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Foreword

Central Marine Fisheries Research Institute (CMFRI), Kochi along with CIFE, Mumbai and CIFA, Bhubaneswar
within the Indian Council of Agricultural Research (ICAR) and Department of Biotechnology of Government
of India organized a series of training programs entitled “DBT sponsored Three Months National Training in
Molecular Biology and Biotechnology for Fisheries Professionals”. The scope of this training is to promote
development of trained human resource for application of molecular tools to research problems in fisheries
and aquaculture, to help them adapt to such facilities and work programs and to include analyses that comply
with worldwide regulatory acts in the field of biotechnology.

At present, mostly traditional methods are being used in the fisheries sector and only a few researchers are
applying molecular methodologies. The emphasis of this training program is to enhance the capabilities of
research personnel already employed in fisheries Institutes, Universities and Colleges, but working in the area
of marine biology/fisheries/aquaculture. The contents of this training course are intended to teach molecular
techniques to laboratory personnel with a good level of analytical knowledge, but with no or little expertise
in this specific domain.

The 3 months training program comprises of theory classes with hands-on practical sessions and research
work. All basic molecular biology, genetic engineering and molecular genetics techniques are included in
the course along with their applications in various aspects of aquaculture and fisheries. Each institute offers
specialized modules based on areas of expertise. The course content at CMFRI is designed to cover all kinds of
applications of molecular methods in fisheries. The emphasis is on hands-on experience and skill development
of the participants. Technical details were provided to trainees as oral presentations and brief written outlines.
Aware of the need for a permanent source of information, the Marine Biotechnology Division of CMFRI
developed this manual as background information for course participants and is intended to provide the
theoretical and practical information on methodologies and protocols currently used, which describes some
of the techniques used in our laboratory.

It is our hope that the structure and content of this manual will help course participants (as well as other users)
in the diffusion and dissemination of the acquired skills in the context of the different working environments
according to needs. This manual aims to complement existing information in the specialised literature.

Dr. P. Vijayagopal supervised the preparation of this manual and the contributors are mentioned in the Table of
contents. A special recognition and acknowledgment to all personnel who, even not individually mentioned,
contributed to the successful preparation of the manual. Thanks are also extended to Dr. Reynold Peter, Ms.
Adithya C. and Ms. Swetha Damodharan P.V. for their support for the preparation of this manual.

Dr. A. Gopalakrishnan
Director, CMFRI
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Introduction to Marine Biodiversity
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K. K. Joshi

Principal Scientist & Head
Marine Biodiversity Division, CMFRI, Kochi
e-mail:;joshyguru@gmail.com

Introduction

The Convention on Biological Diversity (CBD) defined
biodiversity as being the variability among living
organisms from all sources including, among others,
terrestrial, marine and other aquatic ecosystems and
the ecological complexes of which they are part; this
includes diversity within species, between species and
of ecosystems.

An ecosystem is a dynamic complex community
of plant, animal, microorganism and the non-
living environment interacting as a functional unit.
Biological components are crucial in proper ecosystem
functioning, which provides essential ecosystem
services to human beings. Ecosystem diversity is the
variation of different biological communities and their
interaction with the biotic and abiotic environment.

Biological diversity comprises species, genetic and
ecosystem diversity. Species diversity is the diversity of
all the species on earth from single celled bacteria and
protists to the species of the multicellular kingdom.
Diversity in species shows the variation of species
due to evolutionary and ecological adaptations
of the species to the entire geographical range.
Genetic diversity is the variation within species due
to geographical separation and intraspecific variation
within the population.

Ecosystem services from Marine
and Coastal Ecosystems

Marine ecosystems provide a wide variety of services
to nature which is essential for the well-being of
the human population. The ecosystem services
are classified into four i.e. provisioning services,
regulating services, supporting services and cultural

and amenity services. Provisioning services means
the products obtained from ecosystem in the form
of food, natural products, fuel wood, medicines,
genetic and ornamental resources, energy resources,
and product from bioprospecting. Regulating services
include the shoreline stabilization, flood prevention,
storm protection, climate regulation, hydrological
services, nutrient regulation, carbon sequestration,
detoxification of polluted waters and waste disposal.
Supporting services are mainly the habitat provision,
nutrient cycling, migration, seed dispersal, primary
productivity and soil formation. Cultural and amenity
services include the culture, tourism and recreation.

Provisioning services

Food provisioning in the form of fish landings and
aquaculture products is one of the most important
services obtained from the marine ecosystems.
Mangroves are important in supporting fisheries
due to their function as fish nurseries. Mangroves
help to increase fish production in the inshore
waters near to it. Coral reefs also provide services
like protection of breeders and larvae for the better
survival and recruitment success of the resources. They
form an important source of fisheries products for
coastal residents and export markets. The coral reefs
of the Gulf of Mannar, Andaman Nicobar Islands,
Lakshadweep Islands and Gulf of Kutch contribute
substantially to the total marine finfish catch of India.
Other ecosystems like rocky intertidal, near shore
mudflats, seagrass beds, mud bank areas, seamounts,
brackish water, lagoons, estuaries, marshy areas and
beaches also helps in the production of fish as food
in one way or another.

The total marine fish landings from India were
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estimated at 3.63 million tonnes during 2016.
Fisheries sector plays an important role in the Indian
Economy, contributing about 1% to the national
GDP. The sector provides livelihood to about 4
million fisher folk population along the coastal
line of 8129 Km. The value of total marine fish
landings at landing center level was estimated at Rs.
48381 crore during 2016. Since 1950 the marine
fish production in India has gradually increased
from mere 5.8 lakh tonnes (1950) to 3.63 million
tonnes (2016) showing six fold increase. History of
the development of the Indian fisheries sector has
gone through three phases. First phase (>1965)
is characterized by non-mechanized indigenous
crafts and gears and the landings remained
below one million tonnes during this phase.
Second phase (1965-1985) showed an increase
in the mechanization of crafts, use of advanced
gear materials, introduction of motorization of
traditional crafts, and expansion of export trade.
Third phase (1986-2015) is featured intensification
of mechanization, motorization of traditional
crafts, multi-day and multi-gear stay over fishing
and introduction of deep sea fishing. A total of
about 2000 marine species is caught from the
Indian seas. They are categorized into 29 resource
groups. Out of the 26 groups studied by CMFRI,
20 were found to be under the abundant category,
four under less abundant category and one each
under declining, depleted and collapsed category.
Elasmobranchs, threadfins, ribbonfishes, mullets
and flatfishes are the four resource groups falling
under less abundant category. Big-jawed jumper
falls under declining category, flying fishes under
depleted category and unicorn cod is the one that
falls under collapsed category (Sathianandan et al.,
2011). Many of the marine and coastal ecosystems
provide coastal communities with construction
materials and building materials from the mining
of coral reefs. Mangroves provide coastal and
Island community with building materials for
boat construction.

According to Marine Products Export Development
Authority export of marine products from India
reached an all-time high of Rs. 30213 crores for
quantity of 9.8 lakh tonnes (2014). Among the
products exported, shrimp product formed the major

share about 3.0 lakh tonnes which forms about
64% of the total value realized. Increased export
demand often leads to expansion of mariculture
practices. Coastal areas provide the foundation for
the marketers which produce fisheries products
from prawn, crab and fish. The factors affecting
the marine fish production are the overexploitation,
species extinctions and use of destructive methods
of fishing. The proportion of marine fish stock s that
are over exploited and depleted are increasing over
the last 30 years. It is reported that 133 extinctions
of regional and global marine species occurred over
the last 30 years. The major cause of the extinction
was overexploitation (55%) and rest of habitat loss
and other reasons.

Bio prospecting is the exploration of biodiversity for
new biological resources of social and economic value.
It yielded several products from species in marine
and coastal ecosystems. Coral reefs are important
reservoirs of natural bioactive products many of which
exhibit structural features not found in the terrestrial
natural products. The pharmaceutical industry has
discovered several potentially useful substances
among sponges, jellyfish and Mollusca.

Regulating services

Regulating services are the benefits people obtained
from the regulation of ecosystem processes, including
air quality maintenance, erosion control, regulation
of human diseases and water purification. The
mangroves, sea grass, coral reefs, rocky intertidal,
mudflats, and deltas play key role in shoreline
stabilization, protection from storms, floods and soil
erosion, processing pollutants and stabilizing land
in the event sea level rise. Mangroves have great
capacity to absorb heavy metals and other toxic
substances, coral reefs buffer land from storms and
prevent beach erosion. Estuaries, lagoons, marshes,
brackish water areas play a key role in maintaining
hydrological balance and filtering water of pollutants.
Marine ecosystems play significant roles in climate
regulation. CO, is continuously exchanged between
the atmosphere and ocean; it dissolves in surface
waters and is then transported to the deep ocean.
Marine plants fix CO, during photosynthesis in the
ocean and return it via respiration.



Supporting Services

Many species use coastal areas like estuaries,
mangroves, sea grasses as nurseries. Estuaries are
particularly important as nursery areas for fisheries
and other species and they form one of the strongest
linkages between coastal, marine and freshwater
ecosystems and the ecosystem services they provide.
The success of the prawn fishery mainly depends
on the migration of prawns through the estuary.
Mangroves provide nursery for many species as
well as give links to sea grass beds with associated
coral reefs. Decline in the area of mangroves can
interrupt these linkages and cause biodiversity loss
which results in lower productivity from the reef
and sea grass beds.

Sea grasses are important in providing nursery
areas and it provides habitat for coral reef fishes
and invertebrates. It is an important source of food
for many species of coastal and marine species. Sea
horses, sea cow, and turtles are the species associated
with sea grass beds. Kelp beds and other Macro
algae provide nursery habitat for some species. They
support many fish species and invertebrates like sea
urchins. Estuaries provide a range of habitats to
sustain diverse flora and fauna. There are many
more estuarine dependent species than estuarine
resident species. Mudflats are also critical habitat for
migrating shorebirds and many marine organisms
including the commercially important clam species.
Sea mounts forms another important habitat
provides nursery to several species of fishes. All of
the these ecosystems the beaches, sandy shores,
dune systems, salt marshes, estuaries, and mudflats
provide feeding and nesting habitats to numerous
species of birds, fishes, molluscs, crustaceans, and
other organisms.

Cultural and Amenity Services

Cultural services include tourism and recreation,
aesthetic and spiritual services, traditional knowledge
and education and research services. Most important
cultural services provided by coastal and marine
ecosystems are tourism and recreation. Natural
amenities are highly valued by people and contribute
to human welfare, thus providing significant economic

value. Stretches of beach, rocky cliffs, estuarine and
coastal marine waterway are the places where people
make frequent visits for sightseeing and recreation.
Some species are of considerable cultural importance,
for example cultural significance of Turbinella pyrum
(Sacred Chank) as it is used temples and bangle
industry. The sea shores are also of great spiritual
importance as so many temples are situated along the
coast. Marine and coastal ecosystems are areas that
received attention through research. Rocky intertidal
habitats main focus of research and provided some
of the foundation principles of ecology.

Status of Marine Resources

The ecosystem goods and services provided by
the fauna and flora and the interrelationship
between the biodiversity and ecological processes
are the fundamental issues in the sustainability
and the equilibrium of the ecosystem. Ecosystem
goods from the marine realm included the fin
fishes, crustaceans, mollucans and seaweeds.
The important flora and fauna falling to the two
major kingdoms such as Animal and Plant kingdom
recorded from the Indian region and their present
status are discussed below.

Kingdom: Plantae

Mangroves: Mangroves trees up to medium size and
shrubs that grow in saline coastal sediment habitats
in the tropics and subtropics. Asia has the largest
amount (42%) of the world’s mangroves (Kathiresan
and Rajendran, 2005).

Seagrasses: Sea grasses are flowering plants from
one of four plant families (Posidoniaceae, Zosteraceae,
Hydrocharitaceae, or Cymodoceaceae), all in the order
Alismatales grow in marine fully saline environments.
A total of 14 species of sea grasses in six genera
is reported from Indian seas (Venkataraman and
Wafer, 2005).

Macro algae (Sea weeds): Sea weeds are large
multicellular plants that resemble vascular plants
but lack the complex array of tissues used for
reproduction and water transport. They are found in
red (Rhodophyta), green (Chlorophyta) and brown
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(Phaeophyta) divisions. A total of 1010 species of macro
algae has been reported from India. They are most
abundant along the Gujarat, Kerala and TamilNadu
coasts and around the Andaman and Lakshadweep
Islands. A large number of seaweed species known
from the Indian seas are edible and serve various
industrial purposes. The edible seaweeds are known
to be rich in protein (20 to 25%) Carbohydrates (16
to 24%), lipids (6 to 11%) vitamins and amino acids.

Kingdom: Animalia

Phylum: Porifera (Sponges)

Sponges are multicellular organisms which have
bodies have pores and channels, allowing water
to circulate through them, consisting of jellylike
mesohyl sandwiched between two thin layers of
cells. About 519 species of sponges are known to
occur in the Indian seas. About 34 species of coral
boring sponges have been reported from the Gulf of
Mannar and Island system of India (Thomas, 1996
a).Sponges are the major components of the benthic
fauna and are distributed from the intertidal to the
hadal depths and are a potential source of many new
bioactive compounds. In India out knowledge of the
identity, biology, availability, population structure and
possibilities of commercial exploitation of sponges is
meagre and requires prioritization.

Ctenophora (Comb jellies): Ctenophora are live in
marine waters and distinctive feature is the groups
of cilia (comb) they use for swimming. They are the
largest animals that swim by means of cilia. A total of
20 species of comb jellies has been reported from India.

Phylum: Cnidaria
Class: Scyphozoa (True jellyfish)

Scyphozoa is referred as the true jellyfish. Their
stings may cause skin rashes, muscle cramps, or even
death. A total of 30 species of Scyphozoans has been
reported from India.

Class: Hydrozoa (Jelly fish)

Hydrozoans are small, predatory animals, some solitary
and some colonial, and marine. The colonies are large,
and in some cases the specialized individual animals

cannot survive outside the colony. The Portuguese
Man of War (Physalia physalis) and Crambionella
stulhamani are important jelly fish species. About
116 species of hydrozoans belonging to 13 families
have been reported from India.

Class: Anthozoa

Octocorallia (Soft corals): Octocorallia is belonging
to the subclass of Anthozoa. It includes the blue
coral, soft corals, sea pens and gorgonians (sea fans
and sea whips) within three orders: Alcyonacea,
Helioporacea, and Pennatulacea. Their life cycle
includes a motile phase as plankton and later a
sessile phase. About 300 species of soft corals have
been reported from India. Gorgonids are abundant
in the Gulf of Mannar and distributed almost all
along the Indian coasts including Andaman Sea.
About 22 species belonging to 7 families and 15
genera were reported from India (Thomas, 1996
b). The biomedical versatility of the gorgonids,
popularly known as the sea fans, attracted great
attention to this resource. The four species which
have already shown symptoms of depletion include
Echinomuricea indica, Heterogorgia flabellum,
Echinogorgia complexa and Gorgonella umbraculum
(Thomas and Ranimary George, 1987).

Ceriantharia (Tube - dwelling anemones):
Tube-dwelling anemones, which are similar to sea
anemones, but belong to the subclass of anthozoans.
They are solitary, living buried in soft sediments.
Tube anemones live and can withdraw into tubes,
which are made of a fibrous material, which is made
from secreted mucus and threads of nematocyst
like organelles known as ptychocysts. The diversity
included about 20 species in India.

Actiniaria (Sea anemones): The Actiniaria belongs
to the class Anthozoa which includes the true sea
anemones. They are water-dwelling, predatory
animals. They have large polyps that allow for
digestion of larger prey and also lack a medusa stage.
They are related to corals, jellyfish, tube-dwelling
anemones, and Hydra. Sea anemone Heteractis
magnifica Quoy and Gairmad, 1833 is associated
with clown fish. Actiniarian diversity included about
30 species in India.



Corallimorpharia (Coral anemones):
Corallimorpharia is closely related to the true sea
anemones (Actiniaria). The tentacles are usually short
and arranged in rows radiating from the mouth.
They resemble the stony corals, except for the
absence of a stony skeleton. They occur in a wide
range of marine habitats, and are associated with
phase shifts in coral reefs that change from hard-
coral dominated to soft-coral dominated. Diversity
of Corallimorpharia includes about 10 species along
the Indian coast.

Zoanthidea (Mat anemones): Zoanthids are
commonly found in coral reefs, the deep sea and
many other marine environments around the world.
They may be in the form individual polyps, attached
by a fleshy stolon or a mat that can be created from
small pieces of sediment, sand and rock. A total of 8
species of Zoanthids has been reported from India.

Scleractinia (Reef building corals): Scleractinia are
marine corals that form a hard skeleton. Most of the
modern coral reefs are formed by scleractinians. About
200 species Scleractinia from the diversity of India
(Pillai, 1996).

Antipatharia (Black corals): Black corals are tree-
like corals related to sea anemones and found in
deeper depths. There are about 230 known species
of black corals in 42 genera of this 10 species occur
in India (Pillai, 1996). Though black coral's living
tissue is brilliantly coloured, it takes its name from the
distinctive black or dark brown colour of its skeleton.

Phylum: Platyhelminthes
(Flat worms)

Platyhelminthes are bilaterally symmetrical,
unsegmented, soft-bodied invertebrate wormes.
They don‘t have body cavity, and circulatory and
respiratory systems, which made them to in a
flattened shape. The digestive cavity has only one
opening for both the ingestion and evection as a
result; the food cannot be processed continuously.
About 100 species of flatworms have been reported
from India. Research on the Platy helminthes of
India is less as compared to the Annelids of India
(Venkataraman and Wafer, 2005).

Phylum: Echiura (Spoon worms)

The Echiura are a small group of marine animals.
They lack the segmented structure found in other
Annelids of this group. Recent studies show they
may be included in the phylum Annelida. About
43 species under 14 genera have been reported
from India.

Phylum: Sipuncula (Peanut worms)

The Sipuncula are bilaterally symmetrical worms
and contains about 144-320 species. They live in
shallow waters, either in burrows or in discarded
as molluscan shells. Some bore into solid rocks to
make a shelter for themselves. About 35 species under
10 genera have been reported from India. They are
concentrated mainly along the Andaman and Nicobar
Islands, Lakshadweep Islands, Gulf of Mannar and
Gulf of Kutch.

Phylum: Annelida

Class: Polychaeta (Clam worms)

The Polychaeta are generally marine, and belong
to phylum Annelida. The body has a pair of fleshy
protrusions called parapodia that bear many bristles,
called chaetae, which are made of chitin. The annelid
worm diversity includes about 300 species in India
(Venkataraman and Wafer, 2005).

Class: Clitella

Oligochaeta (Earthworms): The Oligochaeta is
different types of aquatic and terrestrial worms.
Earthworms are semi aquatic or fully aquatic. There
are several interstitial marine worms. About 10 species
reported from India.

Phylum: Nemertea (Ribbon worms)

Nemertea (Nemertini, Nemertinea, Rhynchocoela) is
a group of invertebrate animals and known as
ribbon worms or proboscis worms. They have an
unsegmented body, thin and elongated with no
differentiated head. Ribbon worm diversity includes
about 60 species in India.
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Phylum: Arthopoda
Subphylum: Chelicerata

Class: Merostomata

Horseshoe crab: Horseshoe crab belonging to
the family Limulidae and known as Living Fossil
because their origin is 450 million years ago. The
marine king crab of the species Tachypleus gigas and
Carcnoscorpius rotundicauda occurs in the deltaic
regions of Ganges and Mahanadi along the northeast
coast. They are considered as living fossil and hence
care should be taken to preserve them in the nature.
Recently because of biotic interference there has been
a decline in the numbers of these animals in Orissa.
The chemical reagent lysat is produced from the blood
of this crab. This medicine has got a wide usage in
the treatment of several diseases.

Subphylum: Crustacea

India is endowed with rich diversity of crustaceans
and several of them supporting commercial fisheries
since ancient times.

Class: Maxillopoda

Cirripedia (Barnacles): They have a calcareous shell
composed of several pieces. They are known as curl
footed because of their curved legs. A total of 36
species of cirripedia have been reported from India.

Class: Malacostraca
Order: Amphipoda (Land hoppers)

Amphipoda is have no carapace and generally with
laterally compressed bodies. Amphipods range
in size from 1 to 340 millimeters and are mostly
detritivorus or scavengers. They live in marine aquatic
environments. A total of 132 species of Amphipods
belonging to 54 genera has been reported from India.

Order: Isopoda (Pill bugs, sow bugs)

The Isopoda are small crustaceans with seven
pairs of legs in the size of above 300 micrometers.
They have dorso-ventrally, flattened body, without
carapace. There are about 33 species belonging to
13 genera have been reported from India.

Order: Stomatopoda (Mantis shrimp)

Stomatopods are marine crustaceans and they
occur in a variety of different colours, from
shades of browns to bright neon colours. These
aggressive and typically solitary sea creatures spend
most of their time hiding in rock formations or
burrowing indicate passageways in the sea bed.
Unlike most crustaceans, stomatopods hunt, chase,
and kill their prey. Most species live in tropical
and subtropical seas, although some live in
temperate seas. The stomatopod diversity includes
about 30 species along the Indian coast.

Order: Decapoda

Dendrobranchiata (Shrimp, prawns): Dendro-
branchiata are decapod crustaceans, known as
shrimp or prawns. There are 540 extant species in
seven families. They differ from related animals, such
as Caridea and Stenopodidea, from the branching
form of the gills and by the fact that they do not
brood their eggs, but release them directly into the
water. They are widely fished and farmed for human
consumption. About 10 species have contributed to
the diversity in India.

Caridea (Caridean shrimp): The Caridean shrimp is
an infraorder of shrimp within the order Decapoda.
They are found widely around the world in both
fresh and salt water. Carideans are found in every
kind of aquatic habitat, with the majority of species
being marine. About 150 specimens included in the
caridean shrimp diversity of India.

Palinura (Lobsters): Lobsters have a cylindrical, sub
ovoid or dorso-ventrally compressed carapace and
flattened abdomen. The group includes the spiny
lobsters and slipper lobsters. The abdomen is flattened.

Thalassinidea (Ghost shrimps, mud shrimps):
Thalassinidea include crustaceans, which live in burrows
in muddy bottoms of the sea. Thalassinids typically live
in deep and sometimes complex burrows. Shallow
water local species typically remain deep in the burrow
and suspension feed (filtering plankton and organic
particles from the water) by beating their pleopods to
create a current. About 20 species of Thalassinides has



been reported from the Indian Ocean.

Anomura (Hermit crabs, sand crabs): Anomura
is a group of decapod crustaceans, including hermit
crabs and others. All true crabs are in the sister group
to the Anomura. A total of 20 species Anomuran
crabs has been reported from India.

Brachyura (Crabs): Crabs are decapod crustaceans
with a typically very short tail, usually entirely hidden
under the thorax. A total of 250 species of crabs has
been reported from Indian coast.

Phylum: Mollusca

Molluscs in general had a tremendous impact on
Indian tradition and economy and were popular
among the common man as ornaments, currency,
as a part of spiritual activities even at the inception
of human culture and civilization. A total of 3271
species of molluscs distributed among 220 families
and 591 genera, of which 1900 are gastropods, 1100
bivalves, 210 cephalopods, 41 polyplacophora and
20 scaphopods. Among these 8 species of oysters, 2
species of mussels, 17 species of clams, 3 species of
pearl oysters, 3 species of giant clams, 1 species of
windowpane oyster and gastropods such as Sacred
Chank, Trochus, Turbo and 15 species of Cephalopods
are exploited from the Marine sector of India. The
species like Cassis cornuta, Charonia tritonis, Conus
milneedwardsi, Cypraecassis rufa, Nautilus pompilius,
Hippopus hippopus, Tridacna maxima, Tridacna
squamosa etc. are the some of the molluscs protected
under the Wildlife (Protection) Act, 1972 Schedule I.

Phylum: Echinodermata

Class: Echinoidea (Sea urchin)

Sea urchins move slowly, feeding mostly on algae. Sea
otters, wolf eels, triggerfish, and other predators feed
on them. A total of 60 species of sea urchins was
showed occurrence in the Indian seas.

Class: Holothuroidea (Sea cucumbers)

Total number of holothurians species is 1,250 in
the world and maximum number being in the
Asia Pacific region. Many of these are utilized for

human consumption and some species are used in
aquaculture systems. Sea cucumbers serve a useful
purpose in the marine ecosystem as they help
recycle nutrients, breaking down detritus and other
organic matter after which bacteria can continue
the degradation process. About 150 species of sea
cucumber have been reported from India. About 12
species of sea cucumber are economically important
and have commercial value (James, 1996).

Class: Asteriodea (Starfish)

Starfish is among the most familiar and diverse group
of marine invertebrates. They have a central disc and
five arms, and some species have more than five arms.
The ochre sea star (Pisaster ochraceus) and the reef
sea star (Stichaster australis) are widely known as
examples of the keystone species concept in ecology.
A total of 180 species of starfishes belonging to 81
genera have been reported from India.

Class: Ophiuroidea (Brittle stars)

They have a disk and generally have five long, slender,
whip-like arms which may reach up to 60 centimeters
in length on the largest specimens. A total of 150
species of brittle stars belonging to 79 genera have
been reported from India.

Class: Crinoidea (Sea lilies)

They live both in shallow water and in depths up
to 6,000 meters. Sea lilies in their adult form are
attached to the sea bottom by a stalk. They have
a mouth on the top surface that is surrounded by
feeding arms. Crinoids usually have a stem used to
attach them to a substrate, but many live attached
only as juveniles and become free-swimming as
adults. A total of 95 species belonging to 43 genera
have been reported from India.

Phylum: Phoronida
(Horseshoe worms)

They live in most of the oceans and seas, including the
Arctic Ocean but excluding the Antarctic Ocean, and
between the intertidal zone and about 400 meters down.
About 5 species of phoronids were reported from India.
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Phylum: Brachiopoda (Lamp shells)

They have hard shells on the upper and lower
surfaces, unlike the left and right arrangement
in bivalve molluscs. There are two types are
recognized, articulate and inarticulate. Articulate
brachiopods have toothed hinges and simple opening
and closing muscles, while inarticulate brachiopods
have untoothed hinges and a more complex system of
muscles used to keep the two halves aligned. About
5 species of Brachiopods were found in India.

Phylum: Bryozoa (Moss animals)

They are known as Polyzoa, Ectoprocta or moss
animals are aquatic invertebrate animals. Size range
from 0.5 millimeters long, and are filter feeders. Over
4,000 living species are known. One genus is solitary
and the rest colonial. There is a rich biodiversity in India
with about 500 species are reported so far. Several
collections and descriptions in the past, enriched the
knowledge about the Bryozoans occurring along the
Indian coast (Venkataraman and Wafer, 2005).

Phylum: Hemichordata
(Acorn worms)

Acorn worms are solitary live in burrows and are
deposit feeders, and species are filter feeders. About
12 species of hemichordates have been reported
from India as compared to global species of 102.
The balanoglossus, Phychodera fluva is a unique living
fossil that links vertebrates and invertebrates occurs
in the Gulf of Mannar area of India.

Phylum: Chaetognatha
(Arrow worms)

Arrow worms are predatory marine worms that
form a major component of plankton worldwide.
About 20% of species are benthic, and can attach
to algae and rocks. They range in size from 2 to 120
millimeters. A total of 30 species have been reported
from India. They are abundant all along the Indian
coast. Extensive studies along the Malabar Coast,
Vishakhapatnam Coast, Andhra coast revealed
the presence of 30 species occurring in India
(Venkataraman and Wafer, 2005).

Phylum: Chordata

Class: Thaliacea (Pelagic tunicates)

Thaliaceans are free-floating for their entire lifespan.
They include both solitary and colonial species.
Thaliaceans have 30% carbon by mass. Therefore,
their dense bodies sink to the bottom of the oceans
when they die and this may be a major part of the
worldwide carbon cycle. A total of 40 species was
reported from India.

Class: Ascidiacea (Sea squirts)

Ascidians are found all over the world, usually
in shallow water with salinities over 2.5% the
members of the Thaliacea and Larvacea swim
freely like plankton, sea squirts are sessile animals.
A total of 50 species belonging 21 genera have
been reported from India against 2000 species of
Asidian in the world.

Class: Pisces

Elasmobranchs: The elasmobranchs consists of
sharks, sawfishes, rays, skates and guitar fishes.
The protected elasmobranchs as per the Wildlife
(Protection) Act, 1972, Schedule | are Rhincodon typus
(Whale shark), Anoxyprisits cuspidate (Pointed saw
fish), Prisitis microdon (Large tooth sawfish), Prisitis
zijsron (Long comb sawfish), Carcharhinus hemiodon
(Pondicherry shark), Glyphis gangeticus (Ganges shark),
Glyphis glyphis (Speer tooth shark), Himantura fluviatilis
(Gangetic sting ray), Rhyncobatus djiddensis (Giant
guitarfish) and Urogymnus asperimus (Thorny ray).

Ornamental fish: The Gulf of Mannar, Palk bay, Gulf
of Kutch, South West coast and the Lakshadweep
and Andaman group of Islands are known to be
rich in Ornamental fishery. The Wrasses, damsel fish,
Surgeon, Butterfly fish, Moorish idol, Squirrel fish,
Trigger fish, Rabbit fish, Parrot fish, Angels, Goat
fish and Puffer fish are the major aquarium fishes
represented by about 180 species (Murty et al., 1989;
Murty, 2002. CITES have listed all the sea horse in
the Appendix | to stop the trade of these organisms.
Indian wild Life Act 2002 also protects the sea horse
by putting them in Schedule list I. Dried sea horse
has got a high demand in Singapore and China for
making soup and for medicinal purposes.



Class: Reptilia

Marine reptiles: Marine reptiles are air-breathing,
ectothermic, poikilothermic vertebrates. Their skin is
covered with dry scales and lays their egg on land.
Out of the 700 living species only few species of
snakes, turtles, and crocodiles are seen in the ocean.

Order: Chelonia

Sea Turtles: Five species of sea turtles were reported
in India which include, Olive Ridley (Lepidochelys
olivacea) Green Turtle (Chelonia mydas), Leather back
(Dermocheylus olivacea), Hawksbill (Eretmocheylus
imbricate) and Logger head (Caretta caretta). Green
turtles (Chelone mydas) are found in coastal water
and feed mainly as sea grasses and sea weeds. The
hawksbill turtle (Erectmochelys imbricata) feed on
encrusting animals like sponges, sea quirts, barnacles
and sea weeds. The largest sea turtle the leather back
(Dermocheylus coriacea) have a series of shells and
an oceanic species. They have scissor-like jaws for
capturing and they feed on jelly fish. Other species
feed on soft, bottom invertebrates like sponges,
soft corals, jelly fishes and crabs. Prey-predator
relationship in the ecosystem is one of the important
factors in limiting as well as proliferation of organisms
due to the decline of the one of the components
in the trophic relations (Joshi, 2012). All species of
marine turtles are in the endangered category, and
are therefore, protected under the Indian Wildlife
Act, 1972.

Order: Squamata

Sea snakes: Sea snakes occur in the tropical and
sub-tropical waters of the Indian Ocean from the
east coast of Africa to Australia. They occur in
shallow coastal waters, estuary, lakes and fresh
water in the rivers away from the sea. They feed
on fish, fish eggs, crustacean and tuna. The genus
Laticauda is oviparous and all other sea snakes
are viviparous. The Sea snake bite is dangerous
and it is neurotoxic like terrestrial snakes like krait
and cobra. There are about 80 species, sea snakes
belonging to three families inhabiting the world
oceans and estuaries. In Indian waters, about 22
species of marine snakes belonging to three families
have been documented.

Order: Crocodilia

Salt water crocodiles: Salt water crocodile, Crocodylus
porosus (Schneider, 1801) is the largest reptile in the
present world with about six meter lengths and up
to one metric ton weight. They can live in saltwater,
but usually occurs in mangrove swamps, estuaries,
deltas, lagoons and lower stretches of rivers. The
species is endangered due to hunting, loss of habitat
and breeding sites. Marsh crocodile or Indian swamp
crocodile is Crocodylus palustris (Lesson, 1831) found
in rivers, swamps, lakes and saltwater lagoon. Indian
Gharial is Garialis gangeticus (Gmelin, 1789) are found
mainly in river Ganga, Brahma putra and Mahanadi.

Class: Aves

Sea birds: Sea birds are long lived, with very low
natural mortality. These biological traits and human
induced adult mortality potentially damaging
population decreases and collapse of the population.
Ecosystem services that birds provide are mainly
indirect and supporting services. It includes trophic
effects, seed dispersal, nutrient cycling, aesthetics,
and recreation. Also most of the tropical sea bird
species feed in association with tuna stocks which
derive their prey to the surface, thereby bringing
within the reach of the sea birds. The depletion of
the tuna stocks could therefore have impacts on
their dependent species like sea birds. The cascade
effects of reduce tuna or shark on the ecosystem are
not known.

Common birds are Grey heron (Ardea cinerea),
Pond heron (Ardeola grayii), Large erget (Egretta
alba), Little erget (E. garzetta), Painted stork (/bis
leucocephalus), Spoon bill (Platalea leucocordia),
Flamingo (Phoenicopterus roseus), Parian kite (Milvus
nigrans), Golden plover (Pluvuailis dominica), Black
headed Gull (Larus ridibundus), Gull billed Tern
(Geolchelidon nilotica), Caspian tern (Hydroprogne
caspia), Little tern (Sterma abilfrons) and Sandwich tern
and (Sterna sandvicensis), Three species of Albatross
are endangered (IUCN) two species near threatened
and one is critically endangered (IUCN). Sea birds
occur along the Gulf of Kutch, Gulf of Mannar, Chilka
Lake, Coringa Wild life Sanctuary and the Sundarbans,
Islands of Laccadive such as Pitti and Batapari are the
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colonies of sea birds. Sundarbans is important staging
and wintering area of gulls and terns.

Class: Mammalia

Dolphins: The species diversity of dolphins in India
is one among the richest in the world. A total of
five species, dolphins was recorded from our seas.
Important species are Stenella longirostris (Spinner
dolphin), Sousa chinensis (Humpback dolphin),
Delphinus delphis (Common dolphin), Tursiops
truncatus (Bottlenose dolphin) and Risso’s dolphin
(Grampus griseus).

Whales: Whales constitute the most dominant groups
of marine mammals. They usually occupy in the
temperate and polar oceanic waters, they migrate
to tropical waters for breeding and avoid extreme
climatic conditions during certain seasons. Whales
are classified into Odontoceti (toothed whales) and
mysticeti (baleen whales). All the Cetaceans are
included in the list of protected animals. A total of
about 10 species has been reported from the Indian
seas. They are Indopacetus pacificus (Longman’s
Beaked whale), Balaenoptera borealis, Balaenoptera
musculus, Balaenoptera acutorostrata, Pseudorca
crassidens, Physeter macrocephalus, Ziphius carvirostris
and Balaenoptera sp.

Sea Cow: The sea cow, Dugong dugon inhabits in
the Gulf of Mannar and Palk bay area and is included
in the List of protected animals as per the Wildlife
(Protection) Act, 1972 Schedule I.

Conclusion

The marine organisms provide ecosystem services,
but are not valued properly or unappreciated. It
has necessary to ecosystem services been better
studied and valued properly for the conservation and

sustainable use of biodiversity not only for the present
generation but for the future generations. Despite
the huge role of marine ecosystems and organisms
very little research has been done to the ecosystem-
species interactions. A thorough knowledge about
the comprehensive taxonomy of the marine organism
from Phytoplankton to Marine mammals will form the
basis of such ecosystem-species interaction research.
Further, human activities are the major causes for the
loss of biodiversity and degradation of marine and
coastal habitats, which needs immediate attention
and comprehensive action plan to conserve the
biodiversity for living harmoniously with nature.
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Itis well accepted the hunger is the most vital issue
of mankind. The global population has grown
from 1.5 billion in 1900 to 7 billion now and is
expected to reach about 10 billion by the year 2050.
It is estimated that about 925 million are under-
nourished with the major chunk at the Asia-Pacific
Region. Micronutrient deficiencies affect > 2 billion;
250 million children at risk of vitamin A deficiency;
equal number suffer from deficiency of minerals
(iron, zinc, calcium, etc.). Hence food and nutritional
security assumes highest priority for future prosperity
of mankind. Food security is not just producing food,
but also providing access to food and is linked with
poverty and rural development. It is evident that
economic access to food is only when households
generate sufficient income. In this context, Fisheries
and Aquaculture is a major sector producing not only
food but also generating employment opportunities
leading to accessibility of food.

Fish is considered as the “Rich food for Poor” and the
cheapest source of animal protein. It provides over
20% of animal protein to 2.6 billion people globally.
In developed countries it contributes 13%, while in
developing countries > 30% of the animal protein.
Fish forms the major source of animal protein in
regions where animal protein in diets is below world
average. It provides at least half of animal protein
intake for 400 million poor in S. Asia & Africa Fish is
a rich source of protein, essential fatty acids, vitamins
and minerals. Some fishes are high in calcium, zinc,
vitamin A and iron. Globally over 540 million (8% of
population) are involved in fisheries & aquaculture;
the growth in the sector is more than population &
employment in traditional agriculture. The present
global production of food fish is estimated as 158
million tonnes (capture and culture). The demand for
fish has increased at twice population growth over

last 50 years. Estimated additional 20-30 million tons
are required to meet demand by 2020. The per capita
consumption has increased from 11.5kg in 1970 to
12.5kg in 1980 to 14.4kg in 1990 to 19.2kg in 2012.

A global review of the marine capture fisheries
scenario reveals that 80% of the world’s fish stocks
for which assessment information is available are
reported as fully exploited and thus requiring effective
and precautionary management. The maximum wild
capture fisheries potential from world’s oceans have
almost been exploited and a more closely controlled
approach to fisheries management is required. The
current marine capture fisheries scenario in India is
also characterized by increased and excessive fishing
effort, overexploitation of certain resources from
the inshore grounds and increased conflicts among
the different stakeholders in the sector. Due to the
larger dependency on inshore fisheries over the years,
the production from nearshore waters has reached
asymptotic level and hence ensuring sustainability is
inevitable in our marine fisheries policy.

Aquaculture the farming and husbandry of aquatic
animals is the promising area for increasing aquatic
food production in future years. It is the fastest growing
food production sector with annual growth of >6% in
last two decades. It increased from <1 million tonne in
1950 to 55 million tonnes in 2009. About 80% of the
production comes from 20 million small-holder farms
(<2ha) in developing countries. The environmental
demands for unit biomass of protein produced are lower
as compared to poultry, piggery and beef. Aquaculture
provides primary source of income. Aquaculture can be a
starting point for alleviation of poverty in rural areas. Due
to all these advantages aquaculture has been growing
rapidly - faster than any other food production sector
- over the past three decades, and is continuing. It is
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clear that the bulk of fish required to feed the world in
the coming decades will come from aquaculture. It is also
time to put “nutrition security” at par with “food security”.
Fish, wherever it comes from, is a global commodity of
key significance due to its potential to improve human
health and nutrition, its accessibility by the poor, and the
low environmental impact of its production compared
to that of other animal source foods.

Relevance of Mariculture

It is widely accepted that the exploited marine fisheries
in India has reached a maximum sustainable level
as reflected in the recent total fish production. The
exploitation pattern over a long term is indicative
of the fact that the additional demand for marine
fish in future years cannot be met from the capture
fisheries. In this context, mariculture — the farming
and husbandry of marine plants and animals in the
marine environment- is a promising sector by which
the additional marine fish requirement can be met
in the future years. It is also the fastest growing sub-
sector of aquaculture. At global level, mariculture
produces many high value finfish, crustaceans,
and molluscs like oysters, mussels, clams, cockles
and scallops. In 2012 mariculture has contributed
around 24.7 million tonnes of foodfish globally which
formed about 35.7%of the aquaculture production.
(World aquaculture production was 90.4 million
tonnes in 2012 — contributed 42.2% to the total
fish production, supplied 9.4kg of foodfish per
person). Molluscs dominated the global mariculture
production (60.3%) followed by finfish (22.5%),
crustaceans (15.9%) and others (1.3%). In addition
about 23.8 tonnes of macro algae and seaweeds
were also produced by mariculture.

Indian scenario of Mariculture
Research and Development

In India the potential of mariculture production largely
remains untapped. The mariculture activities are
confined only to coastal brackish water aquaculture,
chiefly shrimp farming. The other coastal aquaculture
activities are green mussel farming which is confined
to Malabar coast in Kerala producing around 15,000
tonnes and seaweed farming along Ramanathapuram,
Puthukottai, Tanjore, Tuticorin and Kanyakumari

districts of Tamilnadu producing about 17000 tonnes
wet weight annually.

The Central Marine Fisheries Research Institute
(CMFRI) has been pioneering in the development and
standardization of several commercially viable coastal
aquaculture technologies viz. mussel farming, oyster
farming, sea cage farming of marine finfish, seaweed
faming, clam culture, pen culture, integrated farming,
pearl oyster culture and pearl production. Many of these
technologies are very simple, eco-friendly and use only
locally available infrastructure facilities for construction
of farm, feed and seed and hence the entire farming
can be practiced by traditional fishermen.

Brackish water shrimp farming
and the lessons learnt

Brackish water shrimp farming started in a big
way in India in the early 90s especially in the
coastal districts of Andhra Pradesh and Tamil
Nadu. So far, shrimp remains as the single largest
and maximum value earner among the seafood
exported from the country. Shrimp farming in
India, till 2008, was synonymous with the mono
culture of tiger shrimp, Penaeus monodon. Since
1995, culture of P monodon is affected by White
Spot Syndrome Virus (WSSV) and the development
of shrimp farming has become stagnant. Most
of the Southeast Asian countries like Thailand,
Vietnam and Indonesia shifted to culture of the
exotic white leg shrimp, Litopenaeus vannamei.
The successful development of Specific Pathogen
Free (SPF) and Specific Pathogen Resistant (SPR)
broodstock of L. vannamei also favoured the
large scale expansion of its farming. However, in
India, pilot-scale introduction of L. vannamei was
initiated in 2003 and after risk analyses large-scale
introduction was permitted in the year 2009. Of late
L. vannamei farming is being threatened by outbreak
of new diseases namely Early Mortality Syndrome
(EMS), Acute Pancreatic and Haematopoietic
Necrosis Syndrome (APHNS) and many viral diseases.
The very fact is that these diseases are common to
many of the shrimp species, the aqua farmers are
now desperately looking for an additional species
for farming. Hence, species diversification with
viable finfish can be one of the best options for a



long term solution for sustaining the aquaculture
sector. The major constraints for initiating and
developing marine finfish farming in the country
is the lack of seed production technologies for
suitable high value species and the non-availability
of commercially viable farming techniques. Now,
with the development of indigenous technology
for seed production and farming of cobia and silver
pompano by CMFRI, and seabass by CIBA and RGCA,
there is great scope for the aqua farmers to diversify
their aquaculture practices.

Marine Finfish

Seed Production and farming
of Cobia

Fast growth rate, adaptability for captive breeding,
low cost of production, good meat quality and high
market demand are some of the attributes that make
cobia, Rachycentron canadum an excellent species
for aquaculture. In recent years the seed production
and farming of cobia is rapidly gaining momentum
in many Asian countries. Envisaging the prospects of
cobia farming in India, CMFRI has developed for the
first time in the country the broodstock development,
breeding and seed production of cobia and several
successful seed production trials were conducted and
the technology is now standardised at its Mandapam
Regional Centre.

The farming protocols for the hatchery produced
cobia fingerlings in sea cages with different feeding
strategies were developed, tested and validated. Based
on the trials, an economically viable farming model
has been evolved. This farming method has been
adopted by private entrepreneurs, fishermen groups
and farmers. In a recent demonstration conducted at
Mandapam, nursery reared juveniles were transferred
to the grow-out sea cages. The stocking density was
maintained at 3.0-5.0kg/m3 or 750 nos of juvenile
cobia per cage of 6m diameter and 3 metre depth.
The entire grow-out culture was carried out for a
period of 6- 7 months. The juveniles reached an
average weight of 1.0kg in 4 months and 2.5 — 3.0kg
in 6- 7 months. The grow-out fishes could attain an
average weight of 7.0kg with a maximum weight of
8.0kg in one year.

Seed Production and Farming of
Silver pompano

Among the many high value marine tropical finfish
that could be farmed in India, the silver pompano,
Trachinotus blochii is one of the topmost, mainly due
to its fast growth rate, good meat quality and high
market demand. The silver pompano is caught only
sporadically in the commercial fishery and hence its
availability is rather scarce. It is a much sought after
species and hence the demand can only be met through
aquaculture. The farming can be successfully carried out
in ponds, tanks and floating sea cages. The species is
pelagic, very active and is able to acclimatize and grow
well even at a lower salinity of about 10 ppt and hence
is suitable for farming in the vast low saline waters of
our country besides its potential for sea cage farming.

CMEFRI has successfully developed and standardised
the broodstock development, induction of spawning,
larviculture and fingerling production of silver
pompano for the first time in India. The first farming
demonstration from the hatchery produced seed was
carried out in a coastal aquaculture pond at Anthervedi
Village, East Godavari District, Andhra Pradesh. The
growth performance, survival and productive capacity
of silver pompano, Trachinotus blochii, were evaluated
in a brackishwater pond. A total of 3,400 fingerlings
of silver pompano (30.59 + 0.24 mm mean length
and 2.00 = 0.04 g mean weight) were stocked into
a one acre pond (0.4047 hectare) with salinity of 8 =
1.2 ppt. The salinity gradually raised to 24 + 1.8 ppt
during the farming period due to high saline intake
water. Fishes were fed with extruded floating pellet
feed containing 30% to 50% crude protein and 6 %
to 10 % crude fat. After 240 days culture, 1305kg
of silver pompano were harvested and the survival
rate was 91.32%. The mean length of the harvested
fishes was 296.88 = 6.27mm and mean body weight
464.65 £10.25 g. The absolute growth was 1.93 g/
day and specific growth rate was 2.27%/day. Based on
the experience gained from the above demonstration,
farming protocols were evolved.

Ornamental Fish Culture

The marine ornamental fish trade has been expanding
in recent years and has grown into a multimillion
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dollar enterprise. The ornamental animals are the
highest valued products that are mostly harvested
from coral reef environments. The global marine
ornamental trade is estimated at US$ 200-330
million. The trade is operated throughout the tropics.
Philippines, Indonesia, Solomon Islands, Sri Lanka,
Australia, Fiji, Maldives and Palau supplied more than
98% of the total number of marine ornamental fish
exported in recent years. It is a multi-stakeholder
industry ranging from specimen collectors, culturists,
wholesalers, transhippers, retailers, and hobbyists
to researchers, government resource managers and
conservators and hence involves a series of issues
to be addressed and policies to be formulated for
developing and expanding a sustainable trade. It is
well understood that a long term sustainable trade
of marine ornamental fishes can be developed only
through the development and commercialization
of hatchery production technologies for the species
which are in high demand in the trade.

Global scenario

In recent years it has been reported that nearly 1500
species of marine ornamental fishes are traded globally
and most of these are associated with coral reefs.
Nearly 98% of the marine ornamental fishes marketed
are wild collected from coral reefs of tropical countries.
Among the most commercially traded families of reef
fishes, family Pomacentridae dominate, accounting for
nearly 43% of all fish traded. The family contains about
235 species worldwide. They are followed by species
belonging to Pomacanthidae (8%), Acanthuridae (8%),
Labridae (6%), Gobiidae (5%), Chaetodontidae (4%),
Callionymidae (3%), Microdesmidae (2%), Serranidae
(2%) and Blennidae(2%). In recent years the blue green
damselfish (Chromis viridis), the clown anemone fish
(Amphiprion ocellaris), the whitetail Dascyllus (Dascyllus
aruanus), the sapphire devil (Chrysiptera cyanea) and
the three spot damsel (Dascyllus trimaculatus) are
among the most commonly traded species.

Hatchery production Technologies

Indiscriminate exploitation of ornamental fishes
from the coral reef areas has been threatening the
long term sustainability of the trade. Hence hatchery
production of selected marine ornamental fishes

is the only option for the development of a long
term sustainable trade. The Central Marine Fisheries
Research Institute (CMFRI) has been focusing on this
vital aspect for the past few years. The Institute was
able to develop hatchery production methods of the
following species of ornamental fishes which are in
high demand in the international trade.

Table 1. Marine Ornamental Fishes

Amphiprion percula Orange clown

A. ocellaris False clown

A.sebae Sebae clown

A.nigripes Maldive's clownfish

A.ephippium Red saddleback clownfish

A.perideraion Pink skunk

A.clarkii Clark's anemonefish

Premnas biaculeatus Maroon clown(spine cheek
anemonefish)

Pomacentrus cearuleus Blue damsel

Ppavo Peacock damsel

Dascyllus trimaculatus Three spot damsel

Dascyllus aruanus Humbug damsel

Chromis viridis
Neopomacentrus nemurus
N.cyanomos

Chrysiptera cyanea

Bluegreen damsel
Yellowtail damsel
Filamentous tail damsel
Sapphiredevil damsel

The damaging fishing methods which destroy the
fragile corals and over harvesting of the species
in demand are the vital problems associated with
the trade. It is widely accepted that the ultimate
answer to a long term sustainable trade of marine
ornamental trade can be achieved only through the
development of hatchery production technologies. In
this context it is imperative to develop commercially
viable seed production techniques of species
which are in demand. It is well accepted as an
environmentally sound way to increase the supply of
marine ornamentals by reducing the pressure on wild
population and producing juvenile and market sized
fish of wide variety of fish year round. In addition
hatchery produced fish are hardier and fair better
in captivity and survive longer. The methodologies
developed by CMFRI can be scaled up for commercial
level production and a hatchery produced marine
ornamental fish trade could be developed.

Marine Finfish Brood bank

The availability of required quantities of bio-secure
seed is the major prerequisite for the initiation and



expansion of marine finfish farming in the country.
The major bottleneck in achieving commercial level
seed production is the non-availability of a facility
where the bio-secure broodstocks can be maintained
and controlled spawning can be obtained year
round. Broodstock management usually includes
collection, selection and domestication of brooders
as well as control of maturation, spawning and
egg production. The broodstocks of large growing
fishes like cobia is mostly developed in sea cages.
However, the broodstock developed in sea cages
are susceptible to mortality due to the changes in
the water quality of the cage site, disease problems
and impact of harmful algal blooms. In addition, the
broodstock developed in sea cages is not bio-secure
and hence can lead to spreading of diseases while
farming is taken up on a commercial basis. If the
broodstock can be maintained onshore in controlled
facilities the loss of broodstock can be minimised
and controlled breeding by manipulating the photo
thermal regimes and spawning all through the year
can be achieved.

Recirculating Aquaculture
System (RAS)

Closed-system aquaculture presents a new and
expanding commercial opportunity. Recirculating
aquaculture Systems (RAS) are tank-based systems
in which fish can be grown at high density under
controlled environmental conditions. They are closed-
loop facilities that retain and treat the water within
the system. In an RAS, water flows from a fish tank
through a treatment process and is then returned to
the tank, hence the term Recirculating Aquaculture
System. These systems use land based units to pump
water in a closed loop through fish rearing tanks and
consist of a series of sub-systems for water treatment
which include equipment for solids removal,
biological filtration, heating or cooling, dissolved
gas control, water sterilization and photo-thermal
control. Sustainable production of bio-secure fish
seed all through the year employing photo-thermal
conditioning is possible only by recirculating systems.

Sea cage farming

The sea cage farming has been expanding in recent

years on a global basis and it is viewed by many
stakeholders in the industry as the aquaculture system
of the millennium. Cage culture has made possible
the large-scale production of commercial finfish in
many parts of the world and can be considered as
the most efficient and economical way of rising fish.
The rapid growth of the industry in most countries
can be attributed to (i) availability of suitable sites for
cage culture (ii) well established breeding techniques
that yield a sufficient quantity of various marine and
freshwater fish juveniles (iii) availability of supporting
industries such and feed, net manufactures, fish
processors etc. (iv)strong research and development
initiatives from institutions, governments and
universities and (v) the private sector ensuring
refinement and improvement of techniques/ culture
systems, thereby further developing the industry.

Commercial cage culture was pioneered in Norway in
the 1970s with the rise and development of salmon
farming. As in terrestrial agriculture, the move
within agquaculture towards the development and
use of intensive cage farming systems was driven by
a combination of factors, including the increasing
competition faced by the sector for available resources
(including water, land, labour, energy), the drive for
increased productivity per unit area and the need for
the sector to access and expand into new untapped
open water culture sites such as lakes, reservoirs, rivers
and coastal brackish and marine offshore waters. The
cage aquaculture sector has grown very rapidly during
the past 20 years and is presently undergoing rapid
changes in response to pressures from globalization
and growing demand for aquatic products. Total
reported cage aquaculture production from 62
countries and provinces/regions from where data is
available amounted to 2412167 tonnes (excluding
China) On the basis of the reported information,
the major cage culture producers in 2005 included—
Norway (652306 tonnes), Chile (588 060 tonnes),
Japan (272 821 tonnes), United Kingdom (135
253 tonnes), Vietnam (126 000 tonnes), Greece
(76 577 tonnes), Turkey (78 924 tonnes), and the
Philippines (66 249 tonnes). Currently on a global
basis commercial cage culture has been restricted to
the culture of high value, compound feed fed finfish
species, including salmon, Japanese amberjack,
red sea bream, yellow croaker, European sea bass,

Training manual in Molecular Biology and Biotechnology for Fisheries Professionals

N
(8



Central Marine Fisheries Research Institute

N
(@)

gilthead sea bream, cobia and groupers. Cage culture
systems employed by farmers vary from traditional
family owned cage farms (Asian countries) to modern
commercial large scale salmon and trout cage farms
in Northern Europe and Americas. The rapid rise and
success of the salmon cage farming industry has been
due to a combination of interlinked factors such as
the development and use of an easily replicated and
cost effective technology (including hatchery seed
production), access to large areas of suitable waters,
good species selection, market acceptability, increased
corporate investment and a good and supportive
government regulatory environment. This can be
taken as a model for cage culture development.

Marine cage farming is relatively new in Asia and
was developed initially in Japan for species such as
yellowtail (Seriola quinqueradiata) and red sea bream
Pagrus major. Over the last twenty years the cage
farming practice has spread almost throughout
Asia. The major cage farming countries are China,
Indonesia, Taiwan Province of China and Vietnam. A
large number of finfish species are farmed in cages
in Asia viz. groupers, snappers, carangids, seabass
and cobia. In most countries individual operations
are not large, and often a clustering of farming
activities, which is due to limited site availability in
coastal waters is seen.

When compared to many countries in the Asia-
Pacific Region, India is still in its infancy in sea cage
farming. For the first time in India as part of R &D
a marine cage of 15 m diameter with HDPE frame
was successfully launched in 2007and operated
at Visakhapatnam, in the east coast of India by
the Central Marine Fisheries Research Institute.
Since then, a lot of innovations on designing and
fabrication of cages and mooring systems were
made which led to the development of better
designs of cages of 6m diameter with improved
mooring systems that can withstand rough sea
conditions. Subsequently demonstrations of cage
farming were undertaken along different parts
of the Indian coast under a participatory mode
with the local coastal fishermen. Successful sea
cage farming demonstrations were conducted at
Kanyakumari, Vizhinjam, Kochi, Mangalore, Karwar,
Veraval, Mandapam, Chennai and Balasore. Cobia,

Sea bass and spiny lobsters were the major groups
employed for farming. These demonstrations have
created an awareness regarding the prospects of
sea cage farming in India. Many entrepreneurs,
fishermen and farmers are coming forward to take
up this venture.

Mussel Farming

The Institute has developed technologies for culture
of bivalves’ viz. raft method (in bays, inshore waters),
rack method (in brackishwater, estuaries) or long line
method (open sea). These methods are commonly
adopted for mussel farming (Perna indica and P viridis).
Mussel seeds of 15-25 mm size collected from intertidal
and sub tidal beds are attached to coir/nylon ropes of
1-6 m length and enveloped by mosquito or cotton
netting. Seeds get attached to rope within a few days
while the netting disintegrates. The seeded ropes are
hung from rafts, racks or longlines. A harvestable size
of 70-80 mm is reached in 5-7 months and production
of 12-14kg mussel (shell on) per metre of rope can
be obtained. Innovations such as automatic seeding
machines and depuration protocols were also evolved.
The farming of mussels is currently being practised
commercially at Malabar Coast, Kerala.

Edible Oyster Farming

CMFRI has developed methods for edible oyster
(Crassostrea madrasensis) culture and has produced
a complete package of technology, which is presently
being widely adopted by small scale farmers in shallow
estuaries, bays and backwaters. In the adopted rack
and ren method, a series of vertical poles are driven
into the bottom in rows, on top of which horizontal
bars are placed. Spat collection is done mainly from
the wild on suitable cultch materials. Spat collectors
consist of clean oyster shells (5-6 Nos.) suspended on
a 3 mm nylon rope at spaced intervals of 15-20 cm
and suspended from racks, close to natural oyster beds.
Spat collection and further rearing is carried out at
the same farm site and harvestable size of 80 mm is
reached in 8-10 months. Harvesting is done manually
with a production rate of 8-10 tonnes/ha. Oyster shells
are also in demand by local cement and lime industry.

Mollucan shellfish (mussels, oysters and clams) are



much sought after and widely consumed throughout
the world as gourmet food. But in India these
nutritious seafood have not found much acceptance.
Currently farmed mussel and oyster production in
India is between 15,000 and 20,000 tonnes. In
order to create an awareness on the general public
on molluscan shellfish as a highly nutritious food,
ShellCon 2014 was organised by CMFRI in which
shellfish food festival and programmes for the
popularisation of the consumption of molluscan
shellfish were conducted.

Mabe Pearl Production

CMFRI successfully developed and standardised a
simple technique for value added marine pearls,
called mabe pearls. A mabe pearl is a dome shaped
or image pearl produced by placing a miniature
image against the side of the oyster shell interior.
The result is an exquisite pearly nacre coated image.
The main advantage is the very short gestation period
(2 months) and the superior quality of the nacre of
Indian pearl oyster Pinctada fucata.

Seaweed Culture

Around 60 species of commercially important
seaweeds with a standing crop of one lakh tonne
occur along the Indian coast. Seaweed products like
agar, algin, carrageenan and liquid fertilizer are in
demand in global markets and some economically
viable seaweed cultivation technologies have been
developed in India. CMFRI has developed technology
to culture seaweeds by either vegetative propagation
using fragments of seaweeds collected from natural
beds or spores (tetraspores/ carpospores). It has the
potential to develop in large productive coastal belts.
The rate of production of Gelidiella acerosa from
culture amounts to 5 tonnes dry weight per hectare,
while Gracilaria edulis and Hypnea production is
about 15 tonnes dry weight per hectare. Recently
the culture of the carageenan yielding sea weed
Kappaphycus alvarezii has become very popular due
to its fast growth and less susceptibility to grazing
by fishes and is being cultivated extensively along the
Ramanathapuram, Pudukkottai, Tanjore, Tuticorin and
Kanyakumari districts of Tamil Nadu producing about
17000 t wet weight annually.

Way Forward

Seed availability is the major constraint for the
initiation of commercial level farming of marine
finfishes and shellfishes. The huge demand for
cobia and pompano seeds received at CMFRI from
fish farmers and entrepreneurs is indicative of the
need of the sector. Hence there is an urgent need
to establish marine finfish hatcheries by fisheries
development agencies /private sector to ensure
the seed availability. In addition, it is required to
intensify research programmes for the development
of seed production techniques for at least one
dozen species of high value marine fishes. In this
context, CMFRI has already taken up broodstock
development and seed production of orange spotted
Grouper Epinephelus coioides, Indian Pompano
Trachinotus mookalee and Malabar Red Snapper
Lutjanus argentimaculatus. Initial success has already
been obtained in the broodstock development and
seed production of E. coioides and T mookalee at
the Vishakapatnam Research Centre of CMFRI.
Broodstock development of L. argentimaculatus is
being pursued. If seed production technologies of
more species are available, the farmers will be able
to select the species as per the need of the locality.

The commercial level farming of lucrative shellfish
species like the sand lobster, Thenus unimaculatus and
the blue swimmer crab Portunus pelagicus can also
be practiced if hatchery produced seeds are available.
CMEFRI is able to succeed in the seed production of
both the species and now research is being focused
on the standardization of these techniques. Similarly
seed production techniques are already developed by
the Institute for edible oyster, pearl oyster and green
mussel. The methods can be scaled to commercial
level production as per the requirement of the sector.

The development of farming systems especially
the sea cage farming deserves prime attention.
To promote sea cage farming in the country,
identification of suitable sites with proper depth,
water quality and water current are required. Site
selection survey and identification of at least a dozen
sites suitable for cage farming by the entrepreneurs
and farmers deserves urgent attention. Availability
of logistic support for cage farming should be given
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careful consideration if a profitable business is to
be established. Cage farming has to be promoted
away from the human settlements, discharge points
of industrial and municipal waste, so as to maintain
ideal water quality for sea farming. Further, policy
for leasing the suitable sites, bank finance, and
governmental support through subsidy assistance
are the needs of the hour.

The bivalve farming which is already being practiced
at a few locations can be further expanded. The
carrying capacity assessment, low value availability
of hatchery produced seed and the feasibility of open
sea farming of bivalves require attention by the R&D
sector. Similarly the expansion of sea weed farming
offers immense scope. A concerted effort by the
developmental agencies for popularization of sea
weed farming is warranted.

On a global basis, the mariculture practices are
dominated by intensive monocultures which have
led to sustainability problems, environmental
degradation and consequent disease problems.
In this context, the idea of bio-mitigation of
the environment along with increased biomass
production integrating commercially important
species of different trophic levels is emerging as
an innovation in aquaculture. Integrated Multi
trophic aquaculture (IMTA) is the practice which
combines in appropriate proportions the cultivation
of fed aquaculture species (E.g. fin fish / shrimp)
with organic extractive aquaculture species (e.g.
shell / herbivorous fish) and inorganic extractive
aquaculture species (e.g. seaweed) to create

balanced systems for environmental stability ( bio-
mitigation) economic stability (product diversification
and risk reduction) and social acceptability (better
management practices). IMTA is well recognized as
a mitigation approach against the excess nutrients
/ organic matter generated by intensive aquaculture
activities especially in marine waters, since it
incorporates species from different trophic levels
in the same system. In addition, it is also relevant
in the implementation of ecosystem approach to
aquaculture (EAA) propagated by FAO. IMTA can
also increase the production capacity of a particular
site. It is well understood that increasing use of
coastal waters worldwide coupled with rapid growth
and expansion of mariculture demand for more
sustainable practices and hence the concept of IMTA
has much relevance and scope. The development
of IMTA in marine and coastal environments, has
not been demonstrated as a viable enterprise in
India and hence there is an urgent need to impart
front line demonstration on this potential sector of
mariculture to different stake holders.

The development of commercial level seed production
technologies for a few species of high market value
finfish and shellfish, establishment of hatcheries by
fisheries development agencies, identification of
appropriate cage/coastal farming sites, development
of economically viable farming protocols, formulation
of suitable grow-out feeds, health management
protocols, development of mariculture policies and
appropriate marketing strategies can go a long way
to promote mariculture as a substantial contributor
of sea food production of India.
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Introduction

Aquarium keeping is amongst the most popular of
hobbies with millions of enthusiasts worldwide, and
the aquarium industry is also a multimillion dollar
business in the world. Profit of marine aquarium
industry is threefold increase than freshwater.
However, 90% of income from marine industry is
from wild caught only. The main drawback of this
industry is difficulties endowed with various stages
in marine fish rearing under captive conditions.
The acquisition of marine ornamental fish has
also greatly increased in recent years. Presently, 30
million coral reef fish belonging to 1,000 species and
100 species of invertebrate are collected annually
to supply private and public aquaria around the
world. The majority of these specimens come from
coral reefs and associated habitats, with about
45 countries supplying the ornamental market.
Many fish collectors in tropical and subtropical
countries are employing cyanide to stun tropical
fish, making it easier to collect them, but widespread
cyanide application harms coral reefs and their
ecosystems and threatens the food source of the
local population. Therefore, in the last few years, a
number of scientists have studied the reproduction
of some of the species which are most commonly
used in the aquarium trade for the purpose of rearing
and breeding them in captivity (Thresher, 1884;
Holt, 2003; Olivotto et al., 2003, 2004). Marine
ornamental fish production is now considered as one
of the most important trade in international markets.
Due to the popularity of aquariums in households
in many parts of the world, aquariculture play a
growing role in the international fish trade. The total
value of wholesale ornamental trade is estimated at
close to US$ 1 billion, and retail trade about US$ 3
billion (Olivotto, 2005).

Considering many pressures currently faced by reefs, it
is vital that ornamental fisheries are to be investigated
and monitored, and management strategies are need
to be formulated to ensure that they are sustainable.
This requires research, monitoring, training, use of
non-damaging collecting methods and adoption of
conservation strategies for controlling catch, such as
reserves, quotas and closed seasons. Such measures
include limiting collecting effort, establishment of
species-based or overall quotas, restrictions on rare
and/or endemic species, temporary closures and
establishment of fishery break reserves. There are
also a number of possibilities for enhancing the
fishery, such as mariculture and construction of
artificial reefs. It is well understood that India has a
wealth of marine ornamental animals in our island
ecosystems of Lakshadweep and Andaman- Nicobar,
besides many areas of mainland. In the context of
the expanding global marine ornamental fish trade
in recent years it appears that India has the potential
to develop a lucrative marine ornamental fish trade.
A critical assessment of the current global scenario
of marine ornamental trade can provide much
insight into the complexities and conservational
issues associated with trade, which will be of
much relevance while formulating policies for the
development of a marine ornamental industry. The
Philippines, Indonesia, Soloman Islands, SriLanka,
Australia, Fiji, the Maldives and Palau supplied the
major share of marine ornaments during the recent
years. The United States, the United Kingdom, the
Netherlands, France and Germany were the most
important countries of destination. It is well accepted
that the trade developed from tank reared fish and
other ornamentals is the final solution for a long
term sustainable trade. The economic viability of
ornamental fish production is more lucrative when
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compared to other mariculture species, due to their
high unit value.

In India, till date no organized trade of marine
ornamentals has been initiated. But it is a fact
that a great deal of illegal collection of marine
ornamentals is in vogue in many parts of our reef
ecosystem and this is a matter of great concern due
to the indiscriminate nature of exploitation and eco
hostile methods of collection which damage the reef
ecosystem. In addition to this, lack of knowledge on
appropriate post-harvest husbandry practices leads
to large scale mortality of the collected animals. It is
time to evolve a marine ornamental fisheries policy for
developing an organized trade of marine ornamentals
in many contries. It is felt that eventhough the ideal
situation is to develop a sustainable trade of marine
ornamentals through tank reared species, it has to
be admitted that development of commercial level
breeding technologies of all the species of demand
will take a very long time and if you have to wait till
then, we may fail to enter into this lucrative global
trade in the near future. A critical analysis of current
global trade of the marine ornamentals from wild
collections reveals many ecological concerns which
require policy interventions.

Captive breeding of marine
ornamentals in India

More than 200 varieties of export oriented marine
ornamental fishes are available in Indian waters, and
it is widely accepted that their wild collection from
the flimsy reef ecosystem will lead to habitat damage
and overexploitation of the species which are in high
demand. In these scenario, development of a long
term sustainable trade of marine ornamental fishes
through hatchery production is the only alternative.
The decline of exploited marine fishery resources due
to increasing fishing pressure, the setback in shrimp
farming due to disease outbreak and the impact of
tsunami have adversely affected the livelihood of
Indian coastal villagers, and an alternative livelihood
option is felt very essential. Considering these
situations, during the past few years, the Central
Marine Fisheries Research Institute (C.M.FR.1.) has
intensified research activities on breeding and culture
of marine ornamental fishes. The success in the

hatchery production of clown fish and few damsel
fishes (Gopakumar et al., 2002, Ignatius et al., 2001,
Madhu and Rema Madhu, 2002) were reported
first time in India with an objectives to generate
scientific knowledge on ornamental fish maintenance,
behaviour, influence of social status on sex change,
pair formation, breeding, influence of lunar periodicity
in spawning, parental care, egg incubation and
hatching, developments of egg, larvae, and juveniles.
These investigations have resulted in the development
of hatchery technology for 20 species of marine
ornamental fishes such as clown fishes Amphiprion
percula (True pecula/ clown anemone fish); A. ocellaris
(Common Clown/ False clown aenemonefish) Rema
et al.,2012; A. sandaracinos (Yellow Skunk Clown)
Rema and Madhu,2012 ; A. frenatus (Tomato clown)
Madhu et al., 2011, A. clarkii (Clark's Anemonefish)
A. nigripes (Maldives Anemonefish ) (Madhu and
Rema Madhu,2006; Madhu et al., 20064, b, c; Rema
Madhu, et al., 2007; Madhu et al., 2008; Madhu and
Rema, 2011) A. perideraion (Pink anemone fish) (Anil
etal., 2012), Amphiprion ephippium (redsaddle back
anemone fish), A. sebae (Sebae clown) (Gopakumar,
et al.,2007,2009); and Premnas biaculeatus (Maroon
clown/ Spine cheek anemone fish) Madhu et al., 2012
and dottyback Pseudochromis dilectus (Redhead
Dottyback) and Nemateleotris decora (Madhu and
Rema, 2014). The species such as damsels Dascyllus
trimaculatus (Three spot damsel); D. aruanus (Striped
damsel); Pomacentrus caeruleus (Blue damsel); P pavo
(Sapphire or Peacock Damsel); Neopomacentrus
nemurus (Yellow tail damsel); N. filamentosus
(Filamentous tail damsel); Chrysiptera cyanae
(Sapphire devil); C. unimaculata (One spot damsel)
and Chormis viridis (Green chromis) (Gopakumar, et
al.,2007,2009, Syda Rao et al., 2010). At present
tank reared species contribute only 1-2% of the trade.
Culture of marine ornamental fish is well accepted as
an environmentally sound way to increase the supply
of such organisms by reducing the pressure on wild
populations and producing juveniles of a wide variety
of species year round. In addition, hatchery produced
fish are hardier which are survive better in captivity
and survive longer. The high unit value of ornamentals
makes them more commercially viable than marine
food fish culture. Hence in future, hatchery reared fish
will become a significant part of marine ornamental
fish trade in India and also globally.



Major requirements
in Aquariculture

Filtration: Efficient filtration is mandatory in a marine
aquarium. There are two basic types of contaminates
in aquarium water — suspended physical particles
and dissolved chemical compounds. The dissolved
contaminants are created from the metabolic waste
materials of fish, invertebrates and plants, and also
develop from the activity of bacteria on waste organic
matter produced in the tank. These dissolved chemical
compounds include ammonia, nitrite, nitrate, urea,
proteins, fatty acids, phenols, dyes and many
other less abundant compounds. Filtration can be
classified into three types. i) Mechanical filtration ii)
Chemical filtration & iii) Biological Filtration (Under
gravel filtration)

Adequate aeration: The purpose of aeration is
not only for oxygen but also keep the water moving
and exchanging gases with the air. This occurs in the
surface, not between the bubbles and the water unless
these are very dense. Aeration is often combined with
filtration but it is better to provide air stones to add
the effects of filters. Air stones come in all shapes
and sizes, but what is most important is that they
should give medium sized bubbles between 2 and
1 mm in diameter and these should move the water
most efficiently. Very fine bubbles are good but form
a mist in open water. A good brand of diaphragm
pump with a volume control can be used for both
air stones and filters.

Formulation of synthetic sea water salts: There
are a number of sea salts readily available in the
market. Synthetic seawater differs from natural
seawater in which the concentrations of the major
inorganic salts are not exactly the same, inorganic
trace elements are not the same in number or
concentration and there are no dissolved organics.

Availability of suitable feeds: (Live and artificial).

Treatment facilities: for common diseases of
marine fishes.

Size of the tanks: A large tank is more stable in
the constitution and temperature of water than a

smaller one. A tank of the size 90cm x 40cm x 50cm
can be fabricated with 6mm glass and larger tanks
of 500 litres and 1000 litres can be fabricated with
glass plates of thickness 8mm and 12mm respectively.
A shallow tank is more advisable because the water
surface is the place where oxygen enters and the
carbon-di-oxide leaves.

Lighting: The aquarium should not be installed in a
place where there is no much day light, in particular
direct sunlight, because it may overheat the water of
the tank. Lighting is usually provided by a fluorescent
tube or tubes with a reflecting hood. If you want to
grow sea-anemones, sea-weeds and live corals, more
light is needed and it must be provided in sufficient
intensity by special lamps which can emit lights of red
and blue wave lengths of visible spectrum. The light
should be on for at least 12 hours per day.

Temperature: As temperature fluctuations may be
detrimental to many species, it is important to have
a heater / thermostat combination submersible and
guaranteed suitable for salt water in the tanks. Power
of heaters should be 100 watt for a 100 litre tank,
150 watt for a 200 litre tank and 200 watt for 300
litre tank. A tropical marine tank generally needs a
temperature range of 25 — 28°C.

Quality water: Quality seawater should have
dissolved salts, trace elements and dissolved gases.
Only seven salts viz., sodium chloride, magnesium
chloride, magnesium sulphate, calcium sulphate,
potassium sulphate, calcium carbonate and potassium
or sodium bromide make up over 99.5% of all the
conservative salts in sea water. The remaining 0.5%
of the inorganic solids is made up of at least 60
elements found in such tiny amounts that they are
called trace elements. Eventhough the trace elements
are present in extremely small amounts, some of them
especially zinc, copper, iodine, strontium, vanadium,
cobalt, molybdenum and arsenic are essential to many
living organisms. The dissolved organic substances are
compounds such as amino acids, proteins, enzymes,
vitamins and pigments. Inshore water carries a greater
load of dissolved organics than clear offshore waters.

Seawater treatments: The best way to treat the
water after collection is to store it in the dark to
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2-3 weeks prior to using it in the aquarium. Another
treatment of collected seawater is chlorination and
de- chlorination. Chlorine kills all lives in the collected
water including bacteria and oxidizes the organic
matter dissolved in natural seawater, including toxins.
For chlorination and de-chlorination we require
bleaching powder, sodium thiosulphate and a test
kit for chlorine.

New tank syndrome

A new tank which has been carefully set up and
fishes are introduced without maturation of the
tank will become unhealthy after a few days and
fish mortality will result. Matured tanks will have
a balanced bacterial population with the nitrogen
cycle proceeding satisfactorily, and hence generation
of ammonia or nitrites will be less. As ammonia
is produced, it is converted rapidly into nitrites
which in turn are converted into nitrates which
are comparatively nontoxic. In a new tank there
will not be an inadequate population of any type
of bacteria and the first thing is the growth of
bacteria which decompose organic matters such as
fish faeces, uneaten food or any kind of decaying
matter. The end product of such decomposition is
ammonium hydroxide.

Aquarium Accessories

* Powered Canister Filters

* Protein Skimmer

* Denitrator

e QOzonizer

* UV Sterilizers:

* Other auxiliary equipments (Test kits for measuring
salinity, pH, ammonia, nitrite and nitrate
concentration; hand nets, siphons, etc.)

Rearing/ breeding of fishes
in aquarium

Pair formation and
broodstock developments:

The basic requirement is to have a sufficient
number of broodstocks or breeding pairs which

can either be collected form the coral reef habitat
or can be purchased from the pet shop depending
upon the availability. In case mated pairs are not
available, the fishes having different size groups
can be collected and made to pair under captive
condition through pair formation. In order to make
breeding pairs form the juveniles groups, fishes
can be collected from the wild and transported to
the laboratory in healthy condition. In the case of
clownfishes, fishes and sea anemones should be
kept in separate plastic transportation bags during
transportation. For the pair formation, five fishes of
each sex of different size groups need to be stocked
together along with single host sea anemone in a
500 L FRP tanks fitted with biological filter to reduce
the aggression. The pair formation tanks need to
maintained in the hatchery where an incident
light intensity of 2500 to 3000 lux was available
as the sea anemones require sunlight for its better
survival under laboratory condition. The fishes and
anemones should be fed two times per day with
wet feeds such as meat of shrimp, mussel and clam
at the rate of 15% of their body weight and live
feeds like Brachionus plicatilis, artemia nauplii and
adult artemia. Environmental parameters such as
temperature 26 to 29° C, salinity 33 to 36 ppt,
dissolved oxygen 4.6 to 6.2 ml/L and pH 8.1 to
8.9 are need to be maintained in all the rearing
tanks. After a period of 3 to 4 months rearing in
the pair formation, in each tank one pair grew
ahead of others and became the spawning pair. As
the newly formed pairs will be very aggressive and
spending time for fleeing the other subordinates
rather than reproductive activity, it is very essential
to stock each breeding pairs in separate broodstock
tanks (250 to 500 L capacity) with single healthy
pair and host sea anemone. An ideal tank would
be a 3ft x 2 ft x 2 ft with a layer of coral sand on
the bottom, a few live rocks, a healthy anemone,
bright lighting and good filtration, preferably an
efficient protein skimmer to reduce the ammonia
and organic materials from the fish. A trickle filter
could be used with regular water changes to keep
the nitrates low enough for the anemone to do
well. Since the gonad development and spawning
of fishes are influenced by moon phases, the
broodstocks/ spawning tanks need to be kept in
an apt place where the fish receive a regular day/



night lighting cycle (moon phase). An anemone is
generally not required to breed clownfish under
captive condition. The pairs formed through pair
formation should then be transferred to separate
glass aquaria for broodstock development. The
broodstocks need to be fed with wet feeds such
as meat of green mussel, shrimp, clam and fish
egg mass, and can also be provided formulated
feeds enriched with vitamins, minerals and algal
powder at the rate of 10% of their body weight
and supplied at an interval of every 3 hrs during
day time. Apart from these, the broodstocks were
also fed with enriched rotifer 800 to 1000 nos/ml
and artemia nauplii (200-400 nos/ml) and adult
artemia (3 to 5 nos/ ml) every day. Provision of
enriched live feeds which apparently improved egg
quality and hatchability than the brooders fed with
non-enriched live feeds.

Water quality maintenance

As a measure for this, the seawater need to be filtered
through a series of sand filters before being taken to
the rearing tanks. The temperature in all the breeding
tanks need to be maintained between 26 to 30°C,
and level of dissolved oxygen (4.8 to 6.3 ml/L), pH
(8.0 to 8.9), salinity (32 to 36 ppt) and the water
needs to be recirculated to ensure water movement
and provided good water quality with the aid of a
specially devised filter system during the period of
rearing. Once in a week 25% of the water should
be exchanged to avoid stress like a rapid increase in
plasma corticol concentration, depression of gonadal
streroidogenesis, and subsequent development of
gonadal atresia.

Substrate for egg deposition

As many coral fishes are laying attached eggs, it is very
essential to provided suitable substratum preferably
tiles or earthen pots or shells of edible oyster or PVC
pipes which will also be helpful for the transfer of
deposited egg without any mechanical injury to
hatching tank.

Breeding of clownfishes

After broodstock rearing, each pair will start breeding

within a period of 4 to 6 months rearing under
captive condition if the broodstoks are provided
nutritious food and provided suitable rearing
conditions. Few days prior to spawning, the male
selected a suitable site near to sea anemone for
laying the egg and cleared algae and debris with
its mouth and on the day of spawning both the
parents spent considerable time for the cleaning
of site which indicated that spawning may occur
within few hours. Under laboratory condition, the
spawning can be obtained between 0500 hrs to
1530 hrs during day time and the spawning lasted
for one hr to one and a half hour. Each female lays
300 to 1000 capsule shaped eggs at every 12 to 15
days interval depending on the species of clown fish,
size of fish and previous experience. Generally the
egqg size of clown fishes ranges between 1.5 mm
to 3.0 mm in length with a width of 0.8 to 1.84
mm and adhered to the provided substratum with
stalk. An average of two spawning per lunar month
per pair resulting in an estimated annual fecundity
of 7200 to 24000 eggs/ breeding pair/ year can be
obtained under laboratory condition. Parental care
and egg morphology As parental care is inevitable
for hatching out of the larvae, the parents should
be allowed to remain in the parental tank itself till
hatching. During incubation period, both the parents
carefully look after the eggs during day time and it
involved two basic activities viz. fanning by fluttering
the pectoral fins and mouthing to remove the dead
or weakened eggs and dust particles.

Egg hatching and larval rearing of
clown fishes

On the expected day of hatching, two hours before
sunset, the eggs along with substratum were
transferred from the parental tank to hatching tanks
(100 L) and provided with complete darkness for
accelerating the hatching. The larvae broke the egg
capsule and the hatchling emerged tail first and the
hatching occurred soon after sunset and the peak
hatching took place between 1900 to 2030 hrs under
darkness. The newly hatched larvae measured 3 to
4mm in length and each had a transparent body, large
eyes, visible mouth, and a small yolk sac and remained
at the bottom of the tank for a few seconds and soon
after became free swimming. The larval rearing can

Training manual in Molecular Biology and Biotechnology for Fisheries Professionals

w
w



Central Marine Fisheries Research Institute

w
AN

be carried out under green water system and feeding
with super small rotifer B. rotundiformis and newly
hatched artemia nauplii. The larval period of clown
fishes generally last for maximum of 20 days and then
after most of the fry resembled juvenile adult fish and
began to shift from partially pelagic to epibenthic
and started eating minced shrimp, fish flesh, mussel
meat, clam meat and formulated diets.
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There are 20,000-30,000 species of fish in a
multitude of diverse marine aquatic ecosystems
worldwide, and in freshwater environments many
new fish species continue to be ‘discovered’ by
science. About 22000 species of fishes have been
recorded in the world; of which, about 11% are
found in Indian waters. Out of the 2200 species so
far listed, 73 (3.32%) belong to the cold freshwater
regime, 544 (24.73%) to the warm fresh waters
domain, 143 (6.50%) to the brackish waters and
1440 (65.45%) to the marine ecosystem.

Fishing is one of the oldest human activities and it
developed gradually, when our ancestors moved from
the collection of plants and animals to hunting by using
tools and weapons. The oldest fishing implements so
far identified are harpoons, found in the territory of
Congo, and dating about 90,000 years. Interestingly,
these harpoons were found associated with the bones
of a species of now extinct giant catfish. In India too,
it is believed that the development of fishing must
have been parallel. There are reports that fishes were
grown in reservoirs as early as 320 BC. There are
several evidences of fish capture and culture since
then. There were evidences to indicate over-fishing
in the River Ganges as early as 1785. Russell made
the first systematic study of the Indian fish fauna
from 1785 to 1789 AD. Sir Francis Day studied the
systematics of Indian fishes for over 20 years and listed
351 genera and 1418 species of marine, brackish water
and freshwater fishes in 1868. Later, Alcock added
86 new genera and 200 species to the list. Jones and
Kumaran (1980) recorded 603 species of fish from the
Laccadive archipelago. Of the 603 species of marine
fishes belonging to 126 families that are reported
from the islands, at least 300 species belong to the

ornamental fish category. At present, of the recorded
24,000 species of finfishes in the world, about 2364
species are known to occur in India (www. fishbase.
org). Rao (2009) recorded 1371 species in 77 families
from the Andaman and Nicobar islands.

Fish biodiversity

The Indian fish fauna is divided into two classes,
viz., Chondrichthyes and Osteichthyes. The
Chondrichthyes are represented by 131 species under
67 genera, 28 families and 10 Orders in the Indian
region. The Indian Osteichthyes are represented by
2,415 species belonging to 902 genera, 226 families
and 30 orders.

Classification and Diversity

Class Actinoptergyii-the ray
finned fishes

Numerically, actinopterygians are the dominant
class of vertebrates, comprising nearly 99% of
the over 30,000 species of fish. Traditionally
actinopterygians have been divided into the
subclasses Chondrostei and Neopterygii. Neopterygii,
in turn, have been divided into the
infraclasses Holostei and Teleostei.

Important characters of the class are

* Scales ganoid, cycloid, or ctenoid

* Spiracles usually absent

* Pectoral radials attached to the scapula-coracoid
complex except in Polypteriformes

* Interopercle and branchiostegal rays usually present
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Infraclass teleostei

Teleost are the most species rich and diversified group
of all the vertebrates

Though teleosts are a group wide variation is noticed
in the parts of the fish.

Mouth

Terminal
Sub Terminal
Superior

Inferior
Protrusible

OO0

uhk W=

Different mouth patterns are noticed in fish. They are

Terminal: Fish with a terminal mouth position have
a mouth in the middle, or center of the head. These
fish are mostly predators who either chase their food
or feed on what is seen in front of them. The terminal
mouth position is the “normal” position of mouth for
most of the fishes inhabiting the middle levels of the
water column of oceans or lakes.

Superior: This kind of fish has scoop-like mouth
which is designed to feed on prey that swims above
the fish (on the surface of the water), such as insects
or plankton.

Inferior: Bottom feeding fish generally have inferior
or sub-terminal mouths. Mouths located under the
fishes head that are adapted for scavenging or grazing
on algae, molluscs or bottom dwelling invertebrates.

Protrusible: Protrusible or protractile mouth in fish
is a structural arrangement of the jaws that enables
the animal to extend the mouth at will. When fully
protruded, the cavity of the mouth is enlarged to form
a funnel-like space facilitating the uptake of food.
Fishes which feeds on small invertebrates in hidings
has protrusible mouth.

Teeth

These serve as a very important taxonomic character.
Generally, five types of teeth are recognised in
fish based on their structure-cardiform, villiform,
caniniform, incisiform and molariform.

Teeth types: The following teeth patterns are
encountered in the fishes seen in tropical waters.

Canine teeth: They are sharp, highly pointed teeth
seen in predatory fishes which are seen to attack
and hold prey in their sharp teeth. The teeth are also
used to tear off flesh from the prey. Sharks are best
examples of fishes with canine teeth.

Incisor teeth: Incisors are used for cutting and they
come in variety of shapes. These are flattened tooth
with chisel like or saw edges.

Molar teeth: These are blunt, rounded, broad tooth
adapted for crushing and grinding shellfish. They are
generally found in bottom dwelling fish.

Villiform teeth: Villiform teeth are elongated teeth
they are very long, slender and crowded having
the appearance of velvet or fine bristles of a brush.



They are more common on deep see fishes used for
stabbing and direction.

Dental plates: Teeth fused to form beak like plates.

There are four different types of fish scale, each with
their own characteristics and variations.

Placoid Scales: Placoid scales are formed of a
rectangular base plate that is embedded within the skin
of the fish and some of spine externally. The interior
of the scale is a pulp that receives blood from the
fish's vascular system, while the outside is made of an
enamel-like substance called vitrodentine. The shape
of the spines can vary greatly depending on species.
However, almost all give the fish a rough texture. Sharks
and rays are examples of fish with placoid scales.

Cosmoid Scales: Cosmoid scales have evolved from
placoid scales fusing together. This is because cosmoid
scales have two base plates and similar external spines
composed of vitrodentine. The base plates are made
from bone and new bone is added as the fish grows.
Lungfishes and coelacanths have cosmoid scales.

Ganoid Scales: Ganoid scales have a bony base layer
similar to that of cosmoid scales. and are modified
cosmoid scales. However, they differ in that their
outer layer is made of an inorganic bone salt called
ganoine and that they are diamond-shaped and
interconnected. Between ganoid scales are peg-and-
socket joints that articulate. Ganoid scales are found
on sturgeons, bowfish, paddlefishes and gars.

Cycloid and Ctenoid Scales: Cycloid and ctenoid scales
have different shapes but the same composition and
positioning. Both are composed of collagen and calcium
carbonate, rather than bone, and both are overlapping.
This means that they are more flexible than the other types
of scales. While the edges of cycloid scales are smooth,
those of ctenoid scales have tiny teeth-like protrusions
called ctenii, giving them a rougher texture. The majority
of bony fish have cycloid or ctenoid scales.

Caudal Fin types

The caudal fin is the tail fin, located at the end of the
caudal peduncle and is used for propulsion. Types of

caudal fin encountered in the present study are

Heterocercal: the vertebrae extend into the upper
lobe of the tail, making it longer. Eg., sharks.

Homocercal: the vertebrae extend for a very short
distance into the upper lobe of the fin, but the fin
appears superficially symmetric. Most modern fishes
are homocercal tailed fishes. In homocercal tail
patterns, the following subpatterns are noticed.

Emarginate: ending in a slight inward curve
Lunate: ending in crescent shape

Forked: ending in two prolonged edges

Deeply forked: with the caudal fin deeply cut
into two

Truncate: ending in vertical edge

Rounded: ending in round shape

Rhomboid: ending in rhomboid shape.

Notched or double emarginate: with two inward
curves and a central point.

Pointed: trailing to a final point.

The list presented is tentative and adopted from
Froese and Pauly (2006)

Order: Anguilliformes (Apodes)

The Order Anguilliformes, or true eels, contains 20
families and about 820 species. Species are usually
elongate and slender, with single dorsal and anal fins
that are continuous with the caudal fin (if present) in
most species. All species lack fins and skeleton while
some groups lack pectoral fins. Scales are usually
absent, or if present, are cycloid and embedded in
skin. All have leptocephalus larvae.

Most true eels are predators and belong to
one of three families Congridae (Conger eels),
Muraenidae (Moray Eels) and Ophichthidae (snake
eels and worm eels). Some species are excellent
food fish and form the basis of very important
commercial fisheries.

In August 2011, a new family, the Protoanguillidae,
comprising a single genus and species, with a separate
caudal fin and many other primitive characters
was described. Johnson et al. (2011) reports that
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based on morphological and molecular data this
species is the most primitive living member of the
order Anguilliformes

Family Anguillidae (Freshwater eels)

Members in this family undertake long migrations

to breed offshore in the deep water (catadromous);

body elongate, one genus with 15 species. In India,

2 species has been reported.

* Anguilla bengalensis bengalensis-Indian longfin
eel, Indian mottled eel

* Anguilla bicolor bicolor-Shortfin eel, Indonesian
shortfin eel

Family Colocongridae (Short tail Eels)

Body stubby, snout blunt, pectoral fins present. One
genus, Coloconger with about 5 species; one species
reported from India

* Coloconger raniceps-Froghead eel

Family Congridae (Conger and garden
eels)

Bodly elongate, lack scales, possess pectoral fins. These feed
on crustaceans and small fish and do not migrate to breed.

Three subfamilies with 32 genera and roughly 160
species; 11 species recorded from Indian waters.

Subfamily Heterocongrinae (Garden Eels) with 2
genera-Gorgasia and Heteroconger

Subfamily Bathymyrinae with about 5 genera-
Ariosoma, Bathymyrus, Chiloconger, Parabathymyrus
and Paraconger.

Subfamily Congrinae with about 25 genera.

Species recorded from India

* Ariosoma anago

* Bathymyrus echinorhynchus

* Conger cinereus-Longfin African conger

* Gorgasia maculata-Whitespotted garden eel
* Promyllantor purpureus

* Uroconger lepturus-Slender conger

* Xenomystax trucidans

Family Moringuidae (Worm or spaghetti eels)

Small eels with a maximum size of 50 cm. Body
moderately or very elongate, cylindrical except near
tip of tail. Scales absent, eyes small covered with skin.

Species recorded from India

* Moringua abbreviata

* Moringua bicolor-Bicolor spaghetti eel
* Moringua javanica-Java spaghetti eel
* Moringua microchir-Lesser thrush eel

Family Muraenesocidae (Pike congers)

Elongated body with large eyes, covered with skin;
dorsal fin origin over or slightly before the pectoral
base. Teeth well developed; conspicuous lateral line

Four genera, Congresox, Cynoponticus, Muraenesox
and Sauromuraenesox with about eight species
recorded worldwide. Four species recorded from India.

Species recorded from India

* Congresox talabon-Yellow pike conger

» Congresox talabonoides-Indian pike conger

* Muraenesox bagio-Common pike conger, pike eel
* Muraenesox cinereus-Dagger-tooth pike conger

Family Muraenidae (Moray eels)

Efficient predators on reefs and rocky shores.
Smaller sized eels like Gymnothorax are reported to
be involved in ciguatera fish poisoning. This is said
to be due to the eels feeding on a ciguatoxic fish
mainly plant eaters feeding on a particular algae.
About 15 genera with about 185 species reported
worldwide; 35 species said to occur in India.

Family Muraenidae is divided into 2 subfamilies-
sub family Uropterygiinae with four genera
Anarchias, Channomuraena, Scuticaria and
Uropterygius and subfamily Muraeninae with about
11 genera, Echidna, Enchelycore, Enchelynassa,
Gymnomuraena, Gymnothorax, Siderea, Strophidon
and Thyrsoidae

Species recorded from India
* Anarchias allardicei-Allardice's moray



* Anarchias cantonensis-Canton Island moray

* Echidna delicatula-Mottled moray

* FEchidna leucotaenia-Whiteface moray

* Echidna nebulosa-Snowflake moray

 FEchidna polyzona-Barred moray

* Enchelynassa canina-Viper moray

e Gymnomuraena zebra-Zebra moray

* Gymnothorax buroensis-Vagrant moray

* Gymnothorax enigmaticus-Enigmatic moray

e Gymnothorax favagineus-Laced moray

¢ Gymnothorax fimbriatus-Fimbriated moray

* Gymnothorax flavimarginatus-Yellow-edged moray

e Gymnothorax hepaticus-Liver-colored moray eel

* Gymnothorax javanicus-Giant moray

* Gymnothorax meleagris-Turkey moray

e Gymnothorax monochrous-Drab moray

* Gymnothorax monostigma-One-spot moray

* Gymnothorax pictus-Peppered moray

e Gymnothorax pseudothyrsoideus-Highfin moray

¢ Gymnothorax punctatofasciatus-Bars'n spots moray

* Gymnothorax punctatus-Red Sea whitespotted moray

* Gymnothorax reticularis

* Gymnothorax richardsonii-Richardson's moray

* Gymnothorax rueppellii-Banded moray

e Gymnothorax thyrsoideus-Greyface moray

* Gymnothorax tile-Freshwater moray

* Gymnothorax undulatus-Undulated moray

e Scuticaria tigrina (native) Tiger reef-eel

* Strophidon sathete-Gangetic moray, slender
giant moray

* Uropterygius concolor-Unicolor snake moray

* Uropterygius macrocephalus-Needle-tooth moray

* Uropterygius marmoratus-Marbled reef-eel

Family Nemichthyidae (Snipe eels)

Snipe eels are found in every ocean and generally
occupy depths of 300-600 m. Body elongate with
extremely long, upper and lower jaws and large
eyes. Three genera reported in the family Avocettina,

Labicthys, Nemichthys with about nine species

Species recorded from India
* Nemichthys scolopaceus-Slender snipe-eel

Family Nettastomatidae (Duckbill eels)

Body elongate with slender tail which is regenerated

when broken. Mouth large. Family represented
by six genera, Facciolella, Hoplunnis, Nettastoma,
Nettenchelys, Saurenchelys and Venefica, with about
38 species.

Species recorded from India
* Nettenchelys taylori

Family Ophichthidae (Snake eels)

Ophichthids are found worldwide in tropical to
warm temperate waters. They inhabit a wide range
of habitats, from coastal shallows, and even rivers, to
depths of above 750 m (2,460 ft). Most species are
bottom dwellers, hiding in mud or sand to capture
their prey of crustaceans and small fish, but some
are pelagic. The family is supported by two subfamilies-
subfamily Myrophinae (worm eels) with 11 genera,
Benthenchelys, Ahlia, Asarcenchelys, Glenoglossa,
Mixomyrophis, Muraenichthys, Myrophis, Neenchelys,
Pseudomyrophis, Schismorhychus and Schultzidia and
Subfamily Ophichthinae (Snake eels) with 41 genera

Species recorded from India

* Bascanichthys deraniyagalai-Indian longtailed sand-
eel

* Bascanichthys longipinnis

* Caecula pterygera-Finny snake-eel

* Callechelys catostoma-Black-striped snake eel

* Lamnostoma orientalis-Oriental worm-eel,
Oriental sand-eel

* Lamnostoma polyophthalma-Ocellated sand-eel

* leiuranus semicinctus-Saddled snake eel

* Muraenichthys schultzei-Maimed snake eel

* Myrichthys colubrinus-Harlequin snake eel

* Neenchelys buitendijki-Fintail serpent eel

* Ophichthus altipennis-Highfin snake eel

* Ophichthus apicalis-Bluntnose snake-eel

* Opbhichthus cephalozona-Dark-shouldered snake eel

* Pisodonophis boro-Rice-paddy eel

* Pisodonophis cancrivorus-Longfin snake-eel

* Scolecenchelys macroptera-Slender snake eel

» Skythrenchelys zabra-Angry worm eel

* Xestochilus nebulosus-Nebulous snake eel

Order Atheriniformes

The order has six families in 2 suborders -
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Suborder Atherinopsoidei

Family Atherinopsidae-new world silversides

11 genera and about 108 species in two subfamilies

Suborder Atherinoidei

Family Notocheiridae-Surf sardines

Species recorded from India
* [so natalensis-Surf sprite

Family Atherinidae-silversides

The Atherinidae is a large family of principally marine
and euryhaline (living in varied salinities) fishes that is
circumglobal in distribution. A few species are strictly
confined to fresh water.

Species recorded from India

* Atherinomorus duodecimalis-Tropical silverside

* Atherinomorus lacunosus-Hardyhead silverside

* Atherinomorus pinguis-Narrow-banded
hardyhead silverside

* Hypoatherina barnesi-Barnes' silverside

* Hypoatherina valenciennei-Sumatran silverside

Family Melanotaeniidae-rainbow fishes and
blue eyes

Seventeen genera with 113

recorded worldwide.

species

Order Aulopiformes

Suborder Chlorophthalmoidei
includes 5 families
Family Bathysauroididae-Bathysauroidids

One species Bathysauroides gigas (not reported
from India)

Family Chlorophthalmidae-Greeneyes

Large eye with teardrop-shaped pupil and distinctive
lensless space anteriorly. A hermaphroditic species.

Species recorded from India
* Chlorophthalmus agassizi-Shortnose greeneye
* Chlorophthalmus bicornis-Spiny jaw greeneye

Family Ipnopidae-Deepsea tripod fishes

The family lpnopidae includes five genera
Bathymicrops, Bathypterois, Bathytyphlops,
Discoverichthys and Ipnops and 29 species of slender
deep-sea fishes (Nelson, 2006) distributed worldwide
demersally in tropical and temperate seas, at depths
between 476 and 6000 m (McEachran & Fechhelm
1998). Eyes minute or plate like, directed dorsally.

Species recorded from India

* Bathypterois atricolor-Attenuated spider fish
* Bathypterois guentheri-Tribute spiderfish

* Bathypterois insularum

Family Paraulopidae-Cucumber Fishes

One genes Paraulopus, with 10 species; no species
recorded from Indian waters.

Family Synodontidae-Lizardfishes

These are generally small with a slender cylindrical
body and head that superficially resemble those
of lizards. They have a dioecious mode of reproduction.
Worldwide, four genera with about 57 species have
been recorded.

In India 22 species have been reported in three genera-
Harpadon, Saurida, Trachinocephalus and Synodus

Subfamily Synodontinae (Lizard Fishes)

Two genera, Synodus and Trachinocephalus with
about 37 species

Species recorded from India

* Synodus englemani-Engleman's lizardfish
* Synodus indicus-Indian lizardfish

* Synodus jaculum-Lighthouse lizardfish

* Synodus macrocephalus

* Synodus macrops-Triplecross lizardfish

* Synodus variegatus-Variegated lizardfish
* Trachinocephalus myops



Subfamily Harpadontinae-
Bombay Ducks

Two genera Harpadon and Saurida, with about 20 species

Species recorded from India

* Harpadon nehereus-Bombay duck

* Saurida gracilis-Gracile lizardfish

* Saurida isarankurai-Shortjaw saury

e Saurida longimanus-Longfin lizardfish

* Saurida micropectoralis-Shortfin lizardfish
* Saurida nebulosa-Clouded lizardfish

* Saurida tumbil-Greater lizardfish
 Saurida undosquamis-Brushtooth lizardfish
* Saurida wanieso-Wanieso lizardfish

Family Aulopidae (Flagfins)
Two genera Aulopus and Hime

Family Pseudotrichonotidae (Sandiving
Lizardfishes)

Family Cimolichthyidae
one genus Cimolichthys
Family Enchodontidae

With five genera Enchodus, Eurypholis, Palaeolycus,
Parenchodus, Rharbichthys, Saurorhamphus

Family Scopelarchidae

Pearleyes with four genera, Benthalbella,
Rosenblattichthys, Scopelarchoides and Scopelarchus

Family Evermannellidae (Sabertooth
Fishes)

Three genera, Coccorella, Evermannella and
Odontostomps with seven species

Family Alepisauridae (Lancetfishes)

Slender elongated body with a large mouth and strong
teeth. Two genera, Alepisaurus and Omosudis reported
worldwide (Nelson 2006). However as per Eschmeyer
(2015), only one genus Alepisaurus has been recorded.

Species recorded from India
* Alepisaurus ferox-Longnose lancetfish

Order Batrachoidiformes
Family Batrachoididae (Toadfishes)

Species recorded from India

* Allenbatrachus grunniens (native) Frog fish,
Grunting toadfish

* Austrobatrachus dussumieri (native) Flat toadfish

Order Beloniformes
Family Adrianichthyidae (Ricefishes)

Species recorded from India

* Horaichthys setnai-Thready top-minnow,
Malabar ricefish

* Oryzias carnaticus

* Oryzias dancena

Family Belonidae (Needlefishes)

Needlefishes have slender, stream-lined bodies, and
very long jaws filled with very sharp teeth. They
are voracious predators and feed mostly on small
fishes. In most species, the upper jaw only reaches
its full length in adulthood, so the juveniles have a
half-beak appearance, with an elongated lower jaw,
but a much smaller upper one. During this stage of
their lifecycle, they eat plankton, switching to fish
once the beak fully develops. Needlefish reproduce
through mating and lay eggs. The male usually rides
the female on the waves as they mate.

5 genera are recorded from India with 9 species
Species recorded from India

* Ablennes hians-Flat needlefish

* Platybelone argalus platyura-Keeled needlefish

* Strongylura incisa-Reef needlefish

* Strongylura leiura-Banded needlefish

» Strongylura strongylura-Spottail needlefish

* Tylosurus acus melanotus-Keel-jawed needle fish
* Tylosurus crocodilus-Houndfish, Crocodile needlefish
* Xenentodon cancila-Freshwater garfish
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Family Exocoetidae (Flyingfishes)

Elongate bodied fishes with cylindrical shape,
flattened ventrally in some species. Head short. Snout
blunt. Worldwide, five subfamilies with 52 species in
8 genera has been reported. Represented in Indian
waters by 18 species in 6 genera.

Species recorded from India
* Cheilopogon abei-Abe's flyingfish
* Cheilopogon cyanopterus-Margined flyingfish
* Cheilopogon furcatus-Spotfin flyingfish
* Cheilopogon intermedius
* Cheilopogon nigricans-African flyingfish
* Cheilopogon spilopterus-Manyspotted flyingfish
* Cheilopogon suttoni-Sutton's flyingfish
* Cypselurus naresii-Pharao flyingfish
* Cypselurus oligolepis-Largescale flyingfish
* Exocoetus monocirrhus-Barbel flyingfish
* Exocoetus volitans-Tropical two-wing flyingfish
* Hirundichthys coromandelensis-
Coromandel flyingfish
* Hirundichthys oxycephalus-Bony flyingfish
* Hirundichthys speculiger-Mirrorwing flyingfish
* Parexocoetus brachypterus-Sailfin flyingfish
* Parexocoetus mento-African sailfin flyingfish
* Prognichthys brevipinnis-Shortfin flyingfish

Family Hemiramphidae (Halfbeaks)

Elongate fishes with a prolonged lower jaw and a short
triangular upper jaw. Spines absent in fins. Represented
in Indian waters by 17 species in 7 genera.

Species recorded from India

* Dermogenys brachynotopterus-Gangetic halfbeak

* Dermogenys pusilla-Freshwater halfbeak,
Wrestling halfbeak

* Euleptorhamphus viridis-Ribbon halfbeak

* Hemiramphus archipelagicus-Jumping halfbeak

* Hemiramphus far-Blackbarred halfbeak

* Hemiramphus lutkei -Lutke's halfbeak

* Hyporhamphus affinis -Tropical halfbeak

* Hyporhamphus balinensis -Balinese garfish

* Hyporhamphus dussumieri -Dussumier's halfbeak

* Hyporhamphus limbatus-Congaturi halfbeak,
Hyporhamphus quoyi-Quoy's garfish

* Hyporhamphus sindensis -Sind halfbeak

* Hyporhamphus unicuspis -Simpletooth halfbeak
* Hyporhamphus xanthopterus -Red-tipped halfbeak
* Oxyporhamphus micropterus
micropterus -Bigwing halfbeak
* Rhynchorhamphus georgii -Long billed half beak
* Rhynchorhamphus malabaricus -Malabar halfbeak
* Zenarchopterus buffonis-Buffon's river-garfish
e Zenarchopterus dispar -Viviparous half beak,
Feathered river-garfish
* Zenarchopterus ectuntio -Ectuntio halfbeak
e Zenarchopterus gilli Viviparous halfbeak
» Zenarchopterus pappenheimi -Bangkok halfbeak
» Zenarchopterus striga -Hooghly halfbeak

Order Beryciformes

The Order has 7 families with 29 genera and 144
species. All species are marine. Four families represented
in Indian waters.

Family Berycidae (Alfonsinos)

Dorsal fin without notch, with 4-7 spines increasing
in length from first to last, and 12-20 soft rays. 2
genera with about 9 species.

Species recorded from India

* Beryx decadactylus-Alfonsino

* Beryx splendens-Splendid alfonsino

* Centroberyx rubricaudus-Red alfonsino

Family Holocentridae (Squirrelfishes,
soldierfishes)

Species with a long dorsal fin with spiny portion and
soft rayed portion divided by a notch. Holocentrids
(squirrelfish and soldierfish) are vocal reef fishes
whose calls and sound-producing mechanisms have
been studied in some species only. Worldwide, eight
genera with 78 species has been reported. In India,
18 species in 4 genera have been recorded.

Species recorded from India

* Myripristis adusta-Shadowfin soldierfish

* Myripristis botche-Blacktip soldierfish

* Myripristis hexagona-Doubletooth soldierfish
e Myripristis murdjan-Pinecone soldierfish

* Neoniphon argenteus-Clearfin squirrelfish



¢ Neoniphon opercularis-Blackfin squirrelfish

* Neoniphon sammara-Sammara squirrelfish

* Ostichthys acanthorhinus

* Ostichthys japonicus-Brocade perch

* Sargocentron caudimaculatum-Silverspot squirrelfish
 Sargocentron diadema-Crown squirrelfish

* Sargocentron ittodai-Samurai squirrelfish
 Sargocentron microstoma-Smallmouth squirrelfish
* Sargocentron praslin-Dark-striped squirrelfish
 Sargocentron punctatissimum-Speckled squirrelfish
* Sargocentron rubrum-Redcoat

e Sargocentron spiniferum-Sabre squirrelfish

* Sargocentron violaceum-Violet squirrelfish

Family Monocentridae (Pinecone fishes)

The family contains just four species in two genera,
one of which is monotypic. Worlwide two genera
with four species recorded. In India, one species in
one genus has been recorded.

Species recorded from India
* Monocentris japonica -Japanese pinecone fish

Order Carcharhiniformes

Family Carcharhinidae (Requiem sharks)
 Carcharhinus altimus-Bignose shark

* Carcharhinus amblyrhynchoides-Graceful shark

* Carcharhinus amboinensis-Pigeye shark

e Carcharhinus brevipinna-Spinner shark

* Carcharhinus dussumieri-Whitecheek shark

* Carcharhinus falciformis-Blackspot shark, Silky shark
* Carcharhinus hemiodon-Pondicherry shark

* Carcharhinus leucas-Bull shark

* Carcharhinus limbatus-Blacktip shark

* Carcharhinus longimanus-Oceanic whitetip shark
* Carcharhinus macloti-Maclot's shark

* Carcharhinus melanopterus-Blacktip reef shark

e Carcharhinus sealei-Blackspot shark

* Carcharhinus sorrah-Sorrah, Spottail shark

* Galeocerdo cuvier-Tiger shark

e Lamiopsis temminckii-Broadfin shark

* [oxodon macrorhinus-Sliteye shark

* Negaprion acutidens-Sicklefin lemon shark

* Prionace glauca-Blue shark

* Rhizoprionodon acutus-Milk shark

* Rhizoprionodon oligolinx-Grey dog shark

* Scoliodon laticaudus-Spadenose shark
* Triaenodon obesus-Whitetip reef shark

Family Hemigaleidae (Weasel sharks)

* Chaenogaleus macrostoma-Hooktooth shark

* Hemipristis elongata-Elliot's grey shark,
Snaggletooth shark

Family Proscylliidae (Finback catsharks)
* Fridacnis radcliffei-Pygmy ribbontail catshark

Family Scyliorhinidae (Cat sharks)

* Apristurus investigatoris-Broadnose catshark

* Atelomycterus marmoratus-Marbled cat shark,
Coral catshark

Cephaloscyllium silasi-Indian swellshark

* Halaelurus hispidus-Bristly catshark

* Halaelurus quagga-Quagga catshark

Family Sphyrnidae (Hammerhead
sharks)

* Eusphyra blochii-Winghead shark

* Sphyrna lewini-Scalloped hammerhead

* Sphyrna mokarran-Great hammerhead

* Sphyrna zygaena-Round-headed hammerhead

Family Triakidae (Houndsharks)
* lago omanensis-Bigeye houndshark
e Mustelus mosis-Arabian smooth-hound

Order Clupeiformes

Herrings are certainly among the most valuable
commercial fishes in the world, being important food
fishes in many countries and serving as a chief source of
fish meal for animal feeds. The order Clupeiformes include
anchovies, herrings, sardines, shads, gizzard shads, wolf
herrings and their relatives. The current classification by
Nelson (2006), divided the Clupeoidei into four families:
the Engraulidae with two subfamilies with 139 species in
16 genera, the Pristigasteridae with two subfamilies and
37 species in 9 genera, the Chirocentridae with 2 species
in one genus and the Clupeidae with five subfamilies with
216 species in 66 genera.

Family Chirocentridae (Wolf herring)

Species recorded from India
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* Chirocentrus dorab-Dorab wolf-herring
* Chirocentrus nudus-Whitefin wolf-herring

Family Clupeidae (Herring, shads and
sardines)

The family consists over 31 species in 16 genera.

Species recorded from India
* Amblygaster clupeoides-Bleeker
smoothbelly sardinella
* Amblygaster leiogaster -Smooth-belly sardinella
* Amblygaster sirm-Spotted sardinella
* Anodontostoma chacunda -Chacunda
gizzard shad
* Dayella malabarica -Day's round herring
* Fhirava fluviatilis-Malabar sprat
* Escualosa thoracata -White sardine
* Gonialosa manmina -Ganges river gizzard shad
* Gudusia chapra-Indian river shad
* Herklotsichthys
quadrimaculatus -Bluestripe herring
* Hilsa kelee -Kelee shad
* Nematalosa galatheae-Galathea gizzard shad
* Nematalosa nasus -Hairback, Bloch's
gizzard shad
* Opisthopterus tardoore -Tardoore
* Sardinella albella -White sardinella
* Sardinella brachysoma-Deepbody sardinella
* Sardinella fimbriata -Fringescale sardinella
* Sardinella gibbosa -Goldstripe sardinella
* Sardinella jussieu -Mauritian sardinella
* Sardinella longiceps -Indian oil sardine
* Sardinella melanura-Blacktip sardinella
* Sardinella sindensis -Sind sardinella
* Spratelloides delicatulus-Delicate round herring
* Spratelloides gracilis -Silver-stripe round herring
* Tenualosa ilisha-llish
* Tenualosa toli-Toli shad

Family Dussumieriidae (Round herring)

Though two genera are recorded worldwide, one
genus with two species are reported.

Species recorded from India
* Dussumieria acuta-Rainbow sardine
* Dussumieria elopsoides-Slender rainbow sardine

Family Engraulidae (Anchovies)

The anchovies are small herring-like fishes; but they
are easily distinguishable from the herrings by the fact
that their mouths are much larger and gape much
farther back, but are on the lower side of the head,
and are overhung by the upper jaw, which projects
like a short piglike snout in some species.

Though 16 genera with 139 speciesare recorded
worldwide, five genera with 35 species are recorded
from India.

Species recorded from India

* Coilia dussumieri-Goldspotted grenadier anchovy
* Colilia grayii-Gray's grenadier anchovy

* Coilia neglecta-Neglected grenadier anchovy

* Coilia ramcarati-Ramcarat grenadier anchovy

* Encrasicholina devisi-Devis' anchovy

* Encrasicholina heteroloba-Shorthead anchovy

* Encrasicholina punctifer-Buccaneer anchovy

* Setipinna breviceps Shorthead hairfin anchovy

* Setipinna brevifilis (endemic) Short-hairfin anchovy
* Setipinna phasa (endemic) Gangetic hairfin anchovy
* Setipinna taty-Scaly hairfin anchovy

* Setipinna tenuifilis-Common hairfin anchovy

* Stolephorus andhraensis-Andhra anchovy

* Stolephorus baganensis-Bagan anchovy
 Stolephorus commersonnii-Commerson's anchovy
* Stolephorus dubiosus-Thai anchovy

* Stolephorus indicus-Indian anchovy

* Stolephorus insularis-Hardenberg's anchovy

* Stolephorus waitei-Spotty-face anchovy

* Thryssa baelama-Baelama anchovy

* Thryssa dayi-Day's thryssa

* Thryssa dussumieri-Dussumier's thryssa

* Thryssa encrasicholoides-False baelama anchovy
* Thryssa gautamiensis-Gautama thryssa

* Thryssa hamiltonii-Hamilton's thryssa

* Thryssa kammalensoides-Godavari thryssa

* Thryssa malabarica-Malabar thryssa

* Thryssa mystax-Moustached thryssa

* Thryssa polybranchialis-Humphead thryssa

* Thryssa purava-Oblique-jaw thryssa

* Thryssa setirostris-Longjaw thryssa

* Thryssa spinidens-Bengal thryssa

* Thryssa stenosoma-Slender thryssa

* Thryssa vitrirostris-Orangemouth anchovy



Family Pristigasteridae (Pristigasterids)
* llisha elongata-Elongate ilisha

* |lisha filigera-Coromandel ilisha

¢ llisha kampeni-Kampen's ilisha

* llisha megaloptera-Bigeye ilisha

* /lisha melastoma-Indian ilisha

* [lisha striatula-Banded ilisha

* Pellona dayi-Day's pellona

* Pellona ditchela-Indian pellona

Order Elopiformes

Family Elopidae (Tenpounders)
* FElops machnata (native) Ladyfish, tenpounder

Family Megalopidae (Tarpons)
* Megalops cyprinoides (native) Oxeye tarpon, Indo-
Pacific tarpon

Order Gadiformes

Family Bregmacerotidae (Codlets)
e Bregmaceros mcclellandi (native) Spotted codlet

Family Macrouridae (Grenadiers or rattails)
* Bathygadus furvescens (native)

* Caelorinchus flabellispinnis (native)

* Caelorinchus parallelus (native) Spiny grenadier

¢ Coryphaenoides hextii (native)

* Coryphaenoides macrolophus (native)

* Coryphaenoides woodmasoni (native)

e Gadomus multifilis (native)

* Sphagemacrurus pumiliceps (native)

Order Gasterosteiformes

Family Pegasidae (Seamoths)

* FEurypegasus draconis (native) Short dragonfish
* Pegasus laternarius (native)

e Pegasus volitans (native) Longtail seamoth

Family Chanidae (Milkfish)
Chanos chanos (native) Milkfish

Order Hexanchiformes

Family Hexanchidae (Cow sharks)

* Heptranchias perlo (native) Sharpnose
sevengill shark

Order Lamniformes
Family Alopiidae (Thresher sharks)

*» Alopias pelagicus (native) Pelagic thresher
* Alopias superciliosus (native) Bigeye thresher
* Alopias vulpinus (native) Thintail thresher

Family Lamnidae (Mackerel sharks or

white shark)

* [surus oxyrinchus (native) Shortfin shark,
Shortfin mako

Family Odontaspididae (Sand tigers)

* Carcharias taurus (native), Sand tiger shark

* Carcharias tricuspidatus (native) Blue nurse sand-
tiger, Indian sand tiger

Order Lampriformes

Family Lophotidae (Crestfishes)
* Eumecichthys fiski (native), Unicorn crestfish

Family Veliferidae (Velifers)

* Velifer hypselopterus (native), Sailfin velifer

Order Lophiiformes

Family Antennariidae (Frogfishes)

* Antennarius coccineus (native), Scarlet frogfish
* Antennarius hispidus (native), Shaggy angler

» Antennarius indicus (native), Indian frogfish

* Antennarius nummifer (native), Spotfin frogfish
* Antennarius pictus (native), Painted frogfish

* Antennarius striatus (native), Striated frogfish

* Histrio histrio (native), Sargassum fish

Family Chaunacidae (Sea toads)
* Chaunax pictus (native), Pink frogmouth

Family Diceratiidae (Double anglers)
* Diceratias bispinosus (native), Two-rod anglerfish

Family Lophiidae (Goosefishes)
* Lophiodes gracilimanus (native)
* Lophiodes mutilus (native), Smooth angler
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* Lophiomus setigerus (native), Blackmouth angler

Family Ogcocephalidae (Batfishes)
* Dibranchus nasutus (native)

e Halicmetus ruber (native)

* Halieutaea coccinea (native)

* Halieutaea indica (native), Indian handfish
* Halieutaea stellata (native), Starry handfish

Family Oneirodidae (Dreamers)
* Lophodolos indicus (native)

Order Myctophiformes

Family Myctophidae (Lanternfishes)

* Bolinichthys pyrsobolus (native)

* Benthosema petrotum Skinnycheek lantern fish

* Diaphus luetkeni (native)

* Diaphus splendidus (native)

* Hygophum reinhardtii (native), Reinhardt's
lantern fish

* Myctophum affine (questionable), Metallic
lantern fish

* Myctophum aurolaternatum
Golden lanternfish

* Myctophum indicum (native)

* Myctophum spinosum (native), Spiny lantern fish

» Symbolophorus evermanni (native), Evermann's
lantern fish

(native),

Order Notacanthiformes

Family Halosauridae (Halosaurs)

* Aldrovandia affinis (native), Gilbert's halosaurid fish

e Aldrovandia mediorostris (native)

* Aldrovandia phalacra (native),
halosaurid fish

* Halosaurus parvipennis (native)

Hawaiian

Order Ophidiiformes
Family Bythitidae (Viviparous brotulas)

* Dinematichthys iluocoeteoides (native), Yellow
pigmy brotula

Family Carapidae (Pearlfishes)

* Carapus boraborensis (native), Pinhead pearlfish

* Carapus mourlani (native), Star pearlfish
* Encheliophis gracilis (native), Graceful pearlfish
* Encheliophis homei (native), Silver pearlfish

Famlly Ophidiidae (Cusk-eels)
Bassozetus glutinosus (native)

* Brotula multibarbata (native), Goatsbeard brotula

* Dicrolene introniger (questionable), Digitate
cusk eel

* Enchelybrotula paucidens (native)

* Glyptophidium argenteum (native)

* Holcomycteronus pterotus (native)

* Monomitopus conjugator (native)

* Monomitopus nigripinnis (native)

* Neobythites steatiticus (native)

* Porogadus trichiurus (native)

* Tauredophidium hextii (native)

Order Orectolobiformes

Family Ginglymostomatidae (Nurse

sharks)

* Nebrius ferrugineus (native) Giant sleepy shark,
Tawny nurse shark

Family Hemiscylliidae (Bamboo sharks)
* Chiloscyllium arabicum (native),

Arabian carpetshark
* Chiloscyllium griseum (native) Grey bambooshark
* Chiloscyllium indicum (native)

Slender bambooshark
* Chiloscyllium plagiosum (native),

Whitespotted bambooshark
* Chiloscyllium punctatum (native),

Brownbanded bambooshark

Family Rhincodontidae (Whale shark)
* Rhincodon typus (native) Whale shark, Whale shark

Family Stegostomatidae (Zebra sharks)
* Stegostoma fasciatum (native) Zebra shark, Zebra shark

Order Osmeriformes

Family Alepocephalidae (Slickheads)
* Aulastomatomorpha phospherops (native)
* Bathytroctes squamosus (questionable)



¢ Narcetes erimelas (native)

Family Platytroctidae (Tubeshoulders)
* Platytroctes apus (native), Legless searsid
* Platytroctes mirus (native), Leaf searsid

Order Perciformes

Family Acanthuridae (Surgeonfishes,
tangs, unicornfishes)
* Acanthurus gahhm, Black surgeonfish
e Acanthurus leucosternon (native),
Powderblue surgeonfish
* Acanthurus lineatus (native) Blue
linned surgeonfish
e Acanthurus mata (native), Elongate surgeonfish
e Acanthurus nigricans (native),
Whitecheek surgeonfish
e Acanthurus nigrofuscus (native),
Brown surgeonfish
* Acanthurus nigroris (native),
Bluelined surgeonfish
e Acanthurus tennentii (native),
Doubleband surgeonfish
e Acanthurus thompsoni (native),
Thompson's surgeonfish
e Acanthurus triostegus (native),
Convict surgeonfish
* Acanthurus xanthopterus (native),
Yellowfin surgeonfish
¢ (Ctenochaetus striatus (native),
Striated surgeonfish
* (Ctenochaetus strigosus (questionable),
Spotted surgeonfish
* Naso brachycentron (native),
Humpback unicornfish
* Naso brevirostris (native), Spotted unicornfish
¢ Naso lituratus (misidentification),
Orangespine unicornfish
¢ Naso tonganus (native), Bulbnose unicornfish
* Naso tuberosus (native), Humpnose unicornfish
¢ Naso unicornis (native), Bluespine unicornfish
* Naso vliamingii (native), Bignose unicornfish
* Paracanthurus hepatus (native),
Palette surgeonfish
e Zebrasoma flavescens (questionable),
Yellow tang

e Zebrasoma veliferum
» Zebrasoma xanthurum (native), Yellowtail tang

Family Acropomatidae (Lanternbellies,
* Acropoma japonicum (native), Glowbelly
* Synagrops philippinensis (native)

Family Ambassidae (Asiatic glassfishes)

* Ambassis ambassis (native) Commerson's
glassy perchlet

* Ambassis buton (native) Buton glassy perchlet

* Ambassis dussumieri (native) Malabar
glassy perchlet

* Ambassis gymnocephalus (native) Bald
glassy perchlet

* Ambassis interrupta (native) Interrupta glassy
perchlet, Long-spined glass perchlet

* Ambassis kopsii (native) Singapore glassy
perchlet, Freckled hawkfish

e Ambassis macracanthus (native), Estuarine
glass perchlet

* Ambassis miops (native) Myops glassy perchlet,
Flag-tailed glass perchlet

* Ambassis nalua (native) Nalua-chanda,
Scalloped perchlet

* Ambassis urotaenia (native) Banded-tail glassy
perchlet, Banded-tail glassy perchlet

* Chanda nama (native) Elongate glass-perchlet

* Parambassis dayi (endemic) Day's glass fish

* Parambassis lala (native) Highfin glassy perchlet

* Parambassis ranga (native) Indian glassy fish

e Parambassis thomassi (endemic) Western Ghat
glassy perchlet

* Pseudambassis baculis (native) Himalayan
glassy perchlett

Family Ammodytidae (Sand lances)
* Bleekeria kallolepis (native)

Family Anabantidae (Climbing
gouramies)

* Anabas cobojius (native) Gangetic koi

* Anabas testudineus (native) Climbing perch

Family Apogonidae (Cardinalfishes)
* Apogon coccineus (native), Ruby cardinalfish

* Apogon fasciatus (native), Broad-
banded cardinalfish
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Apogon fleurieu (native), Cardinalfish

Apogon fraenatus (native), Bridled cardinalfish
Apogon guamensis (native), Guam cardinalfish
Apogon holotaenia (native),

Copperstriped cardinalfish

Apogon kallopterus (native), Iridescent cardinalfish
Apogon leptacanthus (native), Threadfin cardinalfish

e Badis tuivaiei (native)
e Dario dario (native) Scarlet badis

Family Bathyclupeidae
* Bathyclupea hoskynii (native)

Family Blenniidae (Combtooth blennies)

* Apogon moluccensis (native),
Moluccan cardinalfish
* Apogon novemfasciatus,
Sevenstriped cardinalfish
* Apogon oxina (native)
* Apogon poecilopterus (native), Pearly-
finned cardinalfish
* Apogon quadrifasciatus (native),
Twostripe cardinal
* Apogon sangiensis (native), Sangi cardinalfish
* Apogon savayensis (native), Samoan cardinalfish
* Apogon taeniophorus (native), Reef-
flat cardinalfish
* Apogonichthys ocellatus (native),
Ocellated cardinalfish
* Archamia bleekeri (native)
* Archamia fucata (native),
Orangelined cardinalfish
* Cheilodipterus arabicus (native), Tiger cardinal
* Cheilodipterus quinquelineatus (native), Five-
lined cardinalfish
* foa brachygramma (native), Weed cardinalfish
* fowleria aurita (native), Crosseyed cardinalfish
* Gymnapogon africanus (questionable),
Crystal cardinal
* Pseudamia gelatinosa (native),
Gelatinous cardinalfish
* Rhabdamia cypselura (native),
Swallowtail cardinalfish
* Rhabdamia gracilis (native),
Luminous cardinalfish

Family Ariommatidae (Ariommatids)
Ariomma indica (native), Indian ariomma

Family Badidae

* Badis assamensis (native)

* Badis badis (native) Blue perch
* Badis blosyrus (native)

* Badis kanabos (native)

Alticus kirkii (native) Kirk's blenny

Andamia reyi (native) Suckerlip blenny
Antennablennius bifilum (native) Horned rockskipper
Aspidontus tractus (native)

Blenniella leopardus (native)

Blenniella periophthalmus (native) Blue-
dashed rockskipper

Cirripectes castaneus (native) Chestnut eyelash-
blenny

Cirripectes filamentosus (native) Filamentous blenny
Cirripectes perustus (native) Flaming blenny
Cirripectes polyzona (native)

Cirripectes quagga (native) Squiggly blenny
Cirripectes stigmaticus (native) Red-streaked blenny
Cirripectes variolosus (questionable) Red-
speckled blenny

Ecsenius midas (native) Persian blenny

Ecsenius pulcher (native)

Enchelyurus kraussii (native) Krauss' blenny
Entomacrodus striatus (native) Reef margin blenny
Entomacrodus vermiculatus (native)
Vermiculated blenny

Exallias brevis (native) Leopard blenny
Haptogenys bipunctata (native)

Hirculops cornifer (native) Highbrow rockskipper
Istiblennius dussumieri (native) Streaky rockskipper
Istiblennius edentulus (native) Rippled rockskipper
Istiblennius lineatus (native) Lined rockskipper
Istiblennius spilotus (native) Spotted rockskipper
Meiacanthus smithi (native) Disco blenny
Mimoblennius atrocinctus (native)

Omobranchus elongatus (native) Cloister blenny
Omobranchus fasciolatus (native) Arab blenny
Omobranchus ferox (native) Gossamer blenny
Omobranchus obliquus (native)

Omobranchus punctatus (native) Muzzled blenny
Omobranchus zebra (native) Zebra blenny
Parablennius thysanius (native) Tasseled blenny
Petroscirtes breviceps (native) Striped poison-fang
blenny mimic

Petroscirtes mitratus (native) Floral blenny



Petroscirtes xestus (native) Xestus sabretooth blenny
Plagiotremus rhinorhynchos (native)

Bluestriped fangblenny

Plagiotremus tapeinosoma (native) Piano fangblenny
Salarias fasciatus (native) Jewelled blenny
Salarias reticulatus (sp. nov.)[6]

Scartella emarginata (native) Maned blenny
Xiphasia setifer (native) Hairtail blenny

Family Caesionidae (Fusiliers)

Caesio caerulaurea (native), Blue and gold fusilier
Caesio cuning (native), Redbelly yellowtail fusilier
Caesio lunaris (native), Lunar fusilier

Caesio teres (native), Yellow and blueback fusilier
Caesio varilineata (native), Variable-lined fusilier
Caesio xanthonota (native), Yellowback fusilier
Dipterygonotus balteatus (native), Mottled fusilier
Gymnocaesio gymnoptera (native), Slender fusilier
Pterocaesio chrysozona (native), Goldband fusilier
Pterocaesio digramma (questionable), Double-
lined fusilier

Pterocaesio pisang (native), Banana fusilier
Pterocaesio tessellata (native), One-stripe fusilier
Pterocaesio tile (native), Dark-banded fusilier

Family Callionymidae (Dragonets)

Bathycallionymus kaianus (native)
Callionymus carebares (native),
deepwater dragonet

Callionymus erythraeus (native), Smallhead dragonet
Callionymus fluviatilis (native) River dragonet,
River dragonet

Callionymus japonicus (questionable)
Callionymus kotthausi (native)

Callionymus margaretae (native),

Margaret's dragonet

Callionymus megastomus (native)

Callionymus sagitta (native) Arrow headed
dragonet, Arrow dragonet

Eleutherochir opercularis (native) Indian dragonet,
Flap-qgilled dragonet

Indian

Family Carangidae (Jacks and
pompanos)

Alectis ciliaris (native), African pompano
Alectis indicus (native), Indian threadfish
Alepes djedaba (native), Shrimp scad
Alepes kleinii (native), Razorbelly scad

Alepes melanoptera (native), Blackfin scad
Alepes vari (native), Herring scad

Atropus atropos (native), Cleftbelly trevally

Atule mate (native), Yellowtail scad

Carangoides armatus (native), Longfin trevally
Carangoides chrysophrys (native), Longnose trevally
Carangoides ciliarius (questionable)
Carangoides coeruleopinnatus
Coastal trevally

Carangoides dinema (native), Shadow trevally
Carangoides ferdau (native), Blue trevally
Carangoides fulvoguttatus (native),
Yellowspotted trevally

Carangoides gymnostethus (native), Bludger
Carangoides hedlandensis (native),

Bumpnose trevally

Carangoides humerosus (native),

Duskyshoulder trevally

Carangoides malabaricus (native), Malabar trevally
Carangoides oblongus (native), Coachwhip trevally
Carangoides orthogrammus (native), Island trevally
Carangoides plagiotaenia (native), Barcheek trevally
Carangoides praeustus (native) Brown-backed
trevally, Brownback trevally

Carangoides talamparoides (native),

Impostor trevally

Caranx heberi (native), Blacktip trevally

Caranx hippos (questionable) Blacktailed trevally,
Crevalle jack

Caranx ignobilis (native) Giant kingfish,

Giant trevally

Caranx lugubris (native), Black jack

Caranx melampygus (native), Bluefin trevally
Caranx papuensis (native), Brassy trevally

Caranx sextfasciatus (native), Bigeye trevally
Caranx tille (native), Tille trevally

Decapterus macarellus (native), Mackerel scad
Decapterus macrosoma (native), Shortfin scad
Decapterus russelli (native), Indian scad

Elagatis bipinnulata (native), Rainbow runner
Gnathanodon speciosus (native), Golden trevally
Megalaspis cordyla (native) Torpedo scad, Torpedo scad
Naucrates ductor (native), Pilotfish
Parastromateus niger (native) Brown pomfret,
Black pomfret

Scomberoides commersonnianus (native),

Talang queenfish

Scomberoides lysan (native) Double-spotted

(native),
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gueenfish, Doublespotted queenfish
* Scomberoides tala (native), Barred queenfish
* Scomberoides tol (native), Needlescaled queenfish
* Selar boops (native), Oxeye scad
* Selar crumenophthalmus (native), Bigeye scad
* Selaroides leptolepis (native), Yellowstripe scad
* Seriola lalandi (native), Yellowtail amberjack
* Seriola rivoliana (native), Almaco jack
* Seriolina nigrofasciata (native), Blackbanded trevally
* Trachinotus baillonii (native), Smallspotted dart
* Trachinotus blochii (native), Snubnose pompano
* Trachinotus botla (native), Largespotted dart
* Trachinotus mookalee (native), Indian pompano
* Ulua mentalis (native), Longrakered trevally
* Uraspis helvola (native), Whitemouth jack
* Uraspis secunda (native), Cottonmouth jack
* Uraspis uraspis (native), Whitetongue jack

Family Centrogenyidae
» Centrogenys vaigiensis (native), False scorpionfish

Family Centrolophidae (Medusafishes)

* Psenopsis cyanea (native), Indian ruff

Family Cepolidae (Bandfishes)

* Acanthocepola indica (native)

Family Chaetodontidae (Butterflyfishes)
¢ Chaetodon andamanensis (native)
* Chaetodon auriga (native), Threadfin butterflyfish
* Chaetodon bennetti (native), Bluelashed butterflyfish
* Chaetodon citrinellus (native), Speckled butterflyfish
* Chaetodon collare (native), Redtail butterflyfish
* Chaetodon decussatus (native), Indian
vagabond butterflyfish
* Chaetodon falcula (native),
Blackwedged butterflyfish
* Chaetodon kleinii (native), Sunburst butterflyfish
* Chaetodon lunula (native), Raccoon butterflyfish
* Chaetodon melannotus (native),
Blackback butterflyfish
* Chaetodon meyeri (native), Scrawled butterflyfish
* Chaetodon octofasciatus (native),
Eightband butterflyfish
* Chaetodon punctatofasciatus (questionable),
Spotband butterflyfish
* Chaetodon speculum (native), Mirror butterflyfish
* Chaetodon trifascialis (native), Chevron butterflyfish

* Chaetodon trifasciatus (native), Melon butterflyfish
* Chaetodon vagabundus (native),
Vagabond butterflyfish
* Chaetodon xanthocephalus (native),
Yellowhead butterflyfish
* Chelmon rostratus (native), Copperband butterflyfish
* forcipiger longirostris (native),
Longnose butterflyfish
* Hemitaurichthys zoster (native), Brown-and-
white butterflyfish
* Heniochus acuminatus (native) Pennant coral fish,
Pennant coralfish
* Heniochus chrysostomus (native),
Threeband pennantfish
* Heniochus monoceros (native), Masked bannerfish
* Heniochus pleurotaenia (native),
Phantom bannerfish
* Heniochus singularius (native), Singular bannerfish
* Parachaetodon ocellatus (native),
Sixspine butterflyfish

Family Champsodontidae
» Champsodon capensis (questionable), Gaper
* Champsodon vorax (questionable)

Family Cichlidae (Cichlids)

* Ftroplus maculatus Orange Chromide

* Ftroplus canarensis (endemic) Canara pearlspot

* Ftroplus maculatus (native) Orange chromide

* Ftroplus suratensis (native) Green chromide

* Oreochromis mossambicus (introduced)
Mozambique cichlid

* Oreochromis niloticus (introduced), Nile tilapia

Family Cirrhitidae (Hawkfishes)

* Cirrhitichthys aureus (native), Yellow hawkfish

* Cirrhitichthys bleekeri (native)

* Cirrhitus pinnulatus (native), Stocky hawkfish

* Paracirrhites forsteri (native), Blackside hawkfish

Family Coryphaenidae (Dolphinfishes)

* Coryphaena hippurus (native), Common dolphinfish

Family Datnioididae
* Datnioides polota (native) Four-barred tigerfish

Family Drepaneidae (Sicklefishes)
* Drepane longimana (native), Concertina fish



¢ Drepane punctata (native) Spotted sicklefish

Family Echeneidae (Remoras)

¢ FEcheneis naucrates (native), Live sharksucker

* Phtheirichthys lineatus (native), Slender suckerfish
* Remora osteochir (native), Marlin sucker

¢ Remora remora (native) Common remora

* Remorina albescens (native), White suckerfish

Family Eleotridae (Sleepers)

* Bostrychus sinensis (native), Four-eyed sleeper

* Butis amboinensis (native), Olive flathead-gudgeon

* Butis butis (native) Duckbill sleeper

* Butis gymnopomus (native)

* Butis koilomatodon (native), Mud sleeper

e Butis humeralis (native) Blackspot sleeper

e Eleotris fusca (native) Dusky sleeperEleotris
lutea (native) Lutea sleeper

e Fleotris melanosoma (native) Broadhead sleeper

* Incara multisquamatus (native) Incara

* Odonteleotris macrodon (native) Gangetic sleeper

¢ Ophiocara porocephala (native) Flathead sleeper

Family Emmelichthyidae (Rovers)
* Erythrocles schlegelli

Family Ephippidae (Spadefishes,
batfishes and scats)

e Ephippus orbis (native), Orbfish

¢ Platax teira (native), Tiera batfish

Gempylidae (Snake mackerels)

* Epinnula magistralis (native), Domine

e Gempylus serpens (native), Snake mackerel

* Neoepinnula orientalis (native), Sackfish

* Promethichthys prometheus (native), Roudi escolar
* Rexea bengalensis (native), Bengal escolar

* Rexea prometheoides (native), Royal escolar

* Ruvettus pretiosus (native), Qilfish

Gerreidae (Mojarras)

* Gerres erythrourus (native), Deep-bodied mojarra
* Gerres filamentosus (native) Whiptail silver-biddy
¢ Gerres limbatus (native), Saddleback silver-biddy
* Gerres longirostris (native) Strongspine silver-biddy
e Gerres macracanthus (native)

¢ Gerres oblongus (native), Slender silverbiddy

* Gerres oyena (native) Common silvery-biddy

* Gerres setifer (native) Small Bengal silver-biddy
* Pentaprion longimanus (native), Longfin mojarra

Gobiidae (Gobies)
* Acentrogobius bontii (native)
* Acentrogobius caninus (native), Tropical sand goby
* Acentrogobius cyanomos (native)
* Acentrogobius griseus (endemic) Grey goby
* Acentrogobius masoni (native)
* Acentrogobius viridipunctatus (native), Spotted
green goby
* Amblyeleotris gymnocephala (native),
Masked shrimpgoby
» Amblygobius albimaculatus (native), Butterfly goby
* Amblyotrypauchen arctocephalus (native)
* Acentrogobius madraspatensis (native)
* Apocryptes bato (native)
* Apocryptodon madurensis (native)
* Asterropteryx semipunctata (native), Starry goby
* Awaous grammepomus (native), Scribbled goby
* Awaous guamensis (native)
* Awaous melanocephalus (native), Largesnout goby
* Awaous ocellaris (native)
* Bathygobius cyclopterus (native), Spotted frillgoby
* Bathygobius fuscus (native), Dusky frillgoby
* Bathygobius niger (native), Black minigoby
* Bathygobius petrophilus (questionable)
* Bathygobius smithi (native)
* Boleophthalmus dussumieri (native)
* Brachyamblyopus brachysoma (native)
* Brachygobius nunus (native) Bumblebee goby
* Callogobius hasseltii (native), Hasselt's goby
* Callogobius seshaiyai (endemic)
» Ctenogobiops crocineus (native),
Silverspot shrimpgoby
* Paratrypauchen microcephalus (native) Comb goby
* Drombus globiceps (native) Bighead goby
* Egglestonichthys melanoptera (native)
* Pseudogobiopsis oligactis (native)
* Fviota distigma (native), Twospot pygmy goby
* Exyrias puntang (native), Puntang goby
* favonigobius reichei (native), Indo-Pacific tropical
sand goby
* fusigobius neophytus (native), Common fusegoby
* Glossogobius giuris (native) Tank goby
* Glossogobius kokius (native)
* Glossogobius mas (native)
* Pseudogobiopsis oligactis (native)
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Gobiodon citrinus (native), Poison goby
Gobiodon rivulatus (native), Rippled coralgoby
Gobiopsis canalis (native), Checkered goby
Gobiopsis macrostomu (native), Longjaw goby
Gobiopsis woodsi (native)

Gobiopterus chuno (native), Glass goby
Hemigobius hoevenii (questionable)
Hetereleotris zonata (native), Goggles

Istigobius diadema (native)

Istigobius ornatus (native), Ornate goby
Istigobius spence (native), Pearl goby

Mahidolia mystacina (native) Smiling goby, Flagfin
prawn goby

Obliquogobius cometes (native)
Odontamblyopus roseus (native)
Odontamblyopus rubicundus (native)
Rubicundus eelgoby

Oligolepis acutipennis (native) Sharptail goby
Oligolepis cylindriceps (native)

Oxuderces dentatus (native)

Oxyurichthys dasi (native)

Oxyurichthys formosanus (native)

Oxyurichthys microlepis (native) Maned goby
Oxyurichthys ophthalmonema (native),

Eyebrow goby

Oxyurichthys paulae (native) Jester goby
Oxyurichthys tentacularis (native)

Aulopareia ocellatus (native)

Parachaeturichthys polynema (native) Taileyed goby
Paragobiodon echinocephalus (native),
Redhead goby

Parapocryptes rictuosus (native)
Parapocryptes serperaster (native)
Periophthalmodon schlosseri
Giant mudskipper
Periophthalmodon septemradiatus (native)
Periophthalmus argentilineatus (native),
Barred mudskipper

Periophthalmus barbarus (questionable),
Atlantic mudskipper

Periophthalmus chrysospilos (native)
Periophthalmus minutus (native)
Periophthalmus novemradiatus (native)
Pearse's mudskipper

Periophthalmus waltoni (questionable),

Walton's mudskipper

Periophthalmus weberi (questionable)

Weber's mudskipper

(native),

Pleurosicya bilobata (native), Bilobed ghost goby
Priolepis eugenius (native), Noble goby

Priolepis inhaca (native), Brick goby
Psammogobius biocellatus (native) Sleepy goby
Pseudapocryptes elongatus (native)
Pseudogobius javanicus (native)

Pseudogobius gastrospinos

Pseudogobius poicilosoma (native)
Pseudotrypauchen multiradiatus (native)
Scartelaos cantoris (native)

Scartelaos histophorus (native), Walking goby
Scartelaos tenuis (questionable), Indian Ocean
slender mudskipper

Schismatogobius deraniyagalai (native), Redneck goby
Sicyopterus griseus (native)

Sicyopterus microcephalus (native)

Silhouettea indica (native)

Stenogobius gymnopomus (native)

Stenogobius laterisquamatus (questionable)
Stigmatogobius minima (native)

Stigmatogobius sadanundio (native)

Taenioides anguillaris (native) Anguilla eelgoby
Taenioides buchanani (native) Burmese gobyeel
Taenioides cirratus (native) Hooghly gobyeel
Taenioides gracilis (native), Slender eel goby
Trimma annosum (native), Greybearded pygmy goby
Trypauchen vagina (native) Burrowing goby
Trypauchenichthys sumatrensis (native)
Valenciennea muralis (native), Mural goby
Valenciennea sexguttata (native), Sixspot goby
Valenciennea strigata (native), Blueband goby
Yongeichthys nebulosus

Yongeichthys tuticorinensis (native)

Haemulidae (Grunts)

Plectorhinchus pictum (native), Painted sweetlips
Plectorhinchus albovittatus (native), Two-
striped sweetlips

Plectorhinchus chubbi (native), Dusky rubberlip
Plectorhinchus diagrammus (questionable),
Striped sweetlips

Plectorhinchus gibbosus (native), Harry hotlips
Plectorhinchus lineatus (native),

Yellowbanded sweetlips

Plectorhinchus picus (native), Painted sweetlip
Plectorhinchus schotaf (native), Minstrel sweetlip
Pomadasys argenteus (native) Silver grunt
Pomadasys argyreus (native) Bluecheek silver grunt



e Pomadasys commersonnii (native) Spotted grunter
e Pomadasys furcatus (native), Banded grunter

* Pomadasys guoraca (native)

* Pomadasys kaakan (native), Javelin grunter

¢ Pomadasys maculatus (native), Saddle grunt

e Pomadasys multimaculatum (native), Cock grunter
* Pomadasys olivaceus (native), Olive grunt

e Pomadasys stridens (native), Striped piggy

Istiophoridae (Billfishes)

* |stiophorus platypterus (native) Sailfish, Indo-
Pacific sailfish

* [stiompax indica (native) Short nosed sword fish,
Black marlin

e Makaira mazara (native), Indo-Pacific blue marlin

* Tetrapturus angustirostris (native), Shortbill spearfish

Kraemeriidae (Sand darters)
e Kraemeria samoensis (native), Samoan sand dart

Kuhliidae (Aholeholes)
* Kuhlia mugil (native) Barred flagtail
e Kuhlia rupestris (native) Rock flagtail

Kurtidae (Nurseryfishes)
e Kurtus indicus (native) Indian humphead, Indian
hump head

Kyphosidae (Sea chubs)

* Kyphosus bigibbus (native), Grey sea chub

* Kyphosus cinerascens (native), Blue seachub
* Kyphosus vaigiensis (native), Brassy chub

Labridae (Wrasses)

e Anampses caeruleopunctatus (native),
Bluespotted wrasse

e Anampses meleagrides (native), Spotted wrasse

* Bodianus neilli (native), Bay of Bengal hogfish

* Cheilinus chlorourus (native), Floral wrasse

¢ Cheilinus fasciatus (native), Redbreast wrasse

* Cheilinus oxycephalus (native), Snooty wrasse

* Cheilinus trilobatus (native), Tripletail wrasse

¢ Cheilinus undulatus (native), Humphead wrasse

¢ Cheilio inermis (native), Cigar wrasse

* Choerodon anchorago (native), Orange-
dotted tuskfish

¢ Choerodon robustus (native), Robust tuskfish

* Cirrhilabrus exquisitus (native), Exquisite wrasse

Coris aygula (native), Clown coris

Coris formosa (native), Queen coris

Coris gaimard (questionable), Yellowtail coris
wrasse

Gomphosus caeruleus (native), Green
birdmouth wrasse

Gomphosus varius (native), Bird wrasse
Halichoeres hortulanus (native),
Checkerboard wrasse

Halichoeres marginatus (native), Dusky wrasse
Halichoeres nebulosus (native), Nebulous wrasse
Halichoeres nigrescens (native), Bubblefin wrasse
Halichoeres scapularis (native), Zigzag wrasse
Halichoeres timorensis (native), Timor wrasse
Halichoeres zeylonicus (native), Goldstripe wrasse
Hemigymnus fasciatus (native), Barred thicklip
Hemigymnus melapterus (native), Blackeye thicklip
Hologymnosus annulatus (native), Ring wrasse
Hologymnosus doliatus (native), Pastel ringwrasse
Iniistius pavo (native), Peacock wrasse
Labroides dimidiatus (native), Bluestreak
cleaner wrasse

Leptojulis cyanopleura (native), Shoulder-

spot wrasse

Macropharyngodon meleagris (native),
Blackspotted wrasse

Novaculichthys taeniourus (native),

Rockmover wrasse

Oxycheilinus bimaculatus (native), Two-spot wrasse
Oxycheilinus digramma (native), Cheeklined wrasse
Pseudocheilinus hexataenia (native), Sixline wrasse
Pseudodax moluccanus (native), Chiseltooth wrasse
Pteragogus flagellifer (native), Cocktail wrasse
Stethojulis albovittata (native), Bluelined wrasse
Stethojulis balteata (questionable), Belted wrasse
Stethojulis strigiventer (native), Three-ribbon wrasse
Stethojulis trilineata (native), Three-

lined rainbowfish

Thalassoma amblycephalum (native),
Bluntheaded wrasse

Thalassoma hardwicke (native), Sixbar wrasse
Thalassoma jansenii (native), Jansen's wrasse
Thalassoma lunare (native), Moon wrasse
Thalassoma purpureum (native), Surge wrasse
Thalassoma quinquevittatum (native),

Fivestripe wrasse

Choerodon typus (native), Blue-banded wrasse
Iniistius bimaculatus (native), Two-spot razorfish
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Xyrichtys cyanifrons (native)
Iniistius pentadactylus (native), Fivefinger wrasse
Novaculops rajagopalani (native)

Lactariidae (False trevallies)

Lactarius lactarius (native) Big-jawed jumper

Latidae (Lates perches)

Lates calcarifer (native) Barramundi, Barramundi
Psammoperca waigiensis (native) Waigeu seaperch,
Waigieu seaperch

Leiognathidae (Slimys, slipmouths, or ponyfishes)
Gazza achlamys (native), Smalltoothed ponyfish
Gazza minuta (native) Toothpony, Toothpony
Gazza rhombea (native), Rhomboid toothpony
Leiognathus berbis (native), Berber ponyfish
Photopectoralis bindus (native) Orangefin ponyfish
Nuchequula blochii (native) Twoblotch ponyfish
Leiognathus brevirostris (native), Shortnose ponyfish
Leiognathus daura (native), Goldstripe ponyfish
Nuchequula decorus (native) Shortnose ponyfish
Karalla dussumieri (native), Dussumier's ponyfish
Equuilites elongatus (native), Slender ponyfish
Leiognathus equula (native) Common ponyfish
Aurigequla fasciatus (native), Striped ponyfish
Equuilites leuciscus (native), Whipfin ponyfish

E. lineolatus (native), Ornate ponyfish
Aurigequula longispinis (questionable)
Eubleekeria splendens (native), Splendid ponyfish
Leiognathus striatus (native)

Deveximentum insidiator (native) Pugnose ponyfish
Secutor ruconius (native) Deep pugnose ponyfish

Lethrinidae (Emperors or scavengers)

Gnathodentex aureolineatus (native), Striped large-
eye bream

Gymnocranius elongatus (native), Forktail large-
eye bream

Gymnocranius grandoculis (native), Blue-lined
large-eye bream

Gymnocranius griseus (native), Grey large-eye bream
Lethrinus conchyliatus (native), Redaxil emperor
Lethrinus erythracanthus (native), Orange-
spotted emperor

Lethrinus harak (native), Thumbprint emperor
Lethrinus lentjan (native) Pig-face bream, Pink
ear emperor

Lethrinus mahsena (native), Sky emperor

Lethrinus microdon (native), Smalltooth emperor
Lethrinus miniatus (questionable), Trumpet emperor
Lethrinus nebulosus (native), Spangled emperor
Lethrinus obsoletus (native), Orange-
striped emperor

Lethrinus olivaceus (native), Longface emperor
Lethrinus ornatus (native), Ornate emperor
Lethrinus rubrioperculatus (native),
Spotcheek emperor

Lethrinus semicinctus (native), Black blotch emperor
Lethrinus variegatus (native), Slender emperor
Lethrinus xanthochilus (native), Yellowlip emperor
Monotaxis grandoculis (native), Humpnose big-
eye bream

Wattsia mossambica (native), Mozambique large-
eye bream

Lobotidae (Tripletails)

Lobotes surinamensis (native) Tripletail

Lutjanidae (Snappers)

Aphareus furca (native), Small toothed jobfish
Aphareus rutilans (native), Rusty jobfish

Aprion virescens (native), Green jobfish

Apsilus fuscus (questionable), African

forktail snapper

Etelis carbunculus (native), Ruby snapper

Etelis coruscans (native), Flame snapper

Etelis radiosus (native), Scarlet snapper
Lipocheilus carnolabrum (native), Tang's snapper
Lutjanus argentimaculatus (native), Mangrove
red snapper

Lutjanus bengalensis (native), Bengal snapper
Lutjanus biguttatus (native), Two-spot
banded snapper

Lutjanus bohar (native), Two-spot red snapper
Lutjanus carponotatus (native), Spanish

flag snapper

Lutjanus decussatus (native), Checkered snapper
Lutjanus ehrenbergii (native) Blackspot snapper
Lutjanus erythropterus (native), Crimson snapper
Lutjanus fulviflamma (native), Dory snapper
Lutjanus fulvus (native), Blacktail snapper
Lutjanus gibbus (native), Humpback red snapper
Lutjanus guilcheri (native), Yellowfin red snapper
Lutjanus johnii (native) John's snapper

Lutjanus kasmira (native), Common

bluestripe snapper



* Lutjanus lemniscatus (native),
Yellowstreaked snapper
* Lutjanus lunulatus (native), Lunartail snapper
* Lutjanus lutjanus (native), Bigeye snapper
* Lutjanus madras (native), Indian snapper
* Lutjanus malabaricus (native), Malabar
blood snapper
* Lutjanus monostigma (native), Onespot snapper
* lutjanus quinquelineatus (native), Five-
lined snapper
* Lutjanus rivulatus (native), Blubberlip snapper
* Lutjanus rufolineatus (questionable), Yellow-
lined snapper
* Lutjanus russellii (native), Russell's snapper
* Lutjanus sanguineus (native), Humphead snapper
* lutjanus sebae (native), Emperor red snapper
* Lutjanus vitta (native), Brownstripe red snapper
* Macolor niger (native), Black and white snapper
* Paracaesio sordida (native), Dirty ordure snapper
* Paracaesio xanthura (native), Yellowtail blue snapper
* Pinjalo lewisi (native), Slender pinjalo
* Pinjalo pinjalo (native), Pinjalo
* Pristipomoides filamentosus (native),
Crimson jobfish
e Pristipomoides multidens (native),
Goldbanded jobfish
* Pristipomoides sieboldii (native), Lavender
jobfish
* Pristipomoides typus, Sharptooth jobfish
* Pristipomoides zonatus, Oblique-banded snapper

Malacanthidae (Tilefishes)

* Hoplolatilus fronticinctus (native), Pastel tilefish

Menidae (Moonfish)

e Mene maculata (native), Moonfish

Monodactylidae (Moonyfishes or
fingerfishes)

* Monodactylus argenteus (native) Silvery moony

¢ Monodactylus falciformis (native) Full moony

Mugilidae (Mullets)

e Crenimugil crenilabis (native), Fringelip mullet

* Planiliza carinata (native), Keeled mullet

* Planiliza klunzingeri (native), Klunzinger's mullet
* Planiliza macrolepis (native) Largescale mullet

* Planiliza mandapamensis (native), Indian mullet

* Planiliza melinoptera (native) Giantscale mullet,
Otomebora mullet

* Planiliza parsia (native) Goldspot mullet

* Planiliza subviridis (native) Greenback mullet

* Planiliza tade (native) Tade mullet, Tade mullet

* Fllochelon vaigiensis (native) Squaretail mullet

* Mugil cephalus (native) Flathead mullet

* Plicomugil labiosus (native), Hornlip mullet

* Rhinomugil corsula (native) Corsula mullet

* Minimugil cascasia (native) Yellowtail mullet

* Sicamugil hamiltonii (questionable) Burmese mullet

* Crenimugil buchanani (native) Bluetail mullet

* Osteomugil cunnesius (native) Longarm mullet

* Crenimugil seheli (native) Bluespot mullet

* Osteomugil speigleri (native) Speigler's mullet

Mullidae (Goatfishes)
* Mulloidichthys flavolineatus
Yellowstripe goatfish
* Parupeneus barberinus (native), Dash-and-
dot goatfish
* Parupeneus ciliatus (native), Whitesaddle goatfish
* Parupeneus cyclostomus (native),
Goldsaddle goatfish
* Parupeneus heptacanthus (native),
Cinnabar goatfish
* Parupeneus indicus (native), Indian goatfish
* Parupeneus macronemus (native),
Longbarbel goatfish
* Parupeneus margaritatus (questionable),
Pearly goatfish
* Parupeneus multifasciatus (native),
Manybar goatfish
* Parupeneus pleurostigma (native), Sidespot goatfish
* Parupeneus trifasciatus (native), Doublebar goatfish
* Upeneus japonicus, Bensasi goatfish
* Upeneus luzonius, Dark-barred goatfish
* Upeneus moluccensis (native), Goldband goatfish
* Upeneus sulphureus (native), Sulphur goatfish
* Upeneus sundaicus (native), Ochre-banded goatfish
* Upeneus taeniopterus (native), Finstripe goatfish
* Upeneus tragula (native), Freckled goatfish
* Upeneus vittatus (native), Yellowstriped goatfish

(native),

Nemipteridae (Threadfin breams,

Whiptail breams)

* Nemipterus bipunctatus (native), Delagoa
threadfin bream
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* Nemipterus furcosus (native), Fork-tailed
threadfin bream

* Nemipterus japonicus (native), Japanese
threadfin bream

* Nemipterus marginatus (questionable), Red
filament threadfin bream

* Nemipterus mesoprion (questionable), Mauvelip
threadfin bream

* Nemipterus nematophorus (native), Doublewhip
threadfin bream

* Nemipterus nemurus (questionable), Redspine
threadfin bream

* Nemipterus peronii (native), Notchedfin
threadfin bream

* Nemipterus randalli (native), Randall's
threadfin bream

* Nemipterus zysron (native), Slender
threadfin bream

* Parascolopsis aspinosa (native), Smooth dwarf
monocle bream

* Parascolopsis boesemani (endemic), Redfin
dwarf monocle bream

* Parascolopsis eriomma (native), Rosy dwarf
monocle bream

* Parascolopsis inermis (native), Unarmed dwarf
monocle bream

* Scolopsis bilineata (native), Two-lined
monocle bream

* Scolopsis bimaculata (native), Thumbprint
monocle bream

* Scolopsis ciliata (native), Saw-jawed
monocle bream

* Scolopsis frenata (native), Bridled monocle bream

* Scolopsis ghanam (native), Arabian monocle bream

* Scolopsis lineata (native), Striped monocle bream

* Scolopsis margaritifera (questionable), Pearly
monocle bream

* Scolopsis taeniata (native), Black-streaked
monocle bream

* Scolopsis taenioptera (questionable), Lattice
monocle bream

* Scolopsis vosmeri (native), Whitecheek
monocle bream

* Scolopsis xenochrous (native), Oblique-barred
monocle bream

Nomeidae (Driftfishes)
* Cubiceps whiteleggu (native), Indian driftfish

* Psenes cyanophrys (native), Freckled driftfish

Pempheridae (Sweepers)

* Parapriacanthus ransonneti (native), Pigmy sweeper
* Pempheris mangula (native), Black-edged sweeper
* Pempheris molucca (questionable)

* Pempheris oualensis (native), Silver sweeper

* Pempbheris vanicolensis (native), Vanikoro sweeper

Percophidae (Duckbills)
e Bembrops caudimacula (native)
* Bembrops platyrhynchus (native), Natal duckbill

Plngwpedldae (Sandperches)
* Parapercis alboguttata (native), Whitespot sandsmelt
* Parapercis hexophtalma (native),
Speckled sandperch
* Parapercis maculata (native), Harlequin sandperch
* Parapercis pulchella (native), Harlequin sandsmelt
* Parapercis punctata (native)
* Parapercis quadrispinosa (native)
* Parapercis tetracantha (native),
Reticulated sandperch

Plesiopidae (Roundheads)

* Acanthoplesiops indicus (native), Scottie

* Plesiops coeruleolineatus (native),
Crimsontip longfin

* Plesiops corallicola (native), Bluegill longfin

Polynemidae (Threadfins)

e Fleutheronema tetradactylum (native) White
salmon, Fourfinger threadfin

* Ffilimanus heptadactyla (native) Sevenfinger threadfin

e Filimanus similis (native)

* Ffilimanus xanthonema (native),
Yellowthread threadfin

e Leptomelanosoma indicum (native) Indian
threadfin, Indian threadfin

* Polydactylus macrochir (native), King threadfin

e Polydactylus microstoma (native), Small-
mouthed threadfin

* Polydactylus mullani (native)

* Polydactylus plebeius (native), Striped threadfin

* Polydactylus sexfilis (native), Sixfinger threadfin

* Polydactylus sextarius (native) Blackspot threadfin

* Polynemus dubius (questionable) Borneo threadfin,
Eastern paradise fish



* Polynemus paradiseus (native) Paradise threadfin,

Paradise threadfin

Pomacanthidae (Angelfishes)
e Apolemichthys xanthurus (native),
Yellowtail angelfish
* Centropyge bicolor (native), Bicolor angelfish
¢ Centropyge multispinis (native), Dusky angelfish

* Chaetodontoplus melanosoma (native), Black-

velvet angelfish

e Pomacanthus annularis (native) Ringed angle fish
* Pomacanthus imperator (native), Emperor angelfish

e Pomacanthus semicirculatus (native),
Semicircle angelfish

Pomacentridae (Damselfishes)

e Abudefduf bengalensis (native), Bengal sergeant

* Abudefduf septemfasciatus (native),
Banded sergeant

* Abudefduf sexfasciatus (native), Scissortail sergeant

* Abudefduf sordidus (native), Blackspot sergeant

* Abudefduf vaigiensis (native), Indo-Pacific sergeant

e Amphiprion bicinctus, Twoband anemonefish

* Amphiprion chrysogaster, Mauritian anemonefish
e Ampbhiprion ephippium (native), Saddle anemonefish

e Amphiprion frenatus, Tomato clownfish
* Amphiprion nigripes, Maldive anemonefish

e Amphiprion ocellaris (native), Clown anemonefish

e Amphiprion percula, Orange clownfish
* Amphiprion sebae (native), Sebae anemonefish
* Cheiloprion labiatus (native), Big-lip damsel

e Chromis dimidiata (native), Chocolatedip chromis

* Chromis opercularis (native), Doublebar chromis
e Chromis ternatensis (native), Ternate chromis

e Chromis viridis (native), Blue green damselfish

e Chromis weberi (native), Weber's chromis

* Chrysiptera biocellata (native), Twinspot damselfish
 Chrysiptera brownriggii (native), Surge damselfish

* Chrysiptera cyanea (native), Sapphire devil
e Chrysiptera glauca (native), Grey demoiselle
e Chrysiptera unimaculata (native),
Onespot demoiselle
* Dascyllus aruanus (native), Whitetail dascyllus

* Dascyllus trimaculatus (native), Threespot dascyllus
* Dischistodus perspicillatus (native), White damsel
* Dischistodus prosopotaenia (native), Honey-head damsel
e Llepidozygus tapeinosoma (native),

Fusilier damselfish

* Neopomacentrus taeniurus (native),
Freshwater demoiselle
* Plectroglyphidodon dickii (native), Blackbar devil
* Plectroglyphidodon lacrymatus (native),
Whitespotted devil
* Plectroglyphidodon leucozonus (native), Singlebar devil
* Pomacentrus pavo (native), Sapphire damsel
* Premnas biaculeatus (native),
Spinecheek anemonefish
* Pristotis obtusirostris (native), Gulf damselfish
* Stegastes albifasciatus (native), Whitebar gregory
» Stegastes lividus (native), Blunt snout gregory
* Stegastes nigricans (native), Dusky farmerfish
* Stegastes obreptus (native), Western gregory

Pomatomidae (Bluefishes)
e Pomatomus saltatrix (native), Bluefish

Priacanthidae (Bigeyes or catalufas)

* Heteropriacanthus cruentatus (native), Glasseye
* Priacanthus hamrur (native), Moontail bullseye

* Priacanthus macracanthus (native), Red bigeye

* Priacanthus prolixus (native), Elongate bulleye

* Priacanthus tayenus (native), Purple-spotted bigeye
* Pristigenys niphonia (native), Japanese bigeye

Pseudochromidae (Dottybacks)

» Congrogadus subducens (native), Carpet eel-blenny

* Halidesmus thomaseni (native), Thomasen's snakelet

* Pseudochromis caudalis (native)

* Pseudochromis tapeinosoma (native),
Blackmargin dottyback

Ptereleotridae
* Ptereleotris evides (native), Blackfin dartfish
* Ptereleotris microlepis (native), Blue gudgeon

Rachycentridae (Cobia)
* Rachycentron canadum (native), Cobia

Scaridae (Parrotfishes)

* Calotomus spinidens (native), Spinytooth parrotfish
* Calotomus viridescens, Viridescent parrotfish

* Chlorurus enneacanthus (native), Captain parrotfish
* Chlorurus gibbus (native), Heavybeak parrotfish
* Chlorurus oedema (native), Knothead parrotfish
* Chlorurus sordidus (native), Daisy parrotfish

* Hipposcarus harid (native), Candelamoa parrotfish
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Leptoscarus vaigiensis (native), Marbled parrotfish
Scarus ghobban (native), Blue-barred parrotfish
Scarus globiceps (native), Globehead parrotfish
Scarus niger (native), Dusky parrotfish

Scarus prasiognathos (native), Singapore parrotfish
Scarus psittacus (native), Common parrotfish
Scarus quoyi (native), Quoy's parrotfish

Scarus rubroviolaceus (native), Ember parrotfish
Scarus russelii (native), Eclipse parrotfish

Scarus scaber (native), Fivesaddle parrotfish
Scarus tricolor (native), Tricolour parrotfish

Scatophagidae (Scats)

Scatophagus argus (native) Spotted scat

Schindleriidae

Schindleria pietschmanni (questionable)
Schindlleria praematura (questionable), Schindler's fish

Sciaenidae (Drums or croakers)
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Argyrosomus amoyensis (native), Amoy croaker
Argyrosomus hololepidotus (misidentification),
Madagascar meagre

Argyrosomus japonicus (native), Japanese meagre
Atrobucca alcocki (native)

Atrobucca antonbruun (native)

Atrobucca nibe (native), Longfin kob

Atrobucca trewavasae (native)

Bahaba chaptis (native) Chaptis bahaba
Chrysochir aureus (native), Reeve's croaker
Daysciaena albida (native) Two-bearded croaker,
Bengal corvina

Dendrophysa russelii (native) Goatee croaker
Johnius amblycephalus (native), Bearded croaker
Johnius belangerii (native) Belanger's croaker
Johnius borneensis (native), Sharpnose
hammer croaker

Johnius carouna (native) Caroun croaker

Johnius carutta (native) Karut croaker

Johnius coitor (native) Coitor croaker

Johnius dussumieri (native) Sharptooth

hammer croaker

Johnius elongatus (native), Spindle croaker
Johnius gangeticus (endemic) Gangetic bola
Johnius glaucus (native), Pale spotfin croaker
Johnius macropterus (native), Largefin croaker
Johnius macrorhynus (native), Big-snout croaker
Johnius mannarensis (native), Mannar croaker

* Johnius plagiostoma (native), Large-eye croaker

e Kathala axillaris (native), Kathala croaker

* Nibea maculata (native), Blotched croaker

¢ Nibea soldado (native), Soldier croaker

* Otolithes cuvieri (native), Lesser tigertooth croaker

* Otolithes ruber (native), Tiger-toothed croaker

* Otolithoides biauritus (native) Bronze croaker

* Otolithoides pama (native), Pama croaker

* Panna heterolepis (native) Hooghly croaker

* Panna microdon (misidentification) Panna croaker

e Paranibea semiluctuosa (native), Half-
mourning croaker

* Pennahia anea (native), Greyfin croaker

* Pennahia macrocephalus (questionable), Big-head
Pennah croaker

* Pennahia ovata (native)

* Protonibea diacanthus (native) Spotted croaker

* Pterotolithus maculatus (native) Blotch

* Umbrina canariensis (native), Canary drum

Scombridae (Mackerels, tunas, bonitos)

* Acanthocybium solandri (native), Wahoo

e Auxis rochei (native), Bullet tuna

* Auxis thazard (native), Frigate tuna

* FEuthynnus affinis (native) Mackerel tuna, Kawakawa

e Grammatorcynus bicarinatus (questionable),
Shark mackerel

* Gymnosarda unicolor (native) Dogtooth tuna,
Dogtooth tuna

» Katsuwonus pelamis (native), Skipjack tuna

* Rastrelliger brachysoma (native), Short mackerel

* Rastrelliger faughni (native), Island mackerel

* Rastrelliger kanagurta (native), Indian mackerel

* Sarda orientalis (native) Oriental bonito,
Striped bonito

* Scomber japonicus (native), Chub mackerel

* Scomberomorus commerson (native) King seer

e Scomberomorus guttatus (native) Spotted Spanish
mackerel, Indo-Pacific king mackerel

* Scomberomorus lineolatus (native) Streaked seer

e Thunnus albacares (native) Yellow fin tuna

* Thunnus obesus (native), Bigeye tuna

* Thunnus orientalis (native), Pacific bluefin tuna

¢ Thunnus tonggol (native) Blue fin tuna, Longtail tuna

Serranidae (Sea basses: groupers and
fairy basslets)
* Aethaloperca rogaa (native), Redmouth grouper



Anyperodon leucogrammicus (native),
Slender grouper

Cephalopholis argus (native) Balufana, Peacock hind
Cephalopholis aurantia (native), Golden hind
Cephalopholis boenak (native), Chocolate hind
Cephalopholis formosa (native), Bluelined hind
Cephalopholis leopardus (native), Leopard hind
Cephalopholis miniata (native), Coral hind
Cephalopholis sexmaculata (native), Sixblotch hind
Cephalopholis sonnerati (native), Tomato hind
Cephalopholis urodeta (native), Darkfin hind
Chelidoperca investigatoris (native)

Cromileptes altivelis (native), Humpback grouper
Diploprion bifasciatum (native), Barred soapfish
Epinephelus areolatus (native), Areolate grouper
Epinephelus bleekeri (native), Duskytail grouper
Epinephelus chabaudi (native), Moustache grouper
Epinephelus chlorostigma (native),
Brownspotted grouper

Epinephelus coeruleopunctatus (native),
Whitespotted grouper

Epinephelus coioides (native), Orange-
spotted grouper

Epinephelus corallicola (questionable),
Coral grouper

Epinephelus diacanthus (native), Spinycheek grouper
Epinephelus epistictus (native), Dotted grouper
Epinephelus erythrurus (native), Cloudy grouper
Epinephelus fasciatus (native), Blacktip grouper
Epinephelus faveatus (native), Barred-chest grouper
Epinephelus flavocaeruleus (native), Blue and
yellow grouper

Epinephelus fuscoguttatus (native), Brown-
marbled grouper

Epinephelus hexagonatus (native),

Starspotted grouper

Epinephelus lanceolatus (native) Bridlebass,
Giant grouper

Epinephelus latifasciatus (native), Striped grouper
Epinephelus longispinis (native), Longspine grouper
Epinephelus macrospilos (native), Snubnose grouper
Epinephelus maculatus (native), Highfin grouper
Epinephelus malabaricus (native) Malabar rockcod,
Malabar grouper

Epinephelus marginatus (questionable),
Dusky grouper

Epinephelus melanostigma (native), One-
blotch grouper

* Epinephelus merra (native), Honeycomb grouper
* Epinephelus morrhua (native), Comet grouper
* Epinephelus octofasciatus (native), Eightbar grouper
* Epinephelus poecilonotus (native), Dot-
dash grouper
* Epinephelus polylepis (native), Smallscaled grouper
* Epinephelus polyphekadion (native),
Camouflage grouper
* Epinephelus quoyanus (native), Longfin grouper
* Epinephelus radiatus (native), Oblique-
banded grouper
* Epinephelus rivulatus (native), Halfmoon grouper
* Epinephelus spilotoceps (native), Foursaddle grouper
* Epinephelus tauvina (native) Greasy rockcod,
Greasy grouper
* Epinephelus undulosus (native), Wavy-lined grouper
* Plectropomus areolatus (native), Squaretail
coral grouper
* Plectropomus maculatus (questionable),
Spotted coralgrouper
* Pogonoperca sp. (native), Soapfish
* Pseudanthias conspicuus (native)
* Pseudanthias squamipinnis (native), Sea goldie
* Variola louti (native), Yellow-edged lyretail
* \Variola albimarginata

Slganldae (Rabbitfishes)
* Siganus argenteus (native), Streamlined spinefoot
* Siganus canaliculatus (native), White-
spotted spinefoot
* Siganus corallinus (native), Blue-spotted spinefoot
* Siganus fuscescens (native), Mottled spinefoot
* Siganus guttatus (native), Orange-spotted spinefoot
* Siganus javus (native), Streaked spinefoot
* Siganus lineatus (native), Golden-lined spinefoot
* Siganus punctatus (questionable),
Goldspotted spinefoot
* Siganus spinus (native), Little spinefoot
* Siganus stellatus (native), Brownspotted spinefoot
* Siganus vermiculatus (native),
Vermiculated spinefoot
* Siganus virgatus (native), Barhead spinefoot

Sillaginidae (Smelt-whitings)

* Sillago aeolus (native), Oriental sillago

* Sillago chondropus (native), Clubfoot sillago
* Sillago indica (endemic), Indian sillago

* Sillago ingenuua (native), Bay sillago
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* Sillago intermedius (native), Intermediate sillago

* Sillago maculata (questionable), Trumpeter sillago

* Sillago parvisquamis (questionable), Small-
scale sillago

* Sillago sihama (native) Silver sillago

* Sillago soringa (endemic), Soringa sillago

* Sillago vincenti (endemic) Estuarine whiting

Sparidae (Porgies)

* Acanthopagrus berda (native) Riverbream,
Picnic seabream

* Acanthopagrus bifasciatus (native),
Twobar seabream

* Acanthopagrus latus (native) Yellow seabream

* Argyrops spinifer (native), King soldierbream

» Cheimerius nufar (native), Santer seabream

* Crenidens crenidens (native), Karenteen seabream

* Rhabdosargus sarba (native) Natal stumpnose

* Sparidentex hasta (native), Sobaity seabream

Sphyraenidae (Barracudas)

* Sphyraena acutipinnis (native), Sharpfin barracuda
* Sphyraena barracuda (native), Great barracuda

* Sphyraena flavicauda (native), Yellowtail barracuda
* Sphyraena forsteri (native), Bigeye barracuda

* Sphyraena jello (native), Pickhandle barracuda

* Sphyraena obtusata (native), Obtuse barracuda

* Sphyraena putnamae (native) Sawtooth barracuda
* Sphyraena genie (native), Blackfin barracuda

* Pampus argenteus (native) Silver pomfret

e Pampus chinensis (native) Chinese pomfret

Symphysanodontidae

* Symphysanodon andersoni (native)

Terapontidae (Grunters or tigerperches)

* Pelates quadrilineatus (native) Fourlined terapon

* Helotes sexlineatus (questionable), Six-
lined trumpeter

* Terapon jarbua (native) Jarbua terapon

» Terapon puta (native) Smallscale terapon

* Terapon theraps (native) Banded grunter

Toxotidae (Archerfishes)
* Toxotes chatareus (native) Spotted archerfish
* Toxotes jaculatrix (native) Banded archerfish

Trichiuridae (Cutlassfishes)

Benthodesmus oligoradiatus (native), Sparse-
rayed frostfish
* Fupleurogrammus glossodon (native), Longtooth hairtail
* Fupleurogrammus (native),
Smallhead hairtail
* lepidopus caudatus (questionable),
Silver scabbardfish
* [lepturacanthus pantului (native)
Coromandal ribbonfish
* lepturacanthus savala (native) Small headed
ribbon fish
* Trichiurus auriga (native), Pearly hairtail
* Trichiurus gangeticus (native) Gangetic ribbonfish
* Trichiurus lepturus (native), Largehead hairtail
e Trichiurus russelli (native), Short-tailed hairtail

muticus

Trichonotidae (Sand divers)
* Trichonotus cyclograptus (native)
* Trichonotus setiger (native), Spotted sand-diver

Tripterygiidae (Threefin blennies)

* Enneapterygius elegans (native), Hourglass triplefin
* Enneapterygius fasciatus (native)

* Enneapterygius pusillus (native), Highcrest triplefin
* Helcogramma ellioti (native)

Uranoscopidae (Stargazers)

* [chthyscopus lebeck (native), Longnosed stargazer
* Uranoscopus crassiceps (native)

* Uranoscopus guttatus (native)

Xenisthmidae
* Gobiopterus smithi (endemic)

Xiphiidae (Swordfish)
* Xiphias gladius (native), Swordfish

Zanclidae (Moorish idol)
e Zanclus cornutus (native), Moorish idol

Pleuronectiformes

Bothidae (Lefteye flounders)

* Arnoglossus aspilos (native), Spotless
lefteye flounder

* Arnoglossus tapeinosoma (native)

* Bothus leopardinus (questionable), Pacific
leopard flounder



* Bothus myriaster (native), Indo-Pacific oval flounder
* Bothus pantherinus (native), Leopard flounder
* Chascanopsetta lugubris (native), Pelican flounder
* Engyprosopon grandisquama (native),
Largescale flounder
e Grammatobothus polyophthalmus (native),
Threespot flounder

Cynoglossidae (Tonguefishes)
* Cynoglossus arel (native), Largescale tonguesole
¢ Cynoglossus bilineatus (native),
Fourlined tonguesole
* Cynoglossus carpenteri (native),
Hooked tonguesole
* Cynoglossus cynoglossus (native), Bengal
tongue sole
¢ Cynoglossus dubius (native), Carrot tonguesole
* Cynoglossus lida (native) Shoulder spot tongue,
Roughscale tonguesole
¢ Cynoglossus lingua (native) Long tonguesole
* Cynoglossus macrostomus (native) Malabar-sole
* Cynoglossus puncticeps (native)
Speckled toungesole
* Cynoglossus semifasciatus (native) Malabar sole
* Paraplagusia bilineata (native) Fingerlip tonguesole,
Doublelined tonguesole
* Paraplagusia blochii (native), Bloch's tonguesole

Paralichthyidae (Large-tooth flounders)
* Cephalopsetta ventrocellatus (native)
* Pseudorhombus arsius (native) Largetooth flounder
e Pseudorhombus dupliciocellatus (native),
Ocellated flounder
e Pseudorhombus elevatus (native), Deep flounder
* Pseudorhombus javanicus (native),
Javan flounder
* Pseudorhombus malayanus (native),
Malayan flounder
* Pseudorhombus natalensis (native),
Natal flounders
¢ Pseudorhombus triocellatus (native) Three
sopt flounder

Pleuronectidae (Righteye flounders)

e Poecilopsetta colorata (native), Coloured
righteye flounder

* Poecilopsetta praelonga (native), Alcock's narrow-
body righteye flounder

Psettodidae (Psettodids)

* Psettodes erumei (native) Indian halibut

Samaridae (Flounders)

e Samaris cristatus (native), Cockatoo
righteye flounder

* Samariscus longimanus (native),
Longfinned flounder

Soleidae (Soles)

* Aesopia cornuta (native), Unicorn sole

* Brachirus orientalis (native) Oriental-sole

* Brachirus pan (native) Pan sole

* Heteromycteris oculus (native), Eyed sole

* Liachirus melanospilos (native)

* Pardachirus marmoratus (native), Finless sole

* Pardachirus pavoninus (native), Peacock sole

* Solea elongata (native) Elongate sole, Elongate sole

* Solea ovata (native), Ovate sole

* Soleichthys heterorhinos (native)

* Dagetichthys albomaculatus (native) Kaup's sole

* Dagetichthys commersonnii (native),
Commerson's sole

* Zebrias altipinnis (native)

* Zebrias annandalei (native)

e Zebrias keralensis (native)

* Zebrias quagga (native), Fringefin zebra sole

* Zebrias synapturoides (native), Indian zebra sole

* Zebrias zebra (questionable), Zebra sole

Polymixiiformes

Polymixiidae (Beardfishes)

* Polymixia fusca (native)

* Polymixia japonica (questionable), Silver eye

Pristiformes

Pristidae (Sawfishes)

* Anoxypristis cuspidata (native), Knifetooth sawfish

e Pristis microdon (native) Smalltooth sawfish,
Largetooth sawfish

* Pristis zijsron (native), Longcomb sawfish

Rajiformes

Dasyatidae (Stingrays)

* Hemitrygon bennetti (native), Bennett's stingray
* Negatrygon kuhlii (native), Bluespotted stingray
* Megatrygon microps (native), Smalleye stingray

* Dasyatis pastinaca (questionable), Common stingray
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* Telatrygon zugei (native) Pale-edged stingray

* Pateobatis bleekeri (native) Whiptail stingray

* Himantura chaophraya (questionable),
Freshwater whipray

* Himantura fai (native), Pink whipray

* Maculabatis gerrardi (native), Sharpnose stingray

* Brevitrygon imbricata (native) Scaly stingray

* Pateobatis jenkinsii (native), Pointed-nose stingray

* Himantura marginatus (native) Blackedged stingray

* Himantura uarnak (native) Leopard stingray,
Honeycomb stingray

* Himantura undulata (native), Leopard whipray

* Brevitrygon walga, Dwarf whipray

* Pastinachus sephen (native) Feathertail stingray,
Cowtail stingray

* Taeniura lymma (native), Bluespotted ribbontail ray

 Taeniura meyeni (native), Blotched fantail ray

* Urogymnus asperrimus (native), Porcupine ray

Gymnuridae (Butterfly rays)

* Gymnura tentaculata (native), Tentacled butterfly ray
* Aetoplatea zonura (native), Zonetail butterfly ray
* Gymnura japonica, Japanese butterflyray

* Gymnura micrura, Smooth butterfly ray

* Gymnura poecilura (native), Longtail butterfly ray

Myliobatidae (Eagle and manta rays)

* Aetobatus flagellum (native) Plain eagleray

* Aetobatus narinari (native) Spotted eagleray

* Aetobatus ocellatus (native)

* Aetomylaeus maculatus (native), Mottled eagle ray

* Aetomylaeus milvus (native)

* Aetomylaeus nichofii (native) Nieuhof's eagle ray,
Banded eagle ray

* Mobula birostris (native), Giant manta

* Mobula eregoodootenkee (native), Pygmy devilray

* Mobula japanica (native), Spinetail mobula

* Mobula kuhlii (native), Shortfin devil ray

* Mobula mobular (questionable), Devil fish

* Rhinoptera javanica (native), Javanese cownose ray

Plesiobatidae (Deepwater stingray)
* Plesiobatis daviesi (native), Deepwater stingray

Rajidae (Skates)

* Dipturus johannisdavisi (native), Travancore skate
* fenestraja mamillidens (native), Prickly skate

* Orbiraja powelli (native), Indian ringed skate

Rhinobatidae (Guitarfishes)
* Rhina ancylostoma (native), Bowmouth guitarfish
* Rhinobatos annandalei (native) Annandale's guitarfish
* Glaucostegus granulatus (native),
Sharpnose guitarfish
* Glaucostegus halavi (native), Halavi's guitarfish
* G. obtusus (native), Widenose guitarfish
* G. thouin (native), Clubnose guitarfish
* G. typus (questionable), Giant shovelnose ray
* Acroteriobatus variegatus (native),
Stripenose guitarfish
* Rhynchobatus djiddensis (native),
Giant guitarfish

Salmoniformes

Salmonidae (Salmonids)

* Oncorhynchus mykiss (introduced) Rainbow trout
* Salmo trutta fario (introduced) Brown trout

* Salmo trutta (introduced), Sea trout

¢ Salvelinus fontinalis (introduced) Brook trout

Scorpaeniformes
Apistidae

* Apistus carinatus (native), Ocellated waspfish

Aploactinidae (Velvetfishes)
* Acanthosphex leurynnis (native)
* Cocotropus roseus (native)

Caracanthidae (Orbicular velvetfishes)

* Caracanthus maculatus (native), Spotted
coral croucher

* Caracanthus unipinna (native),
coral croucher

Pygmy

Dactylopteridae (Flying gurnards)

* Dactyloptena gilberti (native)

* Dactyloptena macracantha (native), Spotwing
flying gurnard

* Dactyloptena orientalis (native), Oriental
flying gurnard

* Dactyloptena peterseni (native), Starry flying gurnard

Peristediidae (Armored searobins or
armored gurnards)

* Scalicus investigatoris (native)

* Satyrichthys laticeps (native)



PIatycephalldae (Flatheads)
¢ Cociella crocodilus (native) Crocodile flathead
e Sunagocia carbunculus (native), Papillose flathead
e Grammoplites scaber (native) Rough flathead
¢ Grammoplites suppositus (native), Spotfin flathead
* |negocia japonica (native), Japanese flathead
* Kumococius rodericensis (native), Spiny flathead
* Platycephalus indicus (native) Bartail flathead
* Rogadius asper (native), Olive-tailed flathead
* Rogadius serratus (native), Serrated flathead
* Rogadius tuberculata (native), Tuberculated flathead
e Suggrundus macracanthus (native), Large-
spined flathead
e Sunagocia otaitensis (native), Fringelip flathead
* Thysanophrys chiltonae (native), Longsnout flathead

Scorpaenidae (Scorpionfishes or
rockfishes)
* Brachypterois serrulata (native)
e Dendrochirus brachypterus (native),
Shortfin turkeyfish
¢ FEbosia falcata (native)
* Parascorpaena picta, Northern scorpionfish
* Pteroidichthys amboinensis (native)
* Pterois antennata (native), Broadbarred firefish
* Pterois mombasae (native), Frillfin turkeyfish
e Pterois radiata (native), Radial firefish
* Pterois russelii (native) Russell's fire fish,
Plaintail turkeyfish
e Pterois volitans (native), Red lionfish
¢ Scorpaenodes parvipinnis (native),
Lowfin scorpionfish
* Scorpaenopsis gibbosa (native),
Humpback scorpionfish
e Taenianotus triacanthus (native),
Leaf scorpionfish

Setarchidae
* Setarches guentheri (native), Deepwater scorpionfish

Synanceiidae (Stonefishes)

e Choridactylus multibarbus
Orangebanded stingfish

* Inimicus caledonicus (native), Chinese ghoul

* |nimicus sinensis (native), Spotted ghoul

¢ Minous dempsterae (native),
Obliguebanded stingfish

* Minous inermis (native), Alcock's scorpionfish

(native),

* Minous monodactylus (native) Grey goblin fish

* Synanceia verrucosa (native), Stonefish

* Trachicephalus uranoscopus
Stargazing stonefish

(native),

Tetrarogidae (Wasp fishes)
* Ocosia ramaraoi (native)
* Paracentropogon longispinis (native),
Wispy waspfish
* Pseudovespicula dracaena (native), Draco waspfish
* Richardsonichthys leucogaster (native),
Whiteface waspfish
* Snyderina guentheri (native), Glinther's waspfish
* Tetraroge niger (native)

Triglidae (Searobins)

* Lepidotrigla bispinosa (native), Bullhorn gurnard
* lepidotrigla faurei (native), Scalybreast gurnard
* Lepidotrigla longipinnis (native)

* Lepidotrigla omanensis (native), Oman gurnard

* Pterygotrigla hemisticta (native), Blackspotted gurnard

Siluriformes

Ariidae (Sea catfishes)

* Arius arius (native) Threadfin sea catfish

* Netuma bilineatus (native), Bronze catfish

* Plicofollis tonggol (native), Roughback sea catfish

* Plicofollis dussumieri (native), Blacktip sea catfish

* Arius gagora (native) Gagora catfish

* Arius maculatus (native) Spotted catfish

* Nemapteryx nenga (native)

* Arius parvipinnis (native)

* Plicofollis platystomus (native), Flatmouth
sea catfish

* Hexanematichthys sagor (native) Sagor catfish

* Hemiarius sona (native) Sona sea-catfish

* Arius subrostratus (native), Shovelnose sea catfish

e Hemiarius sumatranus (native), Goat catfish

* Plicofolis layardi (native) Thinspine sea catfish

* Netuma thalassina (native), Giant seacatfish

* Arius venosus (native), Veined catfish

* Batrachocephalus mino (native) Frog-headed catfish

Dalatiidae (Sleeper sharks)

* Centroscyllium ornatum (native), Ornate dogfish

Echinorhinidae (Bramble sharks)
e FEchinorhinus brucus (native), Bramble shark

Training manual in Molecular Biology and Biotechnology for Fisheries Professionals

o))
w



Central Marine Fisheries Research Institute

N
AN

Stomiiformes

Gonostomatidae (Bristlemouths)

* Cyclothone signata (questionable),
Showy bristlemouth

* Gonostoma elongatum (native), Elongated
bristlemouth fish

Sternoptychidae

* Polyipnus spinosus (questionable)

* Stomiidae (Barbeled dragonfishes)

* Chauliodus pammelas (native)

* Chauliodus sloani (native), Sloane's viperfish
* Stomias affinis (native), Glnther's boafish

Synbranchiformes
Chaudhuriidae

Synbranchidae (Swamp-eels)

* Monopterus albus (native) Rice swampeel

* Monopterus cuchia (native) Cuchia

* Monopterus digressus (native)

* Monopterus eapeni (endemic)

* Monopterus fossorius (endemic) Malabar swampeel

* Monopterus hodgarti (endemic) Indian spaghetti-
eel

* Monopterus indicus (endemic) Bombay swampeel

* Monopterus roseni (native)

* Ophisternon bengalense (native) Bengal mudeel

Syngnathiformes
Aulostomidae (Trumpetfishes)
* Aulostomus chinensis (native), Chinese trumpetfish

Centriscidae
shrimpfishes)
e Centriscus scutatus (native), Grooved razor-fish

(Snipefishes and

Fistulariidae (Cornetfishes)
* Fistularia petimba (native), Red cornetfish

Solenostomidae (Ghost pipefishes)
* Solenostomus cyanopterus (native), Ghost pipefish

Syngnathidae (Pipefishes and seahorses)

* Choeroichthys brachysoma (native), Short-
bodied pipefish

* Choeroichthys sculptus (native), Sculptured pipefish

* Doryrhamphus excisus (native), Bluestripe pipefish

* Hippichthys cyanospilos (native), Blue-
spotted pipefish
* Hippichthys penicillus (native), Beady pipefish
* Hippichthys spicifer (native), Bellybarred pipefish
* Hippocampus fuscus (questionable) Chilka
seahorse, Sea pony
* Hippocampus histrix (native), Thorny seahorse
* Hippocampus kelloggi (native), Great seahorse
* Hippocampus kuda (native), Spotted seahorse
* Hippocampus trimaculatus (native),
Longnose seahorse
* Microphis brachyurus (native) Short-tailed pipefish
* Microphis cuncalus (native) Crocodile-tooth pipefish
* Microphis insularis (native) Andaman pipefish
* Phoxocampus belcheri (native), Rock pipefish
* Syngnathoides biaculeatus (native),
Alligator pipefish
* Trachyrhamphus serratus (native)

Tetraodontiformes

Balistidae (Triggerfishes)

* Abalistes stellaris (native), Starry triggerfish

* Balistapus undulatus (native), Orange-lined triggerfish

* Balistes rotundatus (native)

* Balistes vetula, Queen triggerfish

* Balistoides conspicillum (native), Clown triggerfish

* Balistoides viridescens (native), Titan triggerfish

* Melichthys niger (native), Black triggerfish

* Odonus niger (native), Redtoothed triggerfish

* Pseudobalistes flavimarginatus (native),
Yellowmargin triggerfish

e Pseudobalistes fuscus (native), Yellow-
spotted triggerfish

* Rhinecanthus aculeatus (native), Blackbar triggerfish

* Rhinecanthus rectangulus (native), Wedge-
tail triggerfish

* Sufflamen chrysopterum (native),
Halfmoon triggerfish

* Sufflamen fraenatum (native), Masked triggerfish

Diodontidae (Porcupinefishes)

* Cyclichthys orbicularis (native), Birdbeak burrfish

* Cyclichthys spilostylus (native), Spotbase burrfish

* Diodon holocanthus (native) Bloched porcupine
fish, Long-spine porcupinefish

* Diodon hystrix (native) Spotted porcupine fish

* Lophodiodon calori (native), Four-bar porcupinefish



Molidae (Molas or Ocean Sunfishes)
¢ Mola mola (native), Ocean sunfish

Monacanthidae (Filefishes)

 Aluterus monoceros (native), Unicorn leatherjacket

* Aluterus scriptus (native), Scrawled filefish

* Anacanthus barbatus (native), Bearded leatherjacket

¢ [almohania velutina (native)

*  Oxymonacanthus longirostris (native), Harlequin filefish

e Paraluteres prionurus (native), Blacksaddle filefish

e Paramonacanthus choirocephalus (questionable)
Pig faced leather jacket

e Paramonacanthus japonicus (native),
Hairfinned leatherjacket

e Paramonacanthus oblongus (native), Hair-
finned filefish

Paramonacanthus tricuspis (native)

Thamnaconus modestoides (native), Modest filefish

Ostraciidae (Boxfishes)

e lactoria cornuta (native), Longhorn cowfish

¢ Ostracion cubicus (native), Yellow boxfish

e Ostracion meleagris (native), Whitespotted
boxfish

¢ Ostracion nasus (native), Shortnose boxfish

¢ Tetrosomus gibbosus (native), Humpback turretfish

Tetraodontidae (Puffers)

* Arothron hispidus (native) White spotted blow fish,
White-spotted puffer

¢ Arothron immaculatus (native) Immaculate blow fish

e Arothron meleagris (native), Guineafow! puffer

* Arothron nigropunctatus (native) Black spotted
blow fish

e Arothron reticularis (native) Reticulated blowfish

* Arothron stellatus (native) Star blaasop

e Canthigaster amboinensis (native), Spider-
eye puffer

e Canthigaster bennetti (native), Bennett's
sharpnose puffer

¢ Canthigaster coronata (native), Crowned puffer

* Canthigaster margaritata (native)

e Carinotetraodon imitator (endemic)

e Carinotetraodon travancoricus (endemic)
Malabar pufferfish

* Lagocephalus guentheri (native),
Diamondback puffer

e lagocephalus inermis (native) Smooth-

backed blowfish

* Lagocephalus lagocephalus (native), Oceanic puffer

* Lagocephalus lunaris (native) Moontail blaasop,
Green rough-backed puffer

* Lagocephalus spadiceus (native) Chinese blaasop

* Takifugu oblongus (native) Lattice blaasop,
Lattice blaasop

* Lejodon cutcutia (native) Ocellated pufferfish,
Ocellated pufferfish

* Dichotomyctere fluviatilis (native) Green pufferfish

* Dichotomyctere nigroviridis (native)
Burmese pufferfish

» Torquigener hypselogeneion (native), Orange-
spotted toadfish

* Tylerius spinosissimus (native), Spiny blaasop

Triacanthidae (Triplespines)

* Pseudotriacanthus strigilifer (native) Long spined
tripod fish

e Triacanthus biaculeatus (native) Short-nosed
tripodfish, Short-nosed tripodfish

* Triacanthus nieuhofii (native), Silver tripodfish

» Tripodichthys oxycephalus (native), Short-
tail tripodfish

Triacanthodidae (Spikefishes)

* Macrorhamphosodes platycheilus (native),
Trumpetsnout spikefish

* Triacanthodes ethiops (native), Shortsnout spikefish

Order Torpediniformes

Narcinidae (Numbfishes)

* Benthobatis moresbyi (native), Dark blind ray

* Narcine brunnea (native), Brown numbfish

* Narcine lingula (native), Chinese numbfish

* Narcine prodorsalis (questionable), Tonkin numbfish
* Narcine timlei (native), Blackspotted numbfish

* Narke dipterygia (native), Spottail sleeper ray

Torpedinidae (Electric rays)

* Torpedo fuscomaculata Black-spotted torpedo

* Torpedo panthera (native), Panther electric ray

* Torpedo sinuspersici (native), Marbled electric ray

Zeiformes
Caproidae (Boarfishes)
* Antigonia indica (native)
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* Antigonia rubescens (questionable), Indo-
Pacific boarfish

Parazenidae (Parazen)
» Cyttopsis rosea (native), Rosy dory

Zeidae (Dories)
* Zenopsis conchifer (native), Silvery John dory
* Zenopsis nebulosa (native), Mirror dory

Suggested readings

Froese, R. and D. Pauly. Editors. 2006. FishBase. World Wide Web
electronic publication. [1], version (05/2006)

Raghavan, R., J. Tharian, A. Ali, S. Jadhav & N. Dahanukar (2013).
Balitora jalpalli, a new species of stone loach (Teleostei:
Cypriniformes: Balitoridae) from Silent Valley, southern
Western Ghats, India. J. Threatened Taxa 5(5): 3921-3934;
doi:10.11609/J0TT. 03277.3921-34.

Vishwanath, W. & K. Nebeshwar Sharma (2005) A new
Nemacheiline fish of the genus Schistura McClelland

(Cypriniformes: Balitoridae) from Manipur, India. J. Bombay
Nat. Hist. Soc. 102(1):79-82

Vishwanath, W. and K. S. Devi (2005) A new fish species of the
genus Garra Hamilton-Buchanan (Cypriniformes:Cyprinidae)
from Manipur, India. J. Bombay Nat. Hist. Soc. 102(1):86-88

Beevi, K.S.J. and A. Ramachandran (2005) A new species of Puntius
(Cyprinidae, Cyprininae) from Kerala, India. J. Bombay Nat.
Hist. Soc. 102(1):83-85

Kurup, B. M., T. G. Manojkumar and K. V. Radhakrishnan.
2005. Salarias reticulatus, a new freshwater blenny from
Chalakudy river, Kerala, South India. J. Bombay Nat. Hist.
Soc. 101(2):195-197

Fishbase

Ralf Britz, Krishna Kumar & Fibin Baby, 2012. Pristolepis

rubripinnis, a new species of fish from southern India (Teleostei:
Percomorpha: Pristolepididae). Zootaxa 3345: 59-68

Ng, Heok Hee (2005) Amblyceps carinatum, a new species of hill
stream catfish from Myanmar (Teleostei: Amblycipitidae). The
Raffles Bull. Zool 53(2): 243-249

Kosygin, L. and W. Vishwanath (2005) Validity and redescription
of Glyptothorax manipurensis Menon and record of G.
sinense (Regan) from India. J. Bombay Nat. Hist. Soc. 102(1):61-
65

Vishwanath, W and Linthoingambi I. 2005. A new Sisorid catfish of
the genus Glyptothorax Blyth from Manipur, India. J. Bombay
Nat. Hist. Soc. 102(2):201-203
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The Ocean has always fascinated mankind, the
quest for unravelling its mystery leading to several
exploratory surveys. The most notable as far as marine
crustaceans are concerned was the exploratory
surveys by the Indian Royal Marine Survey Ship
‘Investigator’ (1888-1892) which brought to the fore
several marine crustacean species till then unknown.
Majority of the fauna collected came from depths
between 100-1900 fathoms. Later, mechanization
of crafts and gears and extension of fishing into
deeper waters enhanced our knowledge of the
biodiversity of crustaceans. Crustacean biodiversity
is as vast and deep as the oceans itself, difficult
to comprehend. Crustaceans first appeared in the
fossil records half a billion years ago. They have been
important components of marine biodiversity and
compose virtually the entire fossil arthropod fauna
through the Mesozoic and Cenozoic Eras. The most
abundant crustaceans in the ocean are copepods
and they have no fossil record.

Amphipods

They have a laterally compressed body without
carapace. They are distributed in marine, brackish

water, freshwater and terrestrial environments. In
India, there is lot of information on their diversity

both from the east and west coasts of the country
by several workers. They are fed upon by fishes and
other crustaceans.

Isopods

They are a morphologically diverse group of
crustaceans that live in sea, in freshwater and on

land. They have segmented and rigid exoskeleton and
vary in shape. Smaller ones are parasitic on fishes and
some larger species inhabit the deep sea. Some live
in coastal and shelf waters. The largest isopod is in
the genus Bathynomus found in deep sea.

Barnacles

They are highly specialized crustaceans belonging
to the group known as Cirripedia and are exclusively
marine forms. Most of the species live attached to
inanimate objects, some to living objects like sponge
and bury into the flesh of whales and turtles. They
attach to substratum with their cement glands. They
are mostly found at depths less than 100 m and
also in the intertidal zone. Common barnacles are
the goose barnacle (Lepas anserifera), Balanus spp.,
Sacculina spp. Sacculina is parasitic on crabs. It lives
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Lepas sp

Balanus sp

Sacculina in crab

inside crabs and produce hormones that lead to
feminization of crabs (changes the host from male
to female) which causes the crabs to nurture the
barnacle egg mass as its own.

Mysids / Opossum shrimp

They are commonly called the opossum shrimps as they
have a pouch or marsupium in females. Their larvae
are reared in this pouch and are not free swimming.
They may be pelagic or benthic and are filter feeders
feeding on algae, detritus and zooplankton. They are
found in both marine and freshwater environments.
They are used as feed in aquaculture.

A female opossum shrimp carrying eggs

Ostracods

They range from 0.1 to 32 mm in size. Body is
flattened from side to side and protected by a bivalve

like calcareous valve or shell. They are also called seed
shrimps. Besides marine, there are freshwater and
terrestrial species also.

Copepods

They are found in sea and in freshwater. Their
body is cylindrical or round, the head is fused
with the first or two thoracic segments. They may



be free living, symbiotic or internal or external
parasite. They mainly feed on algae. Among the
zooplankton community they are usually the
dominant members and are the major food of
fishes, seabirds and Krills.

Brine shrimp

They inhabit saltwater lakes and belong to the genus
Artemia. They can produce dormant cysts which can
be stored and hatched when required. The young
ones from hatched cysts are used as live feed in
aquaculture industry.

Euphasiids

They are marine crustaceans occupying surface to at
least 4000 m depth and are distributed from Arctic
to Antarctic waters. Euphasia species are fished
commercially in Japan, Canadian and Russian waters
for aquarium feed, pharamceutical purpose and as food
for humans. They are the main prey of baleen whales.

Shrimps/prawns

The species of shrimps and prawns are placed under
four infra orders- Penaeidea, Stenopodidea, Caridea

and Axiidea. The majority of the shrimps and prawns
belong to the superfamily Penaeoidea. Around 120

Fenneropenaeus indicus Melicertus latisulcatus

Metapenaeopsis stridulans

species of penaeoid shrimps are recorded from the
Indian coast.

Penaeid shrimps

The commercially important genera in Indian waters
belonging to family penaeidae are represented by
Fenneropenaeus, Penaeus, Melicertus, Marsupenaeus,
Parapenaeus, Metapenaeopsis, Penaeopsis,
Metapenaeus, Trachypenaeopsis, Atypopenaeus,
Parapenaeopsis, Megokris and Trachysalambria.
Genera Solenocera represent the family Solenoceridae
and Aristeidae by Aristaeomorpha, and Aristeus.
Under the family Penaeidae there are 71 species
recorded from Indian waters.

Carideans

a. Alpheid shrimps
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They are commonly known as the pistol shrimps or
snapping shrimps having asymmetrical claws, the
larger of the claw produces snapping sound. They
dig burrows and inhabit coral reefs. Maximum species
are under the genera Alpheus and Synalpheus. They
are caught as bycatch in trawls.

b. Crangonid shrimps

The genera Aegaeon, Pontocaris and Parapontocaris
are known from Indian waters like Aegaeon lacazei
and Pontocaris pennata. The genera Aegaeon

Pontocaris pennata

are found from shallow waters to up to 800 m,
Parapontocaris at and beyond 200 m depth and
Pontocaris from shallow to deeper waters.

Glyphocrangon investigatoris

c. Glyphocrangonid shrimps

They are a single genus—Glyphocrangon under
the family Glyphocrangonidae. Around 10 species
have been recorded from Indian waters. Body is
hard, thick and with spines or tubercles. They are
deep sea inhabitants found at depths of 300 m
and beyond.

Plesionika quasigrandlis

d. Pandalid shrimps

A number of pandalid shrimp species are fished on
a commercial scale for human consumption from
the southern coasts of India. Notable are Plesionika
quasigrandis, Plesionika martia, Heterocarpus

Acanthephyra armata Acanthephyra sanguinea

Oplophorus typus

gibbosus and Heterocarpus woodmasoni landed by
deep sea trawlers.

e. Oplophorids

The species that have commercial value are
Acanthephyra sanguinea, Acanthephyra armata,
Oplphorus typus and Oplophorus gracillirostris. They
form a minor fishery. They are found at depths of 300
m and beyond.

Nematopalaemon tenuipes



f. Palaemonid shrimps

They are found in freshwater and also in marine
habitats. The species that are usually encountered
in the fishery are Nematopalaemon tenuipes and

Expalaemon styliferus.
g.Stenopid shrimps

They are usually associated with reefs. They have
enlarged third pair of walking legs. Members of the
genus Stenopus are commonly known as cleaner
shrimps. Stenopus hispidus is a common aquarium
pet under the family stenopodidae. This banded
cleaner shrimp or banded coral shrimp uses its
three pairs of claws to remove parasites, fungi and
damaged tissue from fish.

Mud shrimp species

h. Mud shrimps (Thalassinideans)

They construct burrows in intertidal and subtidal
soft sediments. Their burrows are considered to be
the deepest and complex among the crustaceans.
They use the burrows for shelter, reproduction and
feeding. They have a brief pelagic larval stage but

spend most part of their life in burrows. The largest
individuals may reach 10 cm (excluding appendages).
They have an exceedingly large claw which may be
on the right or left side.

Podopthalmus vigil Calappa calappa

Calappa japonica Galene bispinosa

Liagore rubromaculata Jonas indica

Cryptopodia fornicate Parthenope longimanus

Dorippe quadridens

Brachyuran crabs

The brachyuran crabs or true crabs belonging to the
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infraorder Brachyura are the most diverse groups
among the decapod crustaceans. They lack tail and
their abdomen are reduced and curved or tucked under
their body. Around 991 species of brachyuran crabs
have been recorded from Indian waters. Commercially
important crabs belong to the family Portunidae. The
important commercial brachyuran crabs are Portunus
pelagicus, Portunus sanguinolentus, Charbydis feriata,
Charybdis lucifera and Scylla spp. Lesser important
crabs belonging to family Portunidae are Portunus
gladiator, Portunus argentatus, Podopthalmus vigil,
Chraybdis natator, and Charybdis smithii. There are
several species of crabs caught as bycatch in trawlers
in India belonging to different families — Calappidae,
Matutidae, Dorippidae, Dromiidae, Leucosiidae,
Xanthidae, Corystidae, Galenidae, Majidae, Grapsidae,
Geryonidae, Ocypodidae etc.

Anomurans

The anomurans include the hermit crabs, porcelain
crabs, mole crabs or sand crabs, hairy stone crab, king
crab and squat lobsters. They have telson and uropods
which the brachyuran crabs lack. Majority of anomurans
live in tropical and temperate marine habitats

Hermit crabs

Hermit crabs

They have a soft body and carry a shell to protect
their-self. Their entire body can be retracted into the
shell. The shells used by them are mostly that of snails
and also bivalve shells. As they grow they change their
shell to accommodate themselves. They range in size
from a few millimeters to the size of a coconut. The
hermit crabs belong to the superfamily Paguroidea
of the infraorder Anomura. They inhabit both aquatic
and terrestrial habitats. Generally they have only three
pair of walking legs with the last pair of legs being

Albunea

Emerita

very small and positioned under the abdomen hence
not visible externally.

Mole crab/sand crab

They are placed under the family Hippidae. They have
an oval shaped body and are filter feeders burrowing in
sand in the intertidal zone. Albunea spp., Hippa spp.,
Emerita spp. are common and are fed upon by seabirds.

Eumunida funambulus Munidopsis scobina

These organisms are also consumed by humans.

Squat lobsters

In countries like Argentina, Mexico and New Zealand
the squat lobsters are considered as potential fishery
resource. They are found in great abundance in several
countries as bycatch and in India too several species have
been recorded- Munidopdis scobina, Munida squamosa,
Munida japonica, Munida heteracantha) etc.

Genus Eumunida is mostly represented by deep water
squat lobsters. In India, Eumunida funambulus was



reported from off Arabian Sea, coast of Tamil Nadu
and Lakshadweep. Their first pair of appendage is
much longer than their body length.

Porcelain crabs

The porcelain crabs are small in size usually less than
15 mm in carapace width. They are fragile and have
the habit of shedding their limbs when attacked by
predators, hence the name Porcelain crabs. These
shed appendages often grow back after moulting.
They use their fifth pair of pereiopods for cleaning
and chelate appendages for territorial struggle.

Lobsters

Palinurid lobsters

The Palinurid lobsters are moderate to large sized,
lacking rostrum and having spines or granules on the
carapace and are placed under the infra order Achelata.
Most of the species are brightly coloured have bands

Palinustus waguensis Palinustus waguensis

Peurulus sewelli Panulirus versicolor

Thenus unimaculatus Petractus rugosus

or spots. They are mostly coastal and species of the
genera Linuparus, Peurulus are found beyond 300 m
depth. They are usually caught in traps and also form
bycatch in trawls. The genera Panulirus in Indian waters
(including Andaman & Lakshadweep) is represented by
Panulirus homarus, P versicolor, P ornatus, R longipes,
P pencillatus and P polyphagus, all being commercially
exploited. The deep water lobster Peurulus sewelli is
fished along the southern coasts of India. Linuparus
somniosus is distributed in Andaman waters.

Scyllarid lobsters

They have flattened firm body, lacking rostrum or with
rudimentary rostrum. They also are members of the
infra order Achelata. They range in total length from
a few to 40 cm. Antennae is short and broad, plate
like or flattened lacking flagella, hence they are also
called shovel nosed lobsters. Body colour is usually
in various shades of brown. Thenus unimaculatus is
fished commercially in Indian waters (Kerala, Tamil
Nadu & Maharashtra). Certain other species recorded
are Petractus rugosus, Scyllarides elisabethae and
Scyllarides tridacnophaga. Petractus rugosus have
ornamental potential and Scyllarides tridacnophaga
grow to large size and are edible.

Polychelids

They possess extremely long and chelate first

Enoplometopus macrodontus
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pereiopod and are inhabitants of very deep water,
hence are blind eg Stereomastis nana from Indian
waters. All five pairs of pereiopods may be clawed
from which they get the name polycheles which
means many clawed.

Astacids

The reef lobsters comprise single family and one genus
Enoplometopus. Only two species are recorded from
Indian waters — Enoplometopus macrodontus and

Nephropsis stewartii

Enoplometopus occidentalis. They usually inhabit
reefs and can be distinguished from the Nephropsid
lobsters by the presence of fully developed claws on
the first pair of pereiopods, the second and third pair
of pereiopods being only subchelate. They are caught
from a depth of 90 to 200 m.

Members of the family Nephropidae have tubular
body with well-developed rostrum, first pair of legs
larger than the other pairs. The first three pairs of legs
are with pincers. Nephropsis stewarti and Nephropsis
carpenteri are recorded from Indian waters and have
commercial value in some countries.

Stomatopods

Stomatopods are commonly known as praying mantis
shrimp. They are predatory, the second maxilliped
modified as large raptorial appendages. The last three
segments of the second maxilliped fold against each
other forming the raptorial claw similar to the praying
mantis insect. There are 65 species of stomatopods
recorded from Indian waters. Maximum numbers
(38) have been recorded from Tamil Nadu, 22 from
west Bengal and 17 from Maharashtra. They are

Squilloides leptosquilla

Oratosquilla woodmasoni

Lysiosquilla tredecimdentata

found to inhabit sandy or muddy bottom in the
littoral region up to a depth of 100 m. One species
Squilloides leptosquilla was recorded from a depth of
150 to 300 m. Some species belonging to the family
Gonodactylidae inhabit coral reefs. Several species
form commercial fishery in the Mediterranean Sea.
In East Asia, Oratosquilla oratoria and in Indo-Pacific
various species of squillids and lysiosquillids are fished.

Suggested readings

Radhakrishnan E.V., Josileen Jose and Lakshmi Pillai, S. 2011.
Handbook of Prawns. Central Marine Fisheries Research
Institute, Kochi

Kathirvel, M. 2008. Biodiversity of Indian Stomatopods. Glimpses of
Aquatic Biodiversity, Rajiv Gandhi Chair Spl. Pub., 7:93 - 102.

Galil, B.S. 2000. Crustacea Decapoda: Review of the genera and
species of the family Polychelidae, Wood-Mason, 1874. In
A.Crosnier (ed.) Résultats des Campagnes MUSORSTOM,
Volume 21. Mémoires du Muséum national d'Histoire naturelle,
184: 285-387.

Ng Peter, K.L., Guinot, D & Davie, PJ.F. 2008. Systema Brachyurorum:
PartI. An annotated checklist of extant brachyuran crabs of the



world. The Raffles Bulletin of Zoology, 17 : 1-286.

Fischer, W & Bianchi, G. 1984. FAO species identification sheets
for fishery purposes, Western Indian Ocean, Fishing area 51.
FAO, Rome.

Baba, K. 2005. Deep sea Chirostylid and Galatheid crustaceans
(Decapoda Anomura) from the Indo Pacific with a list of
species. In Torben Wolff (ed). Galathea Report-Scientific results
of the Danish deep sea expedition round the world, 1950-
52,20:1-317.

Komai, T. 2004. A review of the Indo West Pacific species of the
genus Glyphocrangon A Milne Edwards, 1881 (excluding
G. caeca species group) (Crustacea Decapoda:Caridea:
Glyphocrangonidae) in Marshall B and Richer D Forges B. (eds),
Tropical Deep sea benthos, Volume 23, Mem.Mus.Natl.Hist.
Nat., 191: 375-610.
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Introduction

Phylum Mollusca is the second most diverse group
under the animal Kingdom. They are soft bodied
invertebrates often enclosed in a hard exoskeleton
or shell. Therefore the word mollusc is derived from
the Latin word mollis with the meaning soft. The
branch of zoology that deals with the study of
mollusc, known as malacology, originates from the
Greek word for soft ‘malacos’.

Molluscs are among the most successful of the
animal phyla in terms of numbers of species and
also in terms of the wide range of habitats to
which they have become adapted. They occupy a
vast range of habitats, both aquatic and terrestrial,
from the arctic seas to small tropical streams, from
valleys to mountainsides and few are adapted to
live in deserts while some are parasitic. In the sea
they occur from the deepest ocean trenches to
the intertidal zone.

Molluscs also exhibit an enormous range in size,
from species which are almost microscopic to
the largest of all invertebrates, the giant squid
which can weighs 270kg and measures up to 12
m in the body length, with tentacles as much as
another 50 m in length. The diversity of specific
shapes within the phylum makes it difficult to
define mollusc in terms of any distinctive trait.
Structures that are prominent in some groups may
be completely absent in others. One of the most
characteristic features of molluscs is the possession
of a hard calcareous shell by the majority of
species offering protection, shape and rigidity to
the soft visceral mass. These shells are long lasting
and have been collected by human beings for
thousands of years.

Classification

In terms of taxonomic rank, phyllum Mollusca consist
of two subphyla, namely Aculifera and Conchifera.
Aculifera includes all molluscs that either primitively
lack a shell (aplacophora) or have a series of plates
instead of a single shell (polyplacophora). The
subphylum Aculifera includes the class Polyplacophora
(chitons) as well as the classes Caudofoveata and
Solenogastres (or Solenogasters), along with their
fossil relatives. The subphylum Conchifera (shell-
bearers) comprises of five classes, which includes the

Fig. 1. Molluscan phylogeny based on morphological and larval features
(Adapted from von Salvini-Plawen (1990a, b)

dominant molluscan classes the Gastropoda, Bivalvia
and Cephalopoda.

There are various estimates of the number of species
of molluscs from different parts of the world.
Appeltan et al., (2011) places the number of marine
molluscs between 135,887 and 164,107 (Table. 1) in
a recent compilation. Their estimates of the number
of extant described marine molluscs vary from 43,689
to 51,689. The number of marine species described
per year continues to rise for Bivalvia and Gastropoda
among several other marine taxonomic groups.

In India, major studies have been carried out mainly
on the commercially important molluscan groups.



Nearly, 5,070 species of molluscan species are
recorded under the phylum Mollusca. Among the
molluscan biodiversity, India contributes 7.21% of
the world’s biodiversity (UNEP-GBA, 1995). Within
the number of molluscs recorded from India, 3,370
species of molluscs are recorded from marine habitat
(Venkataraman and Wafar, 2005).

Solenogastres,
Caudofoveata
and Polyplacophora

Two groups of aplacophorans, Caudofoveata
(Chaetodermomorpha) and Solenogastres, are
universally recognized but their current classification
is still contentious with two different systems in use.
One system treats Caudofoveata and Solenogastres
as subclasses of a class Aplacophora, which is
accepted to be monophyletic while the other system
consider Solenogastres and Caudofoveata to be
paraphyletic. The latter view is largely corroborated
by studies comparing morphological characteristics
and molecular analyses, but the interrelationship
between the two remains ambiguous with recent
studies supporting either of the classification systems.
The classification recognizing Caudofoveata and
Solenogastres as separate classes is considered here.
The two classes are however still known collectively
as aplacophorans. Though they are not reported
from Indian Sea, about 263 species of Solenogastres

and 133 species of Caudofoveata are described so
far (Table 1).

Solenogastres are worm-like marine animals without
shells, having a narrow, ciliated, gliding sole located
in a ventral groove (possibly related to the foot of
other mollusc) on which they crawl on hard or soft
substrates, or on the cnidarian colonies on which they
feed. The solenogasters range in size from less than
a millimeter (0.8 mm) in body length (Meiomenia
swedmarki) to more than 30 cm long (Epimenia
babai) and often colorful. Caudofoveata are worm-like
lacking a ventral groove and foot. They are covered
by cuticle and aragonitic scales. They are infaunal,
feeding on detritus or selectively on foraminiferans.
Hence they are adapted to burrowing in the mud
with their oral shield. Caudofoveates range in length
from 2 mm (Prochaetoderma raduliferum) to 14 cm
(Chaetoderma Productum).

The representatives of Polyplacophora are commonly
referred to as the Chitons. They are dorsoventrally
flattened, exclusively marine molluscs characterized
by the presence of eight dorsal aragonitic shell plates
(valves) and a broad ventral ciliated foot. There is
thick marginal girdle surrounding the dorsal shell
plates covered by a chitinous cuticle. About 930 living
species are reported from the marine intertidal or
sublittoral, including deep-sea species ranging from
3mm to 43 cmin size. Nearly 21 species are reported
from the Indian Seas.

Table 1. Estimates of Known and Unknown global marine molluscan species diversity (Adapted from Appeltans et al., 2012)

Total known % Undescribed = Undiscovered Total Total Total % New spp.
(Described)  Synonyms  collected (Morphospecies) = unknown unknown  estimated  Known  (1999-2008)
(Experts) (Model)
Bivalvia 9000 55 2000 3000 5000 ** 135,887- 64
164,107
Caudofoveata 133 8 Not 500 500 No data 21
estimated
Cephalopoda 761 No data 150 500 650 No data 54
Gastropoda 32000- 69-75 35000- 50000-60000  85000- * 23-32
40000 45000 105000
Monoplacophora 30 Nodata 3 50 53 No data 36
Polyplacophora 930 52 50 50-100 100-150 No data 86-90
Scaphopoda 572 33 55 500 555 No data 51
Solenogastres 263 21 20-30 320-480 340-510 No data 34-44
Total Mollusca 43,689- 37,278- 54,920-65,130  92,198- 28-36 4022
51,689 47,288 112,418

** rate of discovery still rising
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Monoplacophora

Extant Monoplacophora live in deep cold waters
and resembles chitons in several characters. They
are molluscs with a cap-shaped shell. They are not
reported from Indian Seas. Thirty species are described
under the class Monoplacophora. They are smaller in
size ranging from 1.5 to 37 mm.

Scaphopoda

Scaphopods are inhabitants of the sea floor. The shell
is tubiform to barrel-shaped and is open at both
ends. The foot is pointed and cylindrical. The foot
extends from the anterior (front) opening, with which
scaphopods dig into the sandy sea floor. Tusk shells
are exclusively marine and 18 species are reported
from India. They range in size from 2-150 mm, eg.
Dentalium (Dentalium) aprinum, Dentalium elp.

Class Bivalvia
(Lamellibranchia
or Pelecypoda)

(Adapted from Poutiers, 1998a)

Marine bivalve families reported from India

© © 0 0 0 0 0 00 00 0 00 0 0000000000000 00000000000 000000000000 0000000000000 00000000 o

Solemyidae Pectinidae
Nuculidae Spondylidae
Nuculanidae Anomiidae
Yoldiidae Placunidae
Malletiidae Lucinidae
Arcidae Galeommatidae
Noetiidae Kelliidae
Cucullaeidae Carditidae
Limopsidae Chamidae
Glycymerididae Crassatellidae
Mytilidae Cardiidae
Pteriidae Tridacnidae
Malleidae Mactridae
Isognomonidae Mesodesmatidae
Pinnidae Solenidae
Limidae Pharidae
Gryphaeidae Tellinidae
Ostreidae Donacidae
Plicatulidae Psammobiidae

Propeamussiidae

Solecurtidae

Semelidae Lyonsiidae

Dreissenidae Myochamidae
Trapezidae Pandoridae
Glossidae Penicillidae
Vesicomyidae Poromyoidea
Corbiculidae Ungulinidae
Veneridae Unionidae
Petricolidae Verticordiidae
Turtoniidae

Corbulidae

Myidae

Gastrochaenidae

Pholadidae

Teredinidae

Astartidae

Cuspidariidae

Cyrenidae

Euciroidae

Glauconomidae

Laternulidae



Characteristics of importa Nt share a basic morphology. The bivalves are bilaterally

bivalve families (marine) symmetrical, laterally compressed molluscs, with

(Source. Poutiers. 1 998a) extensive mantle lobes which secrete a single shell
. ]

composed of two valves. The bivalves are mainly
The Bivalvia is the second largest class of the  marine, but a few species are found in freshwater
molluscs. They show much variation in body formyet  habitats, although none have invaded the land.

Pteriidae (Pearl oysters, wing oysters)

Pteriidae is a bivalve family of great economic importance. The dorsal shell margin is
often produced at each end into a wing-like ear, sometimes very long behind. Shell
slightly inequivalve. Right valve is with a byssal notch anteriorly. Hinge toothless or
with denticles. Interior brilliantly nacreous. Only one adductor muscle scar. Pallial line
without a sinus. In Indian Seas 12 species are reported under this family including
the six species of pearl oysters, eg. Pinctada fucata, R margaritifera, R chemnitzii, P
sugillata, Pteria spp.

Pectinidae (Scallops)

Pectinidae have circular shells with radiating ribs, shell more or less inequivalve,
ovate to subcircular with a straight dorsal margin forming wing-like ears. A byssal
notch and a ctenolium at right valve. Ligament internal, in a small trigonal pit
pointing under the umbones. Hinge without teeth. A single adductor muscle scar.
Pallial line without a sinus. Thirty one species are reported from Indian waters, eg.
Chlamys tranquebaricus

Anomiidae (Jingle shell)

The shells are inequivalve, often irregular, adhering to substrate by means of a
calcified byssus passing through a hole-like embayment of right valve. Ligament
internal. Hinge without teeth. Central area of the interior thickened, with 1 or 2
retractor muscle scars in left valve, in addition to the single adductor scar. No pallial
sinus. Four species are reported from India, eg. Anomia ephippium

Placunidae (Windowpane oysters)

Placunidae includes only a single genus and single species. Shell thin, rounded to
saddle-shaped, very compressed laterally, slightly inequivalve. Ligament internal,
forming an inverted V-shaped structure. Hinge without teeth. A single adductor
muscle scar. Pallial line without a sinus, eg. Placuna placenta

Ostreidae (Oysters)

Ostreidae and Gryphaeidae are known as the true oysters. Shell inequivalve,
cemented to substrate by the left valve, right valve quite flat. Ligamental area with
a shallow median groove and 2 lateral thickenings. Hinge without teeth. A single
adductor muscle scar, median in position or nearer to the ventral margin. Internal
margins smooth or with simple short marginal crenulations. About 11 species
are recorded from India, eg. Crassostrea madarsensis, C. gryphoides, C. rivularis,
Saccostrea cucullata.

Gryphaeidae (Honeycomb oyster)

Gryphaeidae is having only a single species reported from India, the giant honeycomb
oyster (Hyotissa hyotis). Shell more or less inequivalve, cemented to substrate by the left
valve, with a microscopic vesicular structure. Ligamental area with a shallow median
groove. Hinge without teeth. A single adductor muscle scar, closer to the hinge.
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Pholadidae (Angelwings, paddocks)

Pholadidae have uniquely evolved shells. They burrow a cavity into wood, rock and
other materials for protection. Shell subequivalve, gaping. Dorsal margin forming
an umbonal reflection. A number of accessory calcareous plates about the main
shell. Ligament reduced. Hinge without teeth. A finger-like internal apophysis. Three
adductor muscle scars. Pallial line deeply sinuated, eg. Martesia striata

Teredinidae (Shipworms)

Teredinidae are known for boring into wood structures that are immersed into
seawater. Shell reduced, equivalve, widely gaping. Anteroventral margin with a
deep, right-angled notch. Dorsal margin forming an umbonal reflection. Ligament
reduced. Hinge without teeth. A finger-like internal apophysis. An internal
umbonoventral ridge, with a knob at both ends. Three adductor muscle scars.
Accessory calcareous tube lining burrow long, closed by a pair of pallets. eg.
Uperotus panamensis. Teredora malleolus.

Mytilidae (Mussels)

Mytilidae include the green mussel Perna viridis, and P indica, important mariculture
species which also contribute to the fishery. Thirty two species are recorded from India,
of which 5 species are endemic to India. Shell equivalve and very inequilateral, with
a byssal gape. Umbones at or near anterior end. Periostracum prominent. Ligament
external, deep-set, supported by a whitish ridge. Hinge teeth absent or reduced.
Adductor muscle scars unequal, the anterior one small to absent. Pallial line without
a sinus. Inner side with an extensive nacreous layer, eg., Perna spp., Modiolus spp.

Pinnidae (Pen shells)

The pen shells are large, brittle, equivalve, subtrigonal, ventrally and posteriorly
gaping; very inequilateral, pointed in front. Anterior end eroded and internally
closed by small transverse partitions. Ligament linear. Hinge without teeth. Interior
with a thin nacreous layer, restricted to the anterior half. Two unequal adductor
muscle scars, eg. Pinna spp. Seven species are recorded from India.

Tridacnidae (Giant clams)

The family includes the largest living bivalve species, the giant clams, Tridacna spp.
Four species are reported from India. Shell equivalve, thick, heavy and often very
large, with strongly scalloped free margins. Umbones ventral, free margins of the
valves dorsal-most in position. Byssal gape, when developed, internally plicate.
Outer surface with strong radial folds. Ligament external. Hinge with ridge-like
cardinal and lateral teeth. A single adductor muscle scar, associated with a pedal
retractor scar, submedian in position. Pallial line without a sinus.

Arcidae (Ark shells)

About 37 species are recorded from Indian Seas under the family Arcidae. This
includes the commercially important blood clam, Anadara granosa. Shell equivalve
or slightly inequivalve, mostly longer than high, more or less inequilateral. Umbones
prosogyrate, on top of a wide cardinal area. Ligament external, often with V-shaped
grooves. Hinge elongate, almost straight, with numerous small transverse teeth.
Two subequal adductor muscle scars. Pallial line without a sinus.




Mactridae (Trough shells)

The shell is shaped like a rounded-cornered equilateral triangle and there is a slight
gape at the posterior, shell equivalve. Umbones prosogyrate. Internal ligament well
developed, in a trigonal pit of hinge plate. Hinge characteristic, with 2 cardinal
teeth and lateral teeth; cardinal teeth of the left valve forming an inverted V-shaped
process. Two adductor muscle scars. Pallial line with a well-developed sinus. The
superfamily Mactroidea, which includes Mactridae and Mesodesmatidae contains
32 species, of which 3 species are endemic to India. eg. Mactra violacea.

Mesodesmatidae (Wedge clams)

Shell equivalve, inequilateral, subtrigonal to wedge-shaped. Umbones opisthogyrate.
Internal ligament in a deep pit of hinge plate. One or 2 cardinal teeth and lateral
teeth. Two adductor muscle scars. Pallial line with a short sinus. eg. Mesodesma
glabaratum.

Solenidae (Razor shell)

Members of the genus Solen are with a narrowly elongate shape, gaping at both
ends. Umbones more or less near the anterior end. Ligament external. Hinge feeble.
Two adductor muscle scars, the anterior one larger. Pallial sinus relatively shallow,
eg., Solen spp.

Corbiculidae (Basket clams)

Shell equivalve, solid, umbones prosogyrate. No lunule or escutcheon. Periostracum
conspicuous. Ligament external. Three diverging cardinal teeth in each valve, and
strong anterior and posterior lateral teeth. Two adductor muscle scars. Pallial sinus
reduced to absent. The family includes the commercially important black clam,
Villorita cyprinoides, the mangrove clam, Polymesoda erosa.

Veneridae (Venus clams)

The superfamily Veneroidea having three families (Petricolidae, Turtonidae,
Veneridae) is the second largest after the Tellinids. Ninety species are reported
under this superfamily from India. Shell mostly solid, equivalve, inequilateral, with
prosogyrate umbones. Lunule and/or escutcheon usually present. Ligament external.
Three cardinal teeth in each valve, anterior lateral teeth sometimes present. Two
adductor muscle scars. Pallial sinus usually present. eg. Meretrix spp., Paphia spp.

Cardiidae (Cockles)

Twenty five species are recorded from Indian Seas. One species is endemic to
Andaman and Nicobar. Shell equivalve, inflated, oval to subquadrate, sometimes
heart-shaped. Umbones prominent. External sculpture mostly radial. Ligament
external. Hinge characteristic, with teeth curving outwards; 2 cardinal teeth and
lateral teeth in each valve; cardinal teeth cruciform in arrangement. Two adductor
muscle scars. Pallial line without a sinus. eg. Cardium flavum, Cardium asiaticum.

Carditidae (Carditas)

Carditidae family is represented by 7 species in Indian Seas. Shell equivalve, stout
and inflated, inequilateral. Exterior mostly with radial ribs. Ligament external. Two
cardinal teeth, unequal and with fine transverse striations; lateral teeth frequently
reduced to absent. Two adductor muscle scars. Pallial line without a sinus. eg.
Cardita antiquata
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One of the most widely accepted classification
systems for the class Bivalvia was that which
employed a grouping system based on the shell
shape, microstructures and hinge configuration by
Newell (1965, 1969). Because features such as hinge
morphology, dentition, mineralogy, shell morphology
and shell composition change slowly over time,
therefore these characteristics are used to define
major taxonomic groups.

Among the 652 species of marine bivalves reported
from India, 88 species are endemic to Indian waters
(Tripathy and Mukhopadhyay, 2014).

Class Gastropoda

Gastropods are the most successful group of molluscs
not only in terms of the number of species, but also
in the wide range of habitat in which they may
be found. Marine gastropod species have become
adapted to living on all types of substratum and some
have even adopted a pelagic existence. Generally a
univalve spirally coiled shell is present in the majority
of gastropods, although the shell may be poorly
developed or lacking in the opisthobranchs. Their soft
body is divided into 4 main regions: the head, which
normally protrudes anteriorly from the shell; the foot,
a muscular ventral organ with a flattened base used
for locomotion (creeping or burrowing); the visceral
mass, which fills dorsally the spire of the shell, and
contains most organ systems; the mantle, a collar-
like tegument which lines and secretes the shell,
and forms a mantle cavity normally provided with
respiratory gills in aquatic species. The noteworthy
asymmetry of the internal anatomy of gastropods
results from a twisting through 180° called the
"torsion”, which occurs in the first few hours of larval
development. Part of the paired organs of the visceral
mass cease developing, and the animal begins to be
asymmetrical. This internal asymmetry persists in the
adult, even when a subsequent detorsion occurs.

The taxonomy of the Gastropoda was revised by
Philippe Bouchet and Jean-Pierre Rocroi in 2005. They
have grouped both living and extinct gastropods, as
well as some fossils as clades, derived from research
on molecular phylogenetics. This is in contrast to
the taxonomic schemes relying on morphological

features of the animals. In the Bouchet and Rocroi
taxonomy, clades are unranked and used between the
rank of class and the rank of superfamily. They use
six main clades: Patellogastropoda, Vetigastropoda,
Cocculiniformia, Neritimorpha, Caenogastropoda,
and Heterobranchia. The first three of these major
clades have no nesting clades within them: the
taxonomy goes immediately to the superfamily level.
Within the Caenogastropoda there is one extra clade.

Cladogram showing gastropod clads, groups and informal
groups (Bouchet and Rocroi, 2005)

1. Patellogastropoda
2. Vetigastropoda
3. Cocculiniformia
4. Neritimorpha
*  Paleozoic Neritimorpha of uncertain systematic
position (fossil)
*  Cyrtoneritimorpha (fossil)
*  Cycloneritimorpha
5. Caenogastropoda
Caenogastropoda of uncertain systematic position
Architaenioglossa
Sorbeoconcha
Hypsogastropoda
+ Littorinimorpha
+ Ptenoglossa
+ Neogastropoda
6. Heterobranchia
*  Lower Heterobranchia
*  Opisthobranchia
Cephalaspidea
Thecosomata
Gymnosomata
Aplysiomorpha
Acochlidiacea
Sacoglossa
Cylindrobullida
Umbraculida
Nudipleura
A Pleurobranchomorpha
A Nudibranchia
» Euctenidiacea
» Dexiarchia
* Pseudoeuctenidiacea
* (ladobranchia
¢ Euarminida
() Dendronotida
¢ Aeolidida

* ot %

+H 4+ 4+

*  Pulmonata
+ Basommatophora
+ Eupulmonata
A Systellommatophora
A Stylommatophora
»  Elasmognatha
»  Orthurethra
»  Sigmurethra



In contrast, within the Heterobranchia, for some of
the nudibranch groups there are six separate clades
above the level of superfamily, and in the case of most
of the land snails, there are four clades above the level
of superfamily. Since the publication of this taxonomic
system in 2005, various proposals for changes have
been published by other authors.

Patellogastropoda, are the true limpets, historically
called Docoglossa. They are found attached to hard
surfaces in the intertidal zone, and are capable of
locomotion (Patellidae, Nacellidae, Pectinodontidae).

Vetigastropoda are considered among the most
primitive living gastropods, and are widely distributed
from the intertidal areas to the deep-sea in all oceans
of the world. They include the keyhole limpets,
abalones, top shells, turban shells and other families
(Trochidae, Turbinidae).

Cocculiniformia includes the deep-sea
limpets (Cocculinidae).

Neritimorpha includes the terrestrial, marine

and freshwater snails and some deepwater
limpets (Neritidae).

Caenogastropoda is a large diverse group of
sea snails, land snails and freshwater snails, which
includes 60% of the extant gastropods. They include
the shelled marine gastropods, the periwinkles,
cowries, moon snails, murexes, cone snails, turrids
and other families.

Heterobranchia includes families which were
historically placed in many different class of
gastropods. This includes three informal groups; the
lower Heterobranchia (shelled marine and freshwater
species), the Ophisthobranchia (mostly marine
species) and the Pulmonata (land snails and slugs;
many freshwater snails and few marine species).

Marine gastropod diversity

Nearly 32,000-40,000 marine gastropods are described
globally and an additional 35,000-45,000 more are
collected but undescribed. In India, there are 1487 listed
marine gastropod species along the east coast of India,

Characteristics of important gastropod families (marine)

(Source: Poutiers, 1998b)

Haliotidae (Ear shells)

Shell ear-shaped, not permanently cemented to a substrate depressed and loosely
coiled. Spire eccentric. A spiral row of holes on body whorl. Aperture occupying
most of the underside. Interior nacreous. No operculum. Haliotis varia (variable

abalone)

Trochidae (Top shells)

Shell conical to globose, often with a flattened base. Aperture without a siphonal
canal, nacreous within. Operculum corneous, nearly circular. Trochus radiates, T.
niloticus (Commercial top), Umbonium vestiarium, (Common button top)

Turritellidae (Screw shells)

Shell elongate, sharply conical, with numerous whorls and a small aperture. Whorls

sculptured with spiral ribs or keels. Siphonal canal absent. Operculum corneous,

rounded. Turritella attenuata, T. acutangula
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Buccinidae (Babylon shells)

Shell with a fairly high spire and large body whorl. Outer surface smooth or with
sculpture, without axial varices. Siphonal canal rather short. Operculum corneous.
Babylonia spirata, B. zeylanica, Nassaria sp.

Muricidae (Murex snails)

Shell variably shaped, generally with a raised spire and strong sculpture with axial
varices, spines, tubercles or blade-like processes. Periostracum absent. Aperture
with a well-marked siphonal canal. Operculum corneous. Murex sp. Haustellum
Haustellum, Thais sp., Drupa sp., Rapana rapiformis

Cerithiidae (Horn shells)

Shell sharply conical, with a high, many-whorled spire and rather small aperture.
Sculpture variable. Aperture with a siphonal canal. Outer lip somewhat expanded.
Operculum ovate, corneous, with a few spiral coils. Cerithium spp.

Cassidae (Helmet shells)

Shell thick and solid, with a large body whorl and rather small, conical spire.
Sculpture variable, axial varices sometimes present. Aperture elongate, with a short
siphonal canal, recurved dorsally. Outer lip thickened. Inner lip with a shield-like
callus. Operculum quite small, corneous. Cypraecassis (C.) rufa, Phalium glaucum,
Semicassis (S.) bisulcata

Tonnidae (Tun shells)

Shell thin, globose, with a short spire and very inflated body whorl. Sculpture
only spiral. Siphonal canal short. Operculum absent. Tonna dolium, T cumingii, T
tessellata

Conidae (Cones)

Shell cone-shaped, with a low spire and a well-developed body whorl tapering
towards the narrow anterior end. Aperture very long, with a short siphonal canal.
Operculum corneous, quite small. Conus sp.

Olividae (Olive shells)

Shell elongate-ovate, with a short spire, a large body whorl and channeled sutures.
Surface smooth, highly polished. Aperture elongate, with a short siphonal canal.
Inner lip calloused, with oblique grooves anteriorly. Operculum absent. Oliva sp.




Ranellidae

Shell ovate-fusiform, with a strong sculpture and axial varices. Periostracum
frequently well developed and hairy. Aperture with a siphonal canal. Operculum
corneous. Cymatium (L.) lotorium, C. (M.) pileare.

Ficidae (Fig shells)
Shell thin, pear-shaped, drawn out anteriorly into a long, tapered and gracefully
curved siphonal canal. Operculum absent. £ gracilis, F. investigatoris, F. Ficus.

Volutidae (Volutes)

Shell variable in shape, often glossy and brightly coloured. Aperture long, with a
short siphonal canal. Inner lip with strong folds, weaker posteriorly. Operculum
horny, often absent. Voluta lapponica. Melo melo, Voluta sp.

Turbinellidae (Chank shells)

Shell thick and heavy, biconical to fusiform, often nodulose to spinose on shoulder.
Periostracum conspicuous. Siphonal canal present. Inner lip with strong folds.
Operculum corneous. Turbinella pyrum

Bursidae (Frog shells)

Shell ovate, often slightly dorsoventrally compressed, with 2 strong axial varices
per whorl. Periostracum obsolete. Aperture with a short siphonal canal and a
distinct posterior canal. Operculum corneous. Bufonaria crumena, B. echinata, B.
margaritula

Naticidae (Moon snails)

Shell globular to ovate-conical. Outer surface smooth or with reduced sculpture.
Aperture large, semicircular. Siphonal canal absent. Umbilicus open or closed,
sometimes with an internal rib. Operculum corneous or calcified. Natica sp.

Turbinidae (Turban shells)

Shell thick, turbinate to conical. Outer sculpture often spiral to nodular. Aperture
rounded, without a siphonal canal, nacreous within. Operculum strongly calcified.
Turbo marmoratus (Great green turban) T (M.) radiates, T intercostalis, T. (M.)
brunneus (Brown Pacific turban)
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Strombidae (True conches)

Shell thick and solid, with a relatively large body whorl. Aperture with a well-
marked siphonal canal. A distinct notch along the anterior margin of the outer lip.
Operculum corneous, claw-like. Tibia curta, T deliculata, Lambis (Lambis) lambis
(common spider conch), Strombus (Laevistrombus) canarium (dog conch), S.
(Dolomena) marginatus (marginate conch), Terebellum terebellum

Cypraeidae (Cowries)

Shell ovate or oblong, spire concealed under body whorl. Surface highly polished,
smooth. Aperture long and narrow, channeled at both ends. Both lips with teeth.
No operculum. Cypraea sp.

Ovulidae

Shell globular to spindle-shaped, with more or less expanded extremities. Spire
concealed under body whorl. Surface often smooth, porcellaneous. Aperture very
long, channeled at both ends. Inner lip smooth. No operculum. Volva volva

Mitridae (Mitre shells)

Shell fusiform-ovate, with a predominantly spiral sculpture. Aperture notched by a
short siphonal canal. Outer lip not lirate inside. Columella with strong folds, larger
posteriorly. No operculum. Mitra sp.

Potamididae (Horn shells)

Shell high-conical, with many spire whorls. Sculpture generally coarse. Aperture
relatively small, with a short siphonal canal. Outer lip often flaring. Operculum
rounded, corneous, with many spiral coils. Telescopium telescopium, Cerithidea
(Cerithideopsilla) cingulate, Terebralia sp.

of which 222 are repeated and 7 species are freshwater
gastropods (Tripathy and Mukhopadhyay, 2014).

Class Cephalopoda

The class Cephalopoda is the most complex in the
phylum Mollusca, and indeed, in all of the invertebrate
phyla. It includes exclusively marine animals represented
by the squids, octopuses and cuttlefishes. At the present
time the status and understanding of the Systematics

and Classification of the recent Cephalopoda is
under considerable discussion. The families of living
cephalopods are, for the most part, well resolved
and relatively well accepted. Species-level taxa usually
can be placed in well-defined families. The higher
classification, however, still is not resolved. Jereb and
Roper (2005) have used an ‘operational breakdown’ for
classification. For practical purposes they have separated
the cephalopods into several groups, without assigning
or implying taxonomic relationships.



The living cephalopods are at present not the most
successful of the molluscan groups, although there
is fossil evidence to suggest that they were once a
much more important group. There are only about
761 living species (Appeltans et al., 2012) described
compared to 7500 fossil species so far discovered.

Cephalopods are soft-bodied animals with a well-
developed head, bearing an anterior circumoral
(surrounding the mouth) crown of appendages (arms,
tentacles) (Jereb and Roper, 2005). This characteristic
feature reflects the origin of the name Cephalopoda,
which derives from the union of the two Greek words:
‘kefale’, head, and ‘pous’, feet. Arms and tentacles
bear suckers and/or hooks (except in Nautilus), which
are powerful tools to seize prey. The mouth has a pair
of chitinous jaws (the beaks) and, as in other molluscs,
a chitinous tongue-like radula (band of teeth) occurs
in most cephalopod species. The ancestral mollusc
shell is variously modified, reduced, or absent in
living coleoids. It is a calcium carbonate structure
in cuttlefishes, reduced to a rigid chitinous structure

Cephalopod classification (Modified from Jereb and Roper, 2005)

in squids (the gladius or pen) and to a cartilaginous
structure in finned octopods. In some sepiolids no
vestige of shell is found. A true external shell occurs
only in the nautiluses, although a shell-like egg case
is produced and carried by female argonauts (pelagic
octopods often misnamed ‘paper nautilus’). The loss
of the external shell allowed the development of a
powerful muscular mantle that became the main
locomotory organ for fast swimming, via water jetting
from the funnel. The funnel (siphon) is a unique,
multifunctional, muscular structure that aids in
respiration and expulsion of materials in addition
to locomotion. Oxygenated water is drawn through
the mantle opening around the head (neck) into the
mantle cavity, where it bathes the gills for respiration.
Mantle muscular contraction expels the deoxygenated
water from the mantle cavity through the ventrally
located funnel. The discharge jet serves to eliminate
nephridial and digestive wastes, as well as to complete
the respiratory cycle and for locomotion. Female
reproductive products (eggs, egg masses) also are
discharged through the funnel. Most coleoids produce
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ink, a dark, viscous fluid to decoy potential predators,
or a cloud to obscure the escaping cephalopod.

Cephalopod Groups

Squid (Source: Jereb et al., 2010)

Suckers (and/or hooks) present; no external shell.
Suckers stalked with chitinous rings; 10 circumoral
appendages, 8 arms and 2 ventrolateral tentacles;
contractile not retractile, no pockets. Mantle cavity

Uroteuthis (Photololigo) duvauceli

Uroteuthis (Photololigo) chinensis

Uroteuthis (Photololigo) edulis

Uroteuthis (Photololigo) sinhalensis

communicates with the exterior via 3 openings.
Chitinous shell present.

Family: Loliginidae

Internal shell straight, feather or rod-shaped,
chitinous; tentacles contractile, not retractile, no
pockets; fins usually joined posteriorly; mantle
edge near mantle cartilages with small projections
or ‘angles’. Eye covered by transparent membrane
(cornea); Four longitudinal rows (series) of suckers on



manus of tentacular clubs; fins united at posterior end
of mantle; medial posterior border of fins concave.

Family: Ommastrephidae

Internal shell straight, feather or rod-shaped,
chitinous; tentacles contractile, not retractile, no
pockets; fins usually joined posteriorly; mantle edge
near mantle cartilages with small projections or
‘angles’. Eye without cornea; lens in open contact

Stenoteuthis oualaniensis

with seawater. Funnel free from mantle; funnel-
mantle locking apparatus present; Funnel-locking
apparatus not a simple, straight groove and ridge;
Funnel-locking cartilage with a longitudinal and a
transverse groove shaped.

Family: Thysanoteuthidae

Internal shell straight, feather-or rod-shaped,
chitinous; tentacles contractile, not retractile, no

Thysanoteuthis rhombus

pockets; fins usually joined posteriorly; mantle edge
near mantle cartilages with small projections or
‘angles’. Eye without cornea; lens in open contact
with seawater. Funnel free from mantle; funnel-
mantle locking apparatus present; Funnel-locking
cartilage with a longitudinal groove from which a
shorter groove branches medially, shaped; fins more
than 80% of mantle length

Cuttlefish (Source: Reid et al., 2005)

Suckers (and/or hooks) present; no external shell,
suckers stalked with chitinous rings; 10 circumoral
appendages, 8 arms and 2 ventrolateral tentacles.
Mantle cavity communicates with the exterior through
3 openings. Internal shell straight, laminate, calcified;
tentacles contractile and retractile into pockets
between arms Il and 1V; fins not joined posteriorly;
mantle edge near mantle cartilages straight.

Family Sepiidae:

Sepia: Cuttlebone outline elliptical to lanceolate;
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cuttlebone length approximately equal to mantle
length; dorsal anterior edge of mantle usually with
tongue-like projection. Gland and gland pore absent;
mantle-locking apparatus semicircular, without
triangular projection, cuttlebone inner cone with
relatively long limbs; outer cone usually calcareous,
not obviously spatulate posteriorly. Species: Sepiella
inermis, Sepia elliptica, S. prashadi, S. trygonina, S.
aculeata, S. brevimana, S. arabica.

Sepiella: Cuttlebone outline elliptical to lanceolate;
cuttlebone length approximately equal to mantle
length; dorsal anterior edge of mantle usually with
tongue-like projection. A gland and gland pore located
on the ventral side of the posterior end of the mantle;
mantle-locking apparatus with triangular projection;

Sepiella

Sepiella inermis

cuttlebone inner cone with very short limbs; outer
cone a wide, spatulate, chitinized border around
posterior end of cuttlebone. Species: Sepiella inermis

Family: Sepiolidae

Internal shell straight and chitinous; tentacles
contractile and retractile into pockets between arms
[l and IV; fins not joined posteriorly; mantle edge
near mantle cartilages straight.

Sepiola: Paired, kidney-shaped light organs on
anterior surface of ink sac; tentacular club suckers
usually in 4 to 8 transverse rows.

Octopus

Suckers without stalks, bases sometimes constricted
in finned (cirrate) octopods, without chitinous rings;
8 arms, no ventrolateral tentacles. Mantle cavity
communicates with the exterior via one opening,
rarely 2. Octopods have short, sac like body, eight
circum oral arms connected at the base by a numerous
web, no tentacles. Octopods are divided into two
suborders. Cirrata, mostly deep sea forms possess cirri
along the arms and paddle shaped fins dorsal lateral
to the mantle. Incirrata, mostly shallow living forms
instead of cirri have one or two series of non-stalked
suckers along the arms; and no fins.

Family: Octopodidae

Funnel-locking apparatus absent; water pores on head
absent; males not very much smaller than females,
with left or right ventrolateral arm hectocotylized
(never in pocket), with spoon-shaped, non-
filamentous tip; females without dorsal arm flaps or
permanent reticulate sculpturing of ventral mantle

Species: Octopus vulgaris, Amphioctopus marginatus,
Amphioctopus aegina, Amphioctopus neglectus,
Amphioctopus rex, Cistopus indlicus



Nautilus (Source: Jereb, (2005))

Family Nautilidae

Nautilus possess more than ten (63-94) circumoral
appendages, without suckers. The shell is external
and coiled with chambers. The living nautiluses are
limited belonging to 1 family and 2 genera.

Nautilus pompilius
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Introduction

Bryozoans are an ancient, aberrant phylum of
microscopic coelomate and often beautiful animals
that build intricate colonies. Bryozoan phylum
contains around 3,500 living species and 15,000
extinct species. They are found both in marine and
freshwater environments, living at all latitudes and
at depths ranging downward to 8,500 meters.
They have a well recorded fossil history due to their
zooecial nature and have been around since the
Ordovician era. The bryozoans are almost always
sedentary and sessile animals that live exclusively
in colonies, normally adhered to a substratum.
The only exception to this colonial existence
is Monobryozoon, which contains species that
may be solitary, depending upon conditions.

History

Early naturalists classified Bryozoans as members
of the plant kingdom and Linnaeus invented
the name ‘zoophytes’. In early 16" century,
Imperato asserted the animal nature of the
zoophytes and noted the pores on the colonies.
The "pores’ that he noted as the unique features
of these organisms, are still retained in many
generic names of the phylum like Retepora,
Membranipora etc. Despite this, until the latter
part of 18" century, naturalists like Linnaeus,
Cuvier etc. continued to use the term Zoophyta to
describe Bryozoans. By 19" century, they began
to be considered as the polyps of cnidarians. In
the second quarter of 19" century, Thompson and
Ehrenberg independently found out that they are
not ordinary polyps and that they have a separate
digestive tract with two openings. Thompson

gave the name POLYZOA (Many animals) as the
colonies are composed of numerous connected
units called zooids. Ehrenberg named them
as BRYOZOA-"moss animals” (Greek Bryo —
moss and Zoion — animal). Hyman renamed it
as ECTOPROCTA as the animals had their anus
outside the crown of tentacles (Greek ecto —
outside, proktos — anus). The controversy over
which name to be selected still continues, and
today, the phylum has three names—PHYLUM
BRYOZOA or ECTOPROCTA or POLYZOA.

Habitat

Bryozoans are benthic sessile forms found from
continental shelf to bottom depths. In 1995,
the first free-swimming bryozoan colonies were
recorded from Weddell Sea, Antarctica - 400m
deep and some distance from the normal bryozoan
habitats. They resembled floating brown golf balls
in an area free of sea ice for most of the year. It is
suspected that the colonies may have been released
from under the sea ice because of ice break-up.
Another possibility is that the colonies may feed
on the microscopic algae that grow on the under-
layer of sea-ice in this area. A further advantage is
that mobile species are able to exploit patchy food
resources which are some distance apart. This is
important because the plankton levels in the Weddell
Sea are very seasonal. Scientists currently speculate
that the new bryozoan may be a juvenile bryozoan
of the genus Alcyonidium.

Bryozoans are well distributed in the Indian waters.
They show exceptional levels of species diversity than
any other organisms known today (Menon, 1967;
Menon and Menon, 2006).



(Adapted from Poutiers, 1998a)

Basic Morphology
of Bryozoa

The phylum name, Bryozoa, literally means ‘moss
animals’ and refers to the bushy, moss-like colonies
of some species. Flat encrusting forms are sometimes
called sea mats. Erect, lacy forms are often called lace
corals, a name that could also be applied to the thin,
lace-like sheets that encrust kelp fronds.

Bryozoans are defined as microscopic, sessile,
colonial coelomates that are permanently fastened
in exoskeletal cases or gelatinous material of their
own secretion, that are provided with a circular or
crescentic lophophore and a recurved digestive tract
bringing the anus near the mouth, and that lack
nephridia and a circulatory system. The colony can
be arborescent or frondose or can very often form
flat spreading incrustations on objects, or sometimes
become adherent or erect by stolons bearing the

zooids. The colony is composed of individuals (zooids),
each of which is typically enclosed in a secreted
exoskeletal case. The case is termed zooecium; the
zooecia of a colony has an opening to the exterior
called orifice, provided with a closing apparatus called
the operculum. The ectoproct individual or zooid
consists of two main parts, the tentacular crown or
lophophore, protrusible through the orifice, and the
trunk, permanently fastened in the zooecium. In the
marine forms or gymnolaemates, the lophophore
is circular but has the shape of a horseshoe in the
fresh-water or phylactolaemate forms. lophophore
always embraces the mouth but never the anus.
Lophophore is raised above the zooid on a slender
extension of the body wall (the tentacle sheath, or
introvert). When not spread for feeding, the tentacles
are withdrawn into the coelom by the action of paired
retractor muscles. Eversion of the tentacle sheath and
tentacles is effected by raising the hydrostatic pressure
of the body fluid.

The colony is composed of polymorphic zooids.

* Autozooid: zooids responsible for feeding
and excretion.

* Heterozooid: specialized non-feeding
zooids which get nutrients from autozooids
through channels.

* Avicularia: small heterozooids in which the
zooecium and operculum form a beak-like,
snapping structure—defensive in function.

* Vibracula: zooids that bear long setae, or bristles—
clean the bryozoan colony and supposed to aid
in chemoreception.

* Kenozooids: small heterozooids that strengthen
and support the colony as well as fill space.

* Ooecia / ovicells: zooids specialised for
reproductive activities, they act as brood chambers,
producing and holding safe the eggs until they are
ready to hatch.

Also there are individuals that serve as stolons,
holdfasts and attachment discs.

Bryozoans are filter feeders. They have a U-shaped
gut and a lophophore of ciliated tentacles. Retraction
and protrusion of the lophophore aids in feeding.
Tentacles generate a water current and trap small
particles of food on a constantly moving stream
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of mucous. This mucous stream moves down the
tentacles and into the digestive tract, taking anything
it has caught with it. The digestive tract consists of
a pharynx, oesophagus, a stomach and an intestine
which terminates in an anus. The re-curved digestive
tract hangs freely in the coelom with few attachments
to the body wall. In some forms, proximal part of
stomach is altered into a gizzard that helps in grinding
the siliceous and calcareous exoskeleton of diatoms
and dinoflagellates.

The nervous system consists of a main ganglionic mass
situated between the mouth and the anus encircles
the pharynx. The nerves ascend into the tentacles
and descend along the digestive tract and other parts
of the trunk. Most ectoprocts are hermaphroditic.
Circulatory, respiratory and excretory systems as
organic assemblages are wanting.

Bryozoans can reproduce both sexually and asexually.
Most of the zooids are hermaphrodite, but the testes
and ovary usually do not mature at the same time.
Some species shed both eggs and sperm directly
into the water where they fuse. But the majority
of species brood their eggs within the zooecium or
in special chambers known as ovicells, and capture
free-swimming sperm with their tentacles to fertilize
the eggs.

The fertilized eggs divide and develop into free-
swimming ciliated larvae called Cyphonautes. These
animals exist as colonies that are typically derived
by asexual reproduction from a single progenitor
(ancestrula), originating by the metamorphosis of
a sexually produced larva. In those forms where
embryo develops in the ovicell, larvae escape from
the brood chamber and swim away. The escape
of larva appears to be a response to illumination
(positive phototaxis). These larvae eventually settle
on a suitable substrate and metamorphose into a
new zooid. The first formed zooid or the parent
zooid is called ancestrula. Ancestrula initiates colony
formation by asexual reproduction.

Asexual reproduction occurs by budding and is
the main way by which a colony expands in size.
Proliferation proceeds according to a pattern
characteristic of the species. If a piece of a bryozoan

colony breaks off, the piece can continue to grow and
will form a new colony. In old and senile zooids, the
whole body of the zooid retracts to form a small ball,
which then degenerates to form a mass of non-living
debris. This mass is often brownish and is called a
“brown body.” A short time after this process, either
the organism regenerates around the brown body,
which is often incorporated into it or the brown body
is incorporated into the gut and expelled from the
new individual.

In fresh water forms, during winter, the colonies
become dormant or inactive. At this point colonies
form statoblasts which are modified unopened
zooid buds. They are cold resistant and survive the
freezing waters when the rest of the zooid colony
dies off. When the water warms up, each statoblast
germinates into a functional zooid with the ability to
form between one and five newer buds.

Peculiarities in Reproduction

Selfing vs Outcrossing

Studies have shown that selfing (sexual reproduction
involving egg and sperm from the same zooid) is
not routinely occurring in Bryozoans as the fitness of
selfed offspring is significantly reduced compared to
outcrossed offsprings. However, in certain situations
like the following, selfing in Bryozoans could lead to
the production of viable, self-compatible offspring

(Johnson, 2010).

* |f the population within a given locale were
founded by few individuals, the selection for
selfing would be greater, where solitary colonies
were indeed able to reach reproductive maturity,
self, and release offspring and result in the
establishment and subsequent propagation of
self-compatible individuals.

* Results from investigations with Celleporella
hyalina showed a differential ability to self among
geographically distinct populations (Hughes et
al., 2009).

Cloning

Prolific polyembryony (the splitting of a single sexually
produced embryo into many clonal copies), is reported



in marine bryozoans of the order Cyclostomata.
Microsatellite genotyping of brooded embryos
and maternal colonies conclusively demonstrated
polyembryony. The characteristically voluminous
brood chamber of cyclostomes is judged to be an
adaptation linked to larval cloning and hence an
indicator of polyembryony. Embryos are always
genetically identical within broods but genetically
distinct among broods and from their mother. Each
brood, therefore, result from vegetative budding of a
primary embryo, itself derived from a zygote resulting
from outcrossed mating via water-borne sperm. The
reasons of such cloning is not sure, but it is speculated
that either
* Low sperm output from colonies (Pemberton et
al., 2011)or
* Unpredictable environmental conditions or
* Phylogenetic constraint (Hughes et al., 2005) may
be responsible.

Classification

The marine bryozoans, the Gymnolaemata, may or
may not be calcified, at least to some extent, this helps
in classifying this group, which is subdivided into two
living orders, based on the complexity involved by
the calcification of the exoskeleton. The two living
orders are the ctenostomes and cheilostomes in the

sequential order of the morphological complexity.

* The ctenostomes are the gymnolaemates with a
simple, flexible, uncalcified zooecium composed
of chitinous cuticle. Usually represented by
stoloniferous vase like zooids, which are greatly
misunderstood as the coelenterates. The orifice
lacks a closing apparatus called the operculum
but the diaphragm usually bears a pleated collar
which when folded blocks the vestibule.

* The Cheilostomata are the calcified group and the
most dominant group in a bryozoan assemblage. The
colony usually consists of box-like contiguous zooids
arranged as branches, continuous incrustations or
lamellate expansions. They are unique in having
an operculum, the closing apparatus of the orifice.
Polymorphism, a phenomenon of variation in zooidal
structure and function within a species reaches its
paramount in this group. Based on the extent of
calcification of the exoskeleton and the presence
or absence of ascopore, they are subdivided into
Anasca and Ascophora.

»  Anasca having a less calcified membraneous
front which itself regulates the in and
out movements of their feeding organ-—
the lophophore.
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»  Ascophora has a distinctly calcified front due
to which the in and out movements of the
lophophore is facilitated by the possession of
a compensation sac—the ascus.

The family Cribrilinidae needs to be mentioned, which
is the evolutionary link between the Anascans and
Ascophorans, is featured by its calcified costulate
armour with partially exposed front and possesses
characters of both the classes.

Class Stenolaemata has one extant order named
Cyclostomata and two extinct orders.

* The cyclostomes are more complex group
possessing fully calcified tubular zooids.
Lophophore protrusion is by the action of annular
muscles and is devoid of avicularia and vibracula
but heterozooids occur in the form of gonozooids,
nannozooids and kenozooids

Palaentology

The Bryozoa have a long and eventful fossil history.
However, records do not appear in Cambrian (when
most metazoans appeared) or late Pre-Cambrian
rocks. Bryozoa might have existed in the Cambrian but
were soft-bodied or not preserved for some reason.
A poorly preserved fossil called Archaeotrypa from
the upper Cambrian is perhaps the oldest Bryozoan.
The oldest known fossil bryozoans appeared in the
Early Ordovician (diversity of marine invertebrates),
470 million years ago. Freshwater bryozoans are
virtually unknown as fossils, presumably because
they did not have mineralized skeletons. From the
time of their appearance in Ordovician, they evolved
rapidly into many diverse forms. During Ordovician,
the rate of appearance of genera was practically
equalled by the rate of extinction. For the remainder
of the Palaeozoic Era (until 251 mya) they were
abundant in shallow marine environments and were
an important component of coral reefs formed
during this time. Dominant Palaeozoic orders all
belonged to the Class Stenolaemata and included
trepostomes, cystoporates, cryptostomes and
fenestrates. The last of these orders became extinct
at the end of the Permian and the other three did not
survive beyond the Triassic. The massive extinctions

in marine creatures at the end of the Palaeozoic
greatly affected bryozoans. During the following
Mesozoic Era (251-65 mya) they recovered and new
major groups appeared, including those groups that
are most common today. During the Caenozoic Era
(less than 65 mya) bryozoans continued to increase
in variety. Cyclostomes, a stenolaemate order of
minor importance in the Palaeozoic, radiated in the
Jurassic and are extant today. Another extant order—
cheilostomes—first appeared in the Late Jurassic and by
the end of the Cretaceous had surpassed cyclostomes
in both diversity and abundance in fossil assemblages.
Cheilostomes belong to the Class Gymnolaemata
and represent an independent origin of a calcareous
skeleton from a non-mineralized ancestor belonging
to the paraphyletic Order Ctenostomata. Bryozoan
diversity today may be greater than at any time
in the geological past, except perhaps during the
Pliocene before the cooling and other changes that
accompanied Pleistocene glaciation.

Economic Importance

Fresh water Bryozoans (Plumatella species) are one of
the major foulers in pipelines. They disrupt the public
water service in many countries. Many techniques like
Sodium hypochlorite (commercial bleach) washing,
painting the pipelines with Cu containing paints and
spraying with water of increased velocity (>1m/sec)
have been tried, but the following three factors hinder
control efforts:

1. statoblasts that tolerate harsh physical and
chemical treatments;

2. regeneration of bryozoan colonies from pockets
of living tissue;

3. easy dispersal of bryozoans through air and water.

Marine Bryozoa are serious foulers on the hulls of
ships. Many fouling bryozoans are even resistant to
Cu containing anti-fouling paints. Through ships and
through ballast water, they reach new environments
and colonise there as invasive alien species. Tufted
forms like Bugula and Zoobotryon foul the intake
pipes of power station and ships’ cooling systems.
Bugula neretina, an inhabitant of tropical waters have
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reached the British seas and has invaded the area and
established itself as a dominant species.

Species like Alcyonidium is common in N. Sea and gets
trapped in piles in trawling nets. Repeated handling
of this can cause allergic dermatitis with painful rash
and weeping blisters.

Bryozoans are biochemically important and
have been proved to be a rich source of novel
compounds or bioactive agents. Bryostatin-1, a
macrocyclic lactone compound is isolated from
the bryozoan Bugula neritina. It has antineoplastic
activity. Bryostatin-1 binds to and inhibits the
cell-signaling enzyme protein kinase C, resulting
in the inhibition of tumor cell proliferation, the
promotion of tumor cell differentiation, and the
induction of tumor cell apoptosis. This agent may
act synergistically with other chemotherapeutic
agents. A draft developed from this has already

Diversification and colonizationof estuaries

End of the Dinosaurs

Recovery and Diversity

Radiation-Cyclostomes.Entry- Cheilostomes

First Dinosaurs, Mammals, Birds

Stenolaemate extinction

First Reptiles
First Amphibians

First Bryozoan Fossil
First Land Plants
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Archaeotrypa and other soft bodied bryozoans ?

First Invertebrates

reached the pharmaceutical markets (September,
2005). Over 20 different bryostatins have been
isolated from this particular species (Faulkner,
1990, 1991, 1992, 1993, 1994).

According to scientists at the Blanchette Rockefeller
Neurosciences Institute (BRNI) and the Marine
Biological Laboratory, a cancer drug may stimulate
the production of proteins needed for long-term
memory, suggesting the compound may be a possible
treatment for Alzheimer’s disease. Both these drugs
are in the stage of Phase Il clinical trials.

Scientists at BRNI have discovered that Bryostatin
and a related class of drugs discovered at BRNI
administered 24 hours after stroke can rescue and
repair brain tissue. These findings are markedly
advanced compared to current stroke treatments
that must be administered within three hours and
are unable to repair damaged brain tissue.
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B. dentata was shown to contain an anti-microbial
blue pigment (Matsunaga et al. 1986).

A series of brominated alkaloids have been isolated
from Flustra foliacea (Wright, 1984) of which
Flustramines A and B having muscle relaxant
activity and Dihydroflustramine exhibiting strong
antimicrobial activity.

Chartella papyracea and Cribricellina cribraria are
biochemically important for its biological activities
including anti-tumor and antifungal activities (Prinsep
etal., 1991). The calcium carbonate of these animals
isin a highly pure form for the utilisation in dentistry.
Chitin extraction from bryozoan is another field that
is developing. These chemicals open up an important
field in biotechnology research of pharmaceutical
importance. The experimental studies to understand
cloning and mapping of genes is a recent field of
research in which bryozoans are being used extensively
by genetic engineers.
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Introduction

Seaweeds or marine macroalgae consist of
taxonomically distinguished groups of Chlorophyta
(green seaweeds), Phaeophyta (brown seaweeds) and
Rhodophyta (red seaweeds). They are generally found
attached to rocks, pebbles or other aquatic plants in
the intertidal or subtidal regions of the sea. Seaweeds
are valued for the natural source of phycocolloids
such as agar-agar, algin and carrageenan. A number
of tropical seaweeds including green algae (Ulva,
Enteromorpha, Monostroma, Caulerpa) brown
seaweeds (Dictyota, Laminaria, Cladosiphon, Padina)
and red seaweed (Gracilaria, Porphyra, Eucheuma)
are eaten directly (sea vegetables) for their minerals,
vitamins, proteins, essential aminoacids and low fat
content. The major economic significance of seaweeds
is the polysachharides (agar, algin, carrageenan,
agarose etc) certain red and brown seaweed species
contain. Mariculture of seaweeds is essential for the
steady supply of raw materials to seaweed industries
and to reduce the exploitation pressure being faced by
the seaweed beds along the coast. Already countries
like China, Japan, Philippines, Korea are widely
cultivating seaweeds and wild harvests are regulated.

Seaweed Resources

Economically important seaweed resources of the
world, as per the harvests made during 1971-1973 is
estimated to 2.105 million tones wet weight (about
1460 million tones of brown algae; 261 million
tones of red algae) dominated by brown seaweeds
(Michanek, 1975). The south east and north west
coasts of India and the Andaman- Nicobar and
Laccadive archipelagoes harbour a variety of seaweeds
with rich biomass and species diversity. Luxuriant
growth of seaweeds is found in southern coast of

Tamilnadu, Gujarat, Lakshadweep and Anadaman-
Nicobar Archipelagos. Rich seaweed beds occur at
Dwaraka, Okha, Mumbai, Ratnagiri, Goa, Karwar,
Thikodi, Varkala, Vizhinjam, Rameswaram and
Chilka Lakes. There are about 40 seaweed industries
functioning in India producing algin and agar,
depending only on natural resources.

In a checklist of marine algae (Oza and Zaidi, 2001)
844 species of marine algae have been reported from
India, comprising 216 species of Chlorophyta, 191
species of Phaeophyta, 434 species of Rhodophyta
and 3 species of Xanthophyta, which is again revised
to 896 species from 250 genera (Umamaheswara
Rao, 2011) indicating a considerable increase in the
species of seaweeds of India.

Seaweed utilization

Agar is the major constituent of the cell wall of
certain red algae(Rhodophycae), especially the
members of families Gelidiaceae, Gelidiellaceae and
Gracilariaceae. Agar-agar is the Malay word a gelling
substance extracted from Eucheuma, but now known
to be carrageenan. The term agar is now generally
applied to those algal galactans which have agarose,
the disachharide agarobiose as their repeating unit.
Raw materials for the production of agar are red
algae such as Gelidiella acerosa, Gracilaria edulis,
G. verrucosa and species of Gelidium, Pterocladia
and Ahenfeltia.

Agar is an important colloid used extensively if
biomedical laboratories and in R& D labs as a basal
medium for the culture of microbes, cells and tissue.
In food sector, agar is used for gelling and thickening
in the confectionary and bakery purposes and as
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a stabilizer for the preparation of cheese. In fish
and meat processing industries, agar is applied for
canned products as a protective coating against the
effect of metal containers. In brewery agar is used
as a clarifying agent for wines, beer and liquors. In
pharmaceutical industry agar is used as a laxative
for chronic constipation, as a drug vehicle. Agar is
an ion exchanger and is used in the manufacture of
ion exchange resins. In cosmetic industry agar serves
as a constituent of skin creams and ointments. Agar
is also employed in paper and textile industries as
finishing and sizing agents.

Algin or alginic acid is a membrane mucilage and a
major constituent of all alginates. The various salts
of alginic acid are termed “alginates” (eg., sodium
alginate, calcium alginate etc). In pharmaceutical
industry alginic acid is used as emulsifiers in watery
emulsions with fats, oils and waxes as filters in
the manufacture of tablets, pills and as base
of any ointments. An alginate gauze is used as
a blood stopping plaster. As a slimming agent,
the alginate forms a jelly in the stomach which
produces the feeling of satiation. Ammonium
alginate wool is used as a filter for microorganisms
for laminar flowhood.

Carrageenan is a sulphated galactan polymer
obtained from various red seaweeds belonging
to families such as Gigartinaceae, Soliriaceae and
Hypneaceae.In food industry carrageenan finds its use
in bakery, confectionery and for the culinary purposes
especially in the preparation of condiments, syrups,
whipped creams, ice disserts, cheese etc. Carrageenan
is used for clarifying fruit juices and other beverages.
Quality of wheat flour is improved for making
spaghetti and parotta by adding carrageenan. The
food sector accounts for nearly 70% of the world
market for carrageenan.

Mannitol is an important sugar alcohol of the hexite
series found in the cell sap of brown algae. Mannitol
also occurs as mannitan. The chief raw material for
the extraction of mannitol are Fucus vesiculosus,
Bifurcaria brassiformis, Sargassum spp, Turbinaria spp
etc. In pharmacy mannitol is used for the preparation
of tablets, for making diabetic diet, chewing gum
etc. Mannitol is also used in explosives and other

pyrotechniques. Mannitol finds its use as plasticizers
for the production of resins

Liquid seaweed fertilizer Seaweed extract is made
into mineral rich liquid seaweed fertilizer (LSF) and
marketed under various trade names. Studies have
proved that extracts of Sargassum wightii, Ulva lactuca,
and Spathoglossum asperum at 1% strength show
favourable response on the germination, seedling
vigour, fruit setting and on the weight of the fruit
in crops such as groundnut, maize, gingelly, tomato
and ber. Liquid seaweed extract was first patented
in the year 1912. Another patent was offered in
1962 by Maxicrop Ltd and marketed as “Maxicrop”
and "Bioextract”. When foliar feeding became an
orthodox method of plant nutrition in the 1950s
'‘Marinure’, ‘SM-3" and ‘Trident’ brands were made
in the UK in 1966 and ‘Algifert’ in Norway in 1970.
In India SPIC manufactures and markets LSF in the
name of ‘Cytozyme’.

Cattle feed from seaweeds Shrinkage of cultivable
land due to urbanization and shortage of water limit
the possibility of producing more feed and fodder
to livestock from land. Sea remains untapped and
the seaweed resources has got immense potential
to fill the gap in India. Seaweeds are the marine
macrophytic thallophytes and as animal feed had
been in use as early as first century BC by the Greeks.
Seaweed has been used by farmers living near the sea
in Europe. In Norway Ascophyllum is used as pigmeal.
Rhodymenia palmata a red seaweed is called cow
weed in Brittany and horse weed in Norway. Dried
and processed seaweeds have been used as animal
feed in Europe and North America.

Seaweeds are rich in protein (20- 25%), carbohydrate
(50-70%), vitamins, minerals and certain drugs. When
used in animal feed, cows produced more milk, chicken
eggs became better pigmented and horses and pets
became healthier (White and Keleshian, 1994). Feed
supplemented with Gracilaria and /or Spirulina to layer
chicks (white leghorn) increased the number of eggs,
size and colour of yolk(Chaturvedi et al. 1985). Dave
et al. (1977) assessed the possibility of seaweeds being
used as supplementary animal feed and they reviewed
the feeding trials of farm animals with seaweeds
conducted in Japan, Germany, the UK and Norway



Seaweed farming

Seaweed farming is encouraged in developing
countries as it provides employment for poor
fishermen in growing the seaweed as well as in
processing industries. One of the biggest exporters of
cultured seaweed is China where the industry employs
between 100,000-120,000 people. Seaweeds are
cultivated for their commercial importance of
phycocolloids such as agar, algin and carrageenan
besides, their use as food, source of enzymes, dyes,
drugs, antibiotics etc.

Cultivation of seaweeds

in India

Seaweed mariculture in India mostly dealt with
cultivation of Gracilaria edulis due to its high
regenerative capacity. Very recently the cultivation of
Kappaphycus, an exotic carrageenophyte introduced
in Indian waters found to be very encouraging and
shall help overcome the shortage for raw materials
for extraction of carrageenan and will offer live