ready to be dispatched to user
agencies, to which they add their own profit and sell at Rs. 20/- a quintal.

3. From Talasari shells are transported to various destinations in West Bengal such as Port
Canning, Diamond Harbour and Midnapore. Every month about 20 truckloads, each
truck carrying 12 tons, are distributed from Talasari. Although the supply of shells
continued throughout the year, it was brisk during summer. Thus annually about 2500
tons of shells, mainly of bay clam are exploited.

As per the information given by the local people there are more than 1000 persons (of all
ages) thriving on the shell trade from collection to transporting inland to user agencies. These
shells are ground and utilised as poultry feed additives. Paphia malabarica is exported in large
quantities from Kerala.

2.2.3. Pearls

What is a pearl ? : A pearl is more or less a round concretion of skeletal material. It implies
that animals, which are capable of secreting some sort of skeleton, can also secrete pearls. Thus
one may find rarely in nature chitin pearls in insects, horn pearls on horns of certain mammals.
Pearls, which are popular as gems are secretions by molluscs. All those mollusks, which possess
shell have the potential 1o produce pearls. These nacreous pearls may be secreted in nature by
different kinds of molluscs such as pearl oysters, mussels, abalones, turbans, nautilus etc. All
these molluscs have one feature in common, namely the possession of a layer of mother-of-
pearl on the inner surface of their shells. Pearls in trade are the products secreted mainly by
marine pearl oysters.

Pearl is nothing but a biochemical product of mollusc. It is produced by the accidental
entrance of a foreign body inside the shell or by accidental wound inside tissue of mollusc.

Pearl is secreted by the mantle, the membranous covering of soft parts, which also secretes
the shell.

The pearl consists of a central nucleus surrounded by a series of pearly nacreous matter. Its
substance is essentially the same as that which lines the interior of many shells, known as
mother-of-pearl. The nucleus varies and it may be any foreign body, such as sand-grain, a
parasitic worm or anything that acts as an irritant to the mollusc. The pearl consists of an outer
coating of aragonite, calcium carbonate with distinct crystalline structure, which is cemented
together by ‘conchiolin’, an organic substance and water. The whole thing is nacre. Some pearls
may have a different crystalline structure called ‘calcite’ which differs from aragonite.
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The molluscan shell consists of three layers, namely an outer organic layer of conchin, and
two inner calcareous layers, namely prismatic and nacreous. The pearls may be built up of a
single calcareous layer, two of them in any combination, or all three layers or repeated sequences
of same layer.

Pearls may be produced in a natural way or by artificially inducing the mollusc to secrete
nacreous matter around an inserted nucleus. The former are called natural pearls. These are
formed due to natural processes or disturbances in the environment where the oyster lives. The
latter category is produced by human interference and is known as a cultured pearl. Cheap
imitations made of plastics that have artifical lustre are known as artificial pearls.

The chemical composition of pearl is given below (Alagarswami, 1986) :

Water 3.97%
Organic matter 3.83%
Calcite and aragonite 91.53%
Loss 0.61%

Quality of the pearl is determined by its keratin content and colour. The latter is influenced
by the colour of the shell of donor mollusc from which pallium (graft tissue) had been taken and
the part from where it is extracted and implanted. The quality pearl has a specific gravity of
2.63 to 2.68 and that of inferior quality pearl is lower.

Pearl oysters and their distribution : Commercial pearls are produced by pearl oysters,
which occur in seas around India. The following are the species distributed in India.
Pinctada anomioides (Reeve, 1857)

Bombay, Madras harbour, Tuticorin, and Andamans. Elsewhere: Aden, Sri Lanka, Myanmar
(Mergui Archipelago) and Indonesia.

Pinctada atropurpurea (Dunker, 1852)

Madras harbour and Andamans. Elsewhere: Sri Lanka, Myanmar (Mergui Archipelago)
and the Philippine Islands.

Pinctada chemnitzi (Philippi, 1849)

Madras harbour, Tranquebar, Palk Bay, Tuticorin (Gulf of Mannar), and off Balasore (Orissa).
Elsewhere: Aden, Sri Lanka, Myanmar (Mergui Archipelago), Penang, Hong Kong, China
Sea, Japan, Philippines, Indonesia and Australia.

Pinctada fucata (Gould, 1850)

Common Indian Pearl oyster. Gulf of Kachch and Gulf of Mannar, rare in Andaman and
Nicobar Islands. Elsewhere: Red Sea, Persian Gulf, Sri Lanka and Western Pacific Ocean.
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Pinctada margaritifera (Linnaeus, 1758)

1t is widely distributed in the Indo-Pacific region, sparse on Indian coasts and common in
Andaman and Nicobar Islands. Pearl fisheries exist in the Persian Gulf, Red Sea, Southwest
Indian Ocean and Pacific.

Pinctada sugillata (Reeve, 1857)

Gujarat, Tuticorin, Madras harbour (Rao, 1970, new record) and Andamans. Elsewhere:
Myanmar, Indonesia and Australia.

The Indian pearl oyster, Pinctada fucata is well known for the production of ornamental
pearls of good colour and luster.

Although pearl oysters are distributed in various parts of India as given above, pearl fishery
existed only in Gulf of Mannar and on a smaller scale in the Gulf of Kachchh. The pearl oyster
beds of Gulf of Mannar are locally known as ‘paars’ The pearl banks extend from Kilakkari to
Cape Comorin. The central sector between Kayalpatnam and Vaippar is most productive and
the fisheries are operated with the base at Tuticorin. Pearl oysters live by attaching themselves
to the corals or other substrata with their byssus threads. The fisheries are irregular in nature
and the fishing season lasts a month or two between January-May depending on weather
conditions and oyster populations. In the Gulf of Mannar there are about 60 well known oyster
beds, which extend in a 160 km. longitudinal stretch parallel to the coast. The beds cover a total
area of about 2000 sq. km. and lie at a depth of 10 to 29 meters at a distance of 11 to 16 km. from
the shore. The Tolairam paar near Tuticorin is the most extensive and productive. In the Gulf of
Kachchh there are 42 oyster beds (locally known as ‘Khaddar’).

Pearl culture : There are five stages in the culture of pearl oyster leading to production of
pearls.

Juvenile pearl oysters or spats are collected from the natural beds. These are then put to rest
in shallow water allowing them to recover from the ‘disturbance’ caused to them. These are
then placed in steel-wire baskets. Inner side of the basket is provided with synthetic matting or
small size mesh to prevent the juvenile oyster from falling out. As the shells grow mesh size is
also changed. A growth of 4.5 cm height is achieved after one year. It takes two years for the
oyster to grow to the size of the mother weighing slightly over 30 gm.

During the process called conditioning the grown-up oysters are put in menthol mixed
seawater. The valves get open slightly and wooden wedges are inserted inside to keep the
valves open. A healthy shell of 2-4 year old is opened by cutting the muscles. A strip of mantle
along its edge is cut into pieces of 2-3 sq. mm. This graft tissue, in the form of pieces, is dipped
in mercurochrome, which acts as an antibiotic and prevents any disease causing germs entering
the recipient.

In graft operation an incision is made near the foot and a piece of mantle with a nucleus
(3.7 mm diameter) is inserted in the gonad. Implantation may also be done in mid-gut-gland
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or intestine. It must be ensured that the outer layer of the mantle is in contact with the nucleus.
Often two or three nuclei are implanted in one oyster. These seeded oysters are given two to
three weeks time to recuperate from the operation. These are then returned to layer of rafts for
post-operative rearing.

When the oysters are presumed to be ripe they are brought to the shore and examined or
some times even X-rayed. After a dip in an antibiotic bath, a new sphere is inserted and the
oysters are returned to the raft. Pearls so collected are washed and later polished with a soft
cloth, to add more shine.

Each oyster can produce three or four pearls in its life span of about 15 years. The productive
period begins at the age of three or four and lasts up to ten. Eighty percent of the pearls extracted
are classified ‘good to average’ Freshwater pearl culture has been in practice in China and
Japan, in mussels Cristataria plicata and Hyriopsis schleegalai respectively.

In freshwater pearl culture the mussels are conditioned in cement or plastic tubs for 5 to 7
days without feeding so as to render them supple for surgery. Shell beads are preferred as nuclei;
locally made ceramic beads are also used. The operated mussels are stacked in nylon cages and
set on the pond bottom at a depth of 1.0 to 1.5 m. Pearls are harvested after 2 to 3 years.

Preparation of host shell : In nature pearls may be formed in different regions of the body
namely near the region of adductor muscles, mantle margin, pallial zone etc. The best site for
pearl production is considered to be the gonadial region. Spent individuals i.e. individuals whose
gonads are devoid of gametes, serve as good hosts. Nucleus is inserted in the gonadial region.

Nucleus insertion : It involves selection of a suitable donor shell or any other object for
obtaining the nuclear material and donor oyster or mussel for obtaining graft tissue. Nuclei are
obtained from shell of sacred chank, ceramic beads erc.

Graft tissue has to be obtained from the pallial zone of a selected oyster or mussel. This
operation has to be conducted very carefully without causing much injury to the bivalve
concerned. In P. fucata, 2 to 3 sq mm pieces of graft tissue are obtained. The size of the nucleus
determines the size of the graft tissue. Usually 2 to 3 mm-size nuclei are used in marine pearl
culture.

After obtaining the nucleus and graft tissue the recipient oyster will be operated upon and
the nucleus is implanted in the gonadial region. The time and number of nuclei to be implanted
will be determined in advance.

Convalescence : After operation the mussels are allowed to recover from the disturbance
caused. The oysters are kept in cages consisting of 68 x 60 x 30 cm heavy wire frames covered
with fine wire-mesh.

Pearl formation : The graft tissue on the nucleus grows into a pearl sac. The epithelial cells
of the pearl sac deposit nacreous layer around the nucleus, which ultimately leads to the formation
of a pearl. In pearl oysters it takes three to four years for pearls of commercial value to develop.
In freshwater mussel pearls are harvested 2-3 years after implantation.
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Harvesting : Oysters or mussels with pearls are brought to the laboratory. The valves are
opened and the fleshy parts are extracted out. The pearls are obtained by pulverising the extracted
part.

Processing of pearls : Soon after their separation from the meat, pearls are washed with
water to remove the mucilaginous matter and maintain the luster. The pearls are then graded
according to size.

Quality of pearls : The quality pearl has luster and is free from spots or marks. Nearly
rounded pearls are valued high and find ready market. Baroque or teardrop shaped pearls fetch
less prize. Pearls come in different shades - deep blue, gray, pink-yellow, orange and white, but
creamy white is regarded as the best colour. Black pearl is rare and it is much sought for.

An imitation pearl, which usually consists of a mother-of-pearl bead coated with fish scales
or plastic, will feel smooth if we rub it gently on our front teeth. A real pearl weather they are
cultured or natural will feel slightly rough, though it may look and feel smooth on our fingers.

If the pearls are to last long they should be wiped carefully with a soft cloth after each wear.
Occasionally it should be washed with soft detergent, rinsed in water and dried gently.

Pearls of medicinal value are obtained from windowpane oyster, Placenta placenta in the
Gulf of Kachchh. These are small and known as seed pearls. These are used in the preparation
of Ayurvedic medicine called Mukta bhasma. Large beds of windowpane oyster occur in the
Balapur Bay and Pindara Bay of Gulf of Kachchh.

Use of pearls : Pearls had seized the imagination of creative artists and writers. These are
‘classics’ for fashion minded people. Diamonds are the costliest of all gems. But in the beginning
of the last century pearls were popular because of their scarcity. In the earlier days pearls were
practically the exclusive preserve of the rich and royal families. During fifties of the last century
pearls became part of the routine wearing of genteelly reared upper and middie class women.
Hollywood actresses Grace Kelly wearing a string of pearls in the film ‘High Society’ and Audrey
Hepburn sporting pearls in ‘Breakfast at Tiffany’ have influenced a number of women to imitate
them. Depending on their place of provenance pearls have been sold at unimaginably higher
prices. Elizabeth Taylor purchased ‘La Peregrine’ in New York in 1969 for $ 37000. The pearl
necklace was originally presented by Phillip — Il of Spain to Mary Tudor in 1554. Cultured black
pearls in the world market cost from $ 1700 or $ 10000 to $ 13000 depending on the size and
quality of the pearl. Ciro is one of London’s most prominent pearl retailers. Its manager Jane
Dawson says ‘most popular is the single short row of pearls between 9 and 15 mm in diameter.
Princess Diana for instance used to wear 10 mm pearls. Fashionable women are buying 15 mm
and a lot of women inspircd no doubt by Barbara Dush are buying three strand chokes’

In her ecxhaustive manual, Elegance, Ganavieve Antoina Dariaux comments ‘The ideal
necklace, the most universally becoming piece of jewellery ever created, and an indispensable
accessory in every woman'’s wardrobe, is a string of pearls. Every woman should own a single-
strand pearl necklace and a second one of three or five strands. If she is a grand dame of a
certain age, she can even wear seven or nine strands. Like roses in a vase, an odd number is
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more elegant than even one’ [Fashion-conscious western women are going in for pearls. In
India too pearls are popular among women folk. It is the second largest importer of pearls in the
world only after Lebanon.

Central Marine Fisheries Research Institute has done very good work on pearl culture in
India. For further and more detailed information on pearl oysters and pearl culture one may
refer to Alagarswami (1986).

2.3. Shellfish of Gastronomic Value

Several species of marine and a few of freshwater and land molluscs are eaten in many parts
of the world and in India too. There is a regular fishery of some of the marine species and even
culture techniques have been developed to augment their production in India. Among marine
molluscs, oysters, clams, mussels, and cephalopods are considered as gastronomer’s delight.
According to FAO Year Book of Fishery Statistics, 1970, molluscs constitute 5.14 per cent and
crustaceans 2.30 per cent of the average annual world fishery production. In India mollusks
constitute about four to five per cent of the fish landings (Appukuttan, 1996).

The value of any edible resource depends on its nutritive content, popularity among the
people, harvesting facility and the quantum of yield.

The nutritive value of different edible molluscs is calculated on the basis of the chemical
composition if its flesh, which is as given below (Alagarswami, 1973).

Water Content Protein Fat Carbohydrate Ash
Clams 75.28 . 10.33 2.10 3.75 2.06
Oysters 76.85 11.18 1.97 8.00 2.02
Cockles 89.01 5.32 0.35 2.05 -
Blood clams 76.30 12.30 1.40 7.20 2.80
Scallops 80.30 14.80 0.1 34 1.4
Mussels 84.20 8.70 1.1 4.1 1.9
Pearl oysters 74.00 19.80 2.5 2.5 2.0

From the analysis it is clear that molluscs are a valuable source of protein and some are
known to contain vitamins and minerals.

2.3.1. Popularity : Molluscs as food are popular in Japan, Europe and U.S.A. Snail is a
delicacy in France, which is the single largest consumer accounting for 67 per cent of EEC’s
global imports. In India molluscs are not as favourite a food as fish or crustaceans. Molluscs are
eaten by poor people living along the coastal belt. However marine molluscs are very much
relished by the aborigin tribes of Andaman and Nicobar Islands. In some parts of northern and
eastern India freshwater molluscs are eaten. Molluscs have nutritional advantage because of
their easy digestibility and high content of minerals and vitamins.
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2.3.2. Methods of Harvest : Capture of molluscs is simple and since many of these
molluscs, except cephalopods, are sedentary and live close to the shore harvesting becomes

easy.

2.3.3. Production : Squids, octopuses and cuttle fishes constitutc about one third of the
total production of molluscs. The average annual production of cephalopods in India from 1962
to 1971 is only about 780 tons. These are caught along with other fishes and no specific capture
fishery exists for these molluscs. Although many species of cephalopods are involved, the main
coémmercial species in the Gulf of Mannar is the Palk Bay Squid, Sepioteuthis arctipinnis.

Clams, mussels and oysters are the most abundant resources of our country and their
production levels can be increased by simple transplantation experiments and culture techniques.
CMFRI has started culture of molluscs at Vizhinjam, Tuticorin, Mandapam, Madras and
Visakhapatnam, which has shown promising results. Qasim et. al., (1977) had shown that the
technique of rope culture in case of mussels could yield 480 tons per hectare per year.

The edible mollusks include mainly bivalves such as edible oysters, mussels and clams, and
a few species of gastropods namely Babylonia spirata, B. zeylanica, Chicoreus virgineus,
Pleuroploca trapezium etc. The gastropods are exploited mainly for meeting the export market
of Southeast Asia (Appukuttan, 1996).

2.4. Biomedical Value

Molluscs have been used in the preparation of ayurvedic and homeopathic medicines from a
long time. Extracts are prepared from powdered oyster shell (Crassostrea sp.) and also from
cowry shell (Monetaria moneta and others) for use in homeopathic medicines. Operculum of
Pugilina cochlidium is used in the preparation of certain Unani drugs. Sankha bhasma, Mukta
bhasma and other mollusc preparations are used in ayurvedic drugs. Sankha bhasma is used
against ailments ranging from skin diseases to rickets and asthma. Chank powder in short is a
panacea for diverse illnesses like jaundice, cough and general debility. Dried visceral mass of
chank is thought to be efficacious for enlarged spleen.

A large number of marine invertebrates are known to provide leads to some biologically
active compounds. Among these, molluscs have been considered as one important group. In the
dynamic and complex marine ecosystem, molluscs are under constant struggle for securing
food, for procreation and for their very survival. To meet these challenges, molluscs have
developed various devices and defensive adaptations, of which chemical armament in the form
of secrctions is significant. Biomedical potential of molluscs lies in their secretions, which may
originate from the dermal region or from internal glands.

Mucus is secreted in different parts of molluscan body, such as in the pedal region, in the
body surface and in glands. The secretion from Onchidium verruculatum, of marine habitat, on
screening was found to have antimicrobial activity. The secretions from chiton, Ischnochiton
comptus have yielded bioactive compounds, which have shown antifertility activity.
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Secretions in many prosobranchs, especially in the carnivorous species belonging to the
families Muricidae, Buccinidae, Conidae and others contain toxic compounds. These secretions
from the hypobranchial glands contain prominently choline esters (Endean, 1972).

Sea hares have been found to be potential sources of valuable biomedical compounds. 4plysia
benedicti and Aplysia dactylomela are two species occurring off Indian shore. The digestive
gland secretions of these species display hypoglycemic activity. Halogenated metabolites are
obtained from their secretions. Brominated indoles are known for their antimicrobical activity.
The possibility of using dolstatins in the secretions of sea hare as anticancer compounds is
under investigation. The sea hare secretes an unstable red dye called aplysiopurpurin, which
contain chromoprotein. It is secreted in the Blochmann’s gland in the mantle shelf. A large
amount of mucus is also secreted along with the dye. This purple secretion is joined by the
secretions from an opaline gland (poison gland) located in the floor of the mantle cavity. The
toxin from the Blochmann’s gland of two exotic seahares (4plysia vaccaria and A. californica)
is water and acetone soluble. The toxin causes muscular weakness and death in mice and chicks
(Winkler, 1961 in Russell, 1965).

Cones are well known poisonous molluscs. Cases of humans getting affected by the conus
venom were reported from several parts of the Indo-Pacific, like Great Barrier Reef, West
Pacific and from the Red Sea (First record in 1978). However, there are no such records from
India. The latest studies on the chemical nature of conus venom reveal that the active principles
are peptides. Paralysis of prey organism is probably due to the direct effect of poison on nerves,
mainly of the peripheral nervous system (Kohn, 1983). The toxicity of the venom varies with
the species and also with the part of the duct from where the secretions originate (Russell,
1965). Biochemical properties of cone poison were studied (Endean and Rudkin, 1963; Cruz et
al. 1976, 1978). The effect of poison of Conus amadis on fish was studied in India (Rajendran
and Kasinathan, 1987).

Conus venom contains a wide variety of complex neurotoxins. Genes controlling the toxins
looked very different and they had been changed by fairly recent mutations. Cone snails have
the fastest evolving genes known. “The rapid evolution probably leads to substantial variation
in venom effectiveness against particular prey” (Anon, 1999).

Recently an Australian researcher from Wollongong University had isolated a new antibiotic
from the eggs of common dog whelk (Nassarius sp.). The new antibiotic was found to be
effective against marine bacteria and against human pathogens including Staphylococcus,
Entamoeba coli candida and the bacteria that cause pneumonia. Reserachers believe that there
are other molluscs, which may have powerful anticancer and antiviral properties (Anon, 2000).

The secretions from the posterior salivary glands of dibranchiate cephalopods are toxic to
some crustaceans and fishes. The secretion appears to be a mixture of several substances such
as biologically active amines, enzymes and non-enzymatic polypeptides (Boucaud Camou and
Boucher Rodoni, 1983). The biologically active component of the cephalopod toxin is identified
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as cephalotoxin, a glycoprotein (Fisher et al. 1956b; Ghiretti, 1959). The venom of the blue
ringed octopus Hapalochlaecna maculosa, whose bite is lethal to man, eontains maculotoxin,
identified as tetrodotoxin (Sheumack er al.. 1978).

The secretion from the ink gland of cephalopod is used in homeopathic preparations. The
secretion is a colourless fluid containing a suspension of dark brown or black particles. It contains
the pigment ‘sepia’, which is a typical melanin possibly conjoined to protein. In India the source
is mainly from Sepioteuthis arctipinnis (the Palk Bay squid).

Vitamin A was reported from nine spccies of marine bivalves (e.g. Mytilus edulis, Ostrea
edulis, Mya arenaria etc.), eighteen species of gastropods and cephalopods. It was concentrated
mainly in the digestive gland or in the visceral mass in the case of gastropods and bivalves, and
in the liver of cephalopods (mainly as ester) (Cariello and Zanetti, 1977).

Recent investigations had shown that nonvenomous bivalves were also potential sources of
important bioactive compounds. They were found to be potential sources of anticancer drugs
(Endecan, 1972). Antimicrobial substanccs were isolated by Li (1960) from some marine bivalves
and anti-cancer compound named mercenaria was obtained from a venerid clam, Mercenaria
mercenaria (Schmeer et al. 1966). Glandular extracts from Perna canaliculatus and other species
of Mytilacea were used for arthritis trcatment. There are two species of Perna distributed along
our coast and also a number of species of venerid clams, which on investigation may turn out to
be sources of pharmacologically active substances. Recent interest in the exploration of drugs
from the sea has focused attention on a number of marine invertebrates including molluscs.
Screening of these marine organisms for bioactive substances was carried out at various centres
in India viz. National Institute of Oceanography (Goa), Central Drug Research Laboratory
(Lucknow), Bose institute (Calcutta), Andhra University (Visakhapatnam) and Regional Research
Laboratory (Bhubaneshwar) of Council of Scientific and Industrial Research (Parulekar, 1990).

2.5. Marine Biodeterioration

A number of marine bivalves bore into hard substances, such as wood, rock, etc. They
enter these substances as young larvae by boring a canal and settle there. As the larva grows in
size it widens the canal. They get lodged inside the substance, as they cannot quit the wood or
rock anymore, as the exterior opening is too small. The boring is facilitated by the rough exterior
of the shell. Where the boring bivalves attack man made structures they cause considerable
damage.

India has a vast coastline, and a number of wooden structures like jetties, piles etc. are
erected in coastal waters. Besides, catamarans, fishing vessels, boat building yards and several
installations of the Indian Navy are constructed out of wood. All these structures and even the
living mangrove vegetation are prone to attack by the foulers and borers. The losses incurred
due to damage by marine borers are enormous. It is estimated that the fishing industry alone
suffers a financial loss of more than 120 million rupees annually. The magnitude of the problem
of biodeterioration is such that in spite of several years of research it has not been possible to
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totally eradicate or control these foulers or bores. The establishment of a Wood Biodeterioration
Centre (Marine) under the Institute of Wood Science and Technology (Indian Council of
Forestry Research and Education) points to the significance of this problem of marine
biodeterioration.

There are several animal groups that form the community of marine foulers and borers.
Molluscs are important constituents of this community. Bivalve molluscs are the most successful
as foulers and borers. Fouling molluscs include most of the byssus-bearing bivalves like mytilids,
dreissenids and epifaunal forms like oysters, anomids etc. Perna viridis, Perna indica, Saccostrea
cucullata, Crassostrea cuttackensis and Mytilopsis adamsi are some of the species found along
our coast. The last mentioned specics is an introduced onec. It is reported from Bombay
(=Mumbeai) Visakhapatnam harbour and Kakinada port arca.

Marine wood borers include 30 species of shipworms (Teredinidae) and nine species of
piddocks (Pholadidae) and crustaceans. The piddocks are capable of boring into soft or
sand stone or even into brickworks. They occur in typical marine habitat extending into
brackish waters also. The following are the common and widely distributed species of India
(Santha Kumaran, 1994): Bankia campanellata, Bankia carinata, Bankia rochi, Dicyathifer
manni, Nausitora hedleyi, Lyrodus pedicellatus, Teredo clappi, Teredo furcifera, and Martesia
striata.

There are peanut shells (Lithophaginae), which bore into corals and cause damage in the
coral reef ecosystem (Appukuttan, 1974).
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3. SYSTEMATIC ACCOUNT

Class : POLYPLACOPHORA

These are commonly known as chitons or ‘Coat of Mail’ shells. The animal is bilaterally
symmetrical and dorso-ventrally flattened. The body is shielded dorsally by eight articulating
shell plates or valves arranged in an overlapping series. The shell facilitates a chiton to roll into
a ball when disturbed. The shell plates are surrounded by a girdle or peritoneum. The girdle
may be smooth or coverec. vith calcareous scales or spines. A strong, broad and flat muscular
foot is present on the ventral side. The foot is used in creeping locomotion or in attaching to
substrate. Foot is bordered laterally by a pallial groove enclosing a variable number of double
feathered gills or ctenidia. Anteriorly the mouth opens in front of the foot. The head is not quite
distinct. There are no eyes or tentacles. There is a well-developed radula with 17 transversely
placed teeth. The intestine is coiled and opens posteriorly through a terminal anus.

The sexes are separate and without any external differentiation. There is a pair of gonoducts
without connection to the pericardium. A pair of nephridia extends from the pericardium to the
gill-bearing groove. A free-swimming larva emerges out of the egg.

Chitons are exclusively marine, and mainly tropical, with a few species in the temperate
seas. These are mainly shallow water herbivores grazing on algae and living attached to rocks,
empty shells or other hard objects. A few species extend into great depths. A total of 500-600
species are cstimated globally. In India about 30 species are reported so far. These were reported
mainly from Andaman and Nicobar Islands, Lakshadweep, Gulf of Mannar, Palk Bay, Gujarat
coast and Visakhapatnam on Andhra coast. Chitons in India have size ranging from 15 mm to
100 mm in length.

Chitons are identified by the external characters of body and shell. The nature of girdle, shell
valves and the arrangement of gills are important taxonomic characters that distinguish the
species. The outermost layer of the shell is periostracum, beneath which is found the tegmentum.
The innermost layer is articulamentum. The outer ends of the articulamentum that lie under the
lateral triangles arc termed insertion plates as they attach the valves to the mantle. The insertion
plates bear a number of teeth. The first and last shell valves differ from the intermediate valves
in shape and also in sculpture. The anterior most or first valve has a semicircular base and a
straight posterior margin. It does not posscss any apophysis. The posterior most or tail valve is
semicircular to half elliptical. It has a top, called mucro, the position of which is variable. A
diagonal linc or elevated ridges radiate from the mucronal area dividing the valve into distinct
arcas. The intermediate valves are quite distinct from the anterior and posterior valves. The
valve is differentiated into a central area and lateral areas, which have distinct sculpture. Each
valve bears two apophyses scparated by a jugal sinus. The surface area is generally differentiated
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Fig. 16. Chiton : External characters.
1. Dorsal View; 2. Ventral View; 3. Head Valve; 4. Intermediate Valve and 5. Tail Valve.
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Fig. 17A. Chiton : Internal organs
1. Buccal mass; 2. Oesophagus. 3. Stomach; 4. Dorsal biood vessel; 5. Kidney; 6. Intestine; 7. Liver;
8. Gonad; 9. Auricle; 10. Ventricle; 11. Rectum and’12. Anus.

Fig. 17B. Chiton : Nervous system
1. Mouth; 2. Buccal commissurc; 3. Subradular commissure; 4. Gills; 5. Anus; 6. Pallio visceral nerve cord;
7. Pedal nerve cord and 8. Cerebral commissure.
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into a median and two lateral triangles by the presence 6f a diagonal line or rib. The median and
lateral triangles bear distinct sculpture. The girdle encircles the shell valves and varies in width
in different families. Dorsally it may bear calcareous spines, spicules or scales.

The arrangement, number and size of the gills are useful in the identification of species.
These are arranged in a longitudinal row in the pallial groove. These may extend from the
anterior to the posterior end or may be restricted to the posterior region only. The former condition
is described as holobranchial and the latter as merobranchial. The size may increase from
anterior to posterior end and the two rows of gills on either side may be separated from
each other and the anus by a space. In some, the gills-may decrease in size towards the posterior
end. The former arrangement is described .as abanal and the latter adanal. The presence or
absence of space in relation to anus is described as ababal with interspace and adabal without
interspace.

There has been some consistency in the classification of class Polyplacophora, although
with slight variations above the family level. Boss (1982) classified all the living chitons under
the subclass Neoloricata and divided it into three orders, namely Lepidopleurida (3 families),
Ischnochitonida (9 families) and Acanthochitonida (1 family). Kaas and Van Belle (1985), in
their revision of chitons, relegated Neoloricata to the level of an order and the three orders
mentioned above to suborders. We have followed the latter in the present treatment and all the
three suborders are represented in India.

Key to families

1. Insertion plates absent, or when present not slit into teeth ....... LEPTOCHITONIDAE*

— Insertion plates present on all ValVeS .......cccceiiiieeviieeneinneecceeesre e 2
2. Insertion plates finely grooved on the outside .......ccccceeverevuervercreeniennnnen. CHITONIDAE
— Insertion plates not grooved but with variable number of slits .........cccceeerevienerennnnne. 3

3. Girdle with specialised tufts of spinelets but never scaly, gills not extending the full
length of the fOOt .......cceeveviricieicriicie et e, ACANTHOCHITONIDAE

— Girdle smooth to spinose but not arranged in tufts .......cccceouevveeniiriiicenreenecceneecee, 4

4. Insertion plates sharp edged with several slits, girdle scaly or hairy...ISCHNOCHITONIDAE

— Insertion plates thick, with a few slits, girdle with setae or scaly ........ccccceeeuvrecrveennnenns 5

5. Insertion plates thick, with a few slits, girdle hairy or bristles of varying lengths, but

never with scales, Without €Yes .......cccccveeeeeniieniienieenieceiecre e MOPALIIDAE
— Insertion plates with 6-10 slits, rows of large eyes along the ribs of valves, girdle with
SCANES ettt ettt SCHIZOCHITONIDAE *

* Not dealt in this book
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Order NEOLORICATA
Suborder ISCHNOCHITONINA
Family CHITONIDAE

Animals small to large, sometimes attain about 100 mm length, sculptured with concentric
or radial ribs, valves with or without true eyes, sutural plates separated by a sinus that has
notches along the edge, insertion teeth pectinate, i.e. subdivided into smaller teeth, valve second
to seventh with one or three slits, and with well developed apophyses, girdle naked and
leathery, or has well developed, solid, rounded and closely overlapped scales, or with spines or
spicules.

There are numerous species in tropical and subtropical waters. Three genera and about eight
species are reported from India. Only those species, for which collections are available, are
treated in this book. Tonicia fortilirata (Reeve) was reported from Krusadai Island, but in the
absence of any material we are unable to establish the status of the species.

Seven species of the genus Chiton were reported from India but only four for which collections
available are dealt here.

Chiton granoradiatus Leloup, 1937
(Fig. 19.1)

Shell small, up to 30 mm in length, yellowish with brown tinge, sides of plates stretched out
and gradually sloping down. Girdle whitish, leathery with numerous small, oval, and slightly
convex, milky-white tubercle-like imbricating scales. Head valve slightly larger than the tail
valve, and bears about forty regular, close-set, slightly flattened and finely granulose radiating
riblets with narrow interstices between them. Tail valve slightly concave, bearing lesser number
of riblets (about thirty) than the head valve, mucro or beak median, anterior end depressed.
Intermediate valves with well demarcated median and lateral areas, the former bears about
eighteen to twenty regular, well arranged short, broad, prominent, close-set and finely granulose
longitudinal riblets running parallel to the jugum; lateral areas raised and look like isosceles
triangles, each bearing five to seven very large, broad, flattened, rather distantly placed, finely
and profusely granulose and anastamosing radiating fidges or costae, interstices slightly wide
and shallow.

India : Maharashtra : Bombay; Tamil Nadu : Tuticorin; Andhra Pradesh : Visakhapatnam;
Andaman and Nicobar Islands, attached to rocks in the intertidal region.

Spawning behaviour of the species was studied in laboratory (Nagabhushanam and Murti,
1969). Spawning extended from March to July. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>