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FOREWORID

The vast and dynamic marine ecosystems that surround us are home to an incredible diversity
of life, muoch of which remains unexplored and undocumented. Understanding and
conserving marine biodiversity requires a multidiscplinary approach, integrating traditional
taxonomic technigues with modern advanoements in molecalar biology, bivinformatics, and
geospatial analysis. This manual, Trtegrated Toxonewnc Techmiques for Morine Biodiversity
Conserpation, serves as a comprehensive resource designed to equip researchers,
conservationists, and policymakers with the necessary tools and methodologies to study and
protoct marine life effectively.

Accurate species idontification and classification form the foundation of marine biodiversity
research and conservation efforts.  Traditional morphological  faxonomy, though
indispensable, is now complemented by molecular taxonomic techniques, and advanced
imaging technologics. These techniques, when integrated with ecological and geospatial data,
provide a more holistic understanding of species distribution, population dynamics, and
ecosystem health, The manual brings together these diverse methods, offering a practical
guide for implementing integrated taxonomic approaches in marine biodiversity assessments.

At a time when marine ecosystems face unprecedented threats from climate change, habitat
degradation, overexpleitation, and invasive species, this menual arrives as a timely
contribution. By facilitabing precise species idenbification and fostering a  deeper
understanding of marine life, it aids in the development of informed conservation strategies
and sustainable management practices. The collaborative efforts of experts in taxonomy,
molecular biology, and marine ecology reflected in this work highlight the importance of
interdisciplinary approaches In safeguarding our oceans.

| congratulate the Course Director, Dr.Rekha | Nair, Principal Scientist and Course Co-
Directors, Dr. Shelton Padua, Senior Scientist and Dr. Batheesh Kumar R, Scientist, for their
ettorts in bringing out the Manual on time and to arrange the programme in a befitting
mannet, This work will undoubtedly serve as an essential reference for students, researchers,
and conservation practitioners committed to the study and protection of marine life. T hopa
 that this manual inspires further rescarch and innovation in the field of marine taxonomy and
bodiversity conservation, ultimately contributing to the preservation of our planet’s rich and

fragile marine heritage.
Qﬁv:my

Grinson George
[irector
ICAR-Central Marine Fisheries Research Institute Kochi, Kerala



PREFACE

The conservation of marine biodiversity is an urgent global priority, requiring accurate species
identification and classification as a foundation for effective management and protection
strategies. Taxonomy—the science of describing, classifying, and naming organisms—has long
been a cornerstone of biodiversity studies. However, with rapid environmental changes and
increasing anthropogenic pressures, traditional taxonomic approaches alone are often
insufficient. The integration of modern molecular, computational, and geospatial techniques has
revolutionized marine biodiversity research, enabling more precise and comprehensive
assessments of species diversity and ecosystem health.

This manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation, has
been developed to provide a practical and systematic guide for researchers, students, and
conservation practitioners. It bridges the gap between classical taxonomy and contemporary
methodologies, encompassing morphological identification, molecular tools such as DNA
barcoding, and advanced imaging and geospatial techniques. By combining these approaches, we
can enhance the accuracy and efficiency of biodiversity assessments, thereby improving
conservation planning and policy development.

The chapters in this manual have been carefully structured to cover fundamental concepts, field
and laboratory techniques, data analysis, and applications in marine biodiversity conservation.
Special emphasis is placed on interdisciplinary methodologies that integrate taxonomy with
ecological and environmental data, ensuring a holistic approach to species identification and
monitoring. The manual also highlights case studies and best practices to illustrate real-world
applications of integrated taxonomic techniques. This work is the result of contributions from
experts across various fields of marine science, reflecting a shared commitment to advancing
biodiversity research and conservation. We hope that this manual will serve as a valuable
resource for those engaged in the study and protection of marine life, fostering a deeper
understanding of our oceans and the species that inhabit them.

I wish to thank Dr. Himanshu Pathak, Secretary (DARE) and Director General (ICAR), ICAR,
Dr. Joykrushna Jena, Deputy Director General (Fisheries Science), Dr. Shubadeep Gosh, ADG,
(Marine Fisheries), Dr. Seema Jaggi, ADG, Human Resource Development of Indian Council of
Agricultural Research, for giving us an opportunity to organize this Short Course School. I am
also grateful to Dr. Grinson George, Director, ICAR-CMFRI, and Dr. K.S Sobhana, Principal
Scientist & Head-in-charge, MBEMD for their unstinct support in organising the Short Course
School. The different faculty members we approached were very prompt in contributing their
material and we thank each one of you for sparing your valuable time and effort helping us bring
out this Manual on time. I wish to thank my Course Co-Directors Dr. Ratheesh Kumar R, and Dr
Vaisakh.G, Scientists and Dr. Shelton Padua, Senior Scientist, who have supported me
throughout in organising the Short Course School. The help and support provided by the
technical, supporting, students of the Division and administrative staff is also acknowledged. I
am sure the participants will find this Course Manual very valuable in their future research. We
hope the 10 day programme will strengthen the participants' knowledge and expertise in the area
of fish taxonomy and help in conservation and sustainable fisheries management.

18 February 2025 Rekha J Nair
Course Director
ICAR Winter School
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1. Marine Biodiversity And Environment — An Overview

Dr. K. S. Sobhana
Marine Biodiversity and Environment Management Division,
ICAR-Central Marine Fisheries Research Institute, Kochi

Marine biodiversity encompasses the rich and diverse array of life in the oceans, including
ecosystems, species, and genetic diversity. Covering about 70% of the Earth’s surface, oceans
are home to millions of species, many of which remain undiscovered. Marine ecosystems
play a fundamental role in sustaining life on Earth, offering invaluable ecological, economic,
and social benefits. These ecosystems, ranging from coral reefs and mangrove forests to the
deep ocean and polar seas, provide essential services such as carbon sequestration, coastal
protection, food sources, and climate regulation. Marine life spans an incredible range of
organisms, from microscopic viruses and plankton to massive marine mammals, each
uniquely adapted to their specific environment. The diversity of marine habitats is staggering,
with species thriving in environments as varied as the sunlit surface waters to the dark depths
of the ocean, where pressures and temperatures are extreme. Of the estimated 500,000 to 2
million marine species, only about 242,000 have been formally described. This indicates that
a vast majority of marine life remains unexplored, particularly in the remote deep-sea regions
and the polar seas. As new technologies and exploration methods continue to advance,
thousands of new species are discovered each year, further highlighting the immense,
untapped biodiversity of the world’s oceans. The ongoing discovery of these species
underscores the need for greater exploration and, most importantly, for comprehensive
conservation efforts to protect these ecosystems and their inhabitants. The extraordinary
wealth of marine biodiversity is not only crucial for the health of the oceans but is also
essential to the well-being of all life on Earth, making its preservation a top priority for global
sustainability.

Marine ecosystems offer a wealth of vital services that are essential for the well-being of both
the environment and human societies. These services include food provision, climate
regulation, primary production, nutrient cycling, and cultural benefits. The rich biodiversity
within these ecosystems is the cornerstone of their health, driving the many functions that
sustain life and economies. Biodiversity plays a central role in supporting key industries such
as fisheries, tourism, and coastal protection. Marine species provide food security for billions
of people, particularly in coastal and island communities, while also supporting livelihoods
through fisheries and aquaculture. Additionally, the oceans contribute to the production of
bioactive compounds, which are invaluable in developing medicines and pharmaceuticals.
Phytoplankton, seaweeds, and seagrasses are integral in sequestering carbon, helping mitigate
the impacts of climate change. These organisms absorb significant amounts of carbon dioxide
from the atmosphere, reducing the overall carbon footprint. Beyond their role in carbon
capture, coastal habitats such as mangroves, salt marshes, and coral reefs act as natural
buffers, protecting shorelines from erosion, storms, and sea-level rise. Marine biodiversity is
also a key driver of nutrient cycling, which sustains the health of ecosystems and ensures the
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productivity of marine food webs. By maintaining the balance of nutrients in the water,
marine species support both ecosystem stability and the productivity of fisheries.
Furthermore, marine ecosystems are vital for recreational activities, contributing to tourism
industries that generate billions of dollars globally. Activities such as diving, whale watching,
and beach tourism rely on healthy, biodiverse oceans and are an important source of income
for many regions. Genetic diversity within marine species is crucial for the adaptation of
populations to changing environmental conditions. It enhances the resilience of aquaculture
systems, ensuring the sustainable production of seafood. As the oceans continue to face
threats from human activities and climate change, preserving genetic diversity is essential for
ensuring the long-term health and productivity of marine ecosystems. The protection and
conservation of marine biodiversity are critical for safeguarding the myriad services these
ecosystems provide. From supporting food security and economic livelihoods to mitigating
climate change and protecting coastal communities, marine ecosystems are indispensable to
both the environment and human society.

Biodiversity is commonly measured by species richness but extends across multiple levels of
biological organization, from genetic diversity to entire ecosystems. Within an ecosystem,
biodiversity encompasses three key components viz., composition (the variety of species and
genetic traits), structure (the physical organization of habitats and communities), and function
(the ecological processes that sustain life). These elements form a hierarchical framework
that operates across various spatial and temporal scales. Ecoregions, which are large marine
areas characterized by distinct oceanographic, geological, and ecological features, provide a
valuable basis for conservation and management efforts. These regions help identify priority
areas for biodiversity protection and sustainable resource use. Adapted from terrestrial
biodiversity frameworks, the ecoregion-based approach integrates biodiversity science with
ecosystem-based management, ensuring that conservation strategies account for ecological
connectivity, habitat dynamics, and species interactions. By applying this comprehensive
framework, researchers and policymakers can better assess biodiversity patterns, track
environmental changes, and implement effective marine management practices that support
ecological resilience and long-term sustainability.

Compositional elements represent the identity and diversity of life within an ecosystem,
encompassing physiographic regions, habitats, species, and genetic variants. These elements
define the richness and variety of biological components that contribute to ecosystem
complexity and resilience. Structural elements focus on the spatial organization of both biotic
and abiotic components, including habitat distribution, population structures, and genetic
traits. The arrangement of species within an ecosystem, the connectivity between habitats,
and the physical features of the environment all play crucial roles in maintaining biodiversity
and ecosystem stability.

Functional elements refer to the dynamic processes and disturbances that shape biodiversity
over time. These include environmental factors such as climate variability, ocean currents,
and nutrient cycling, as well as ecological interactions like predation, competition, and
symbiosis. Additionally, demographic factors such as population growth, migration, and
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reproductive strategies, along with genetic mechanisms like mutation and gene flow,
contribute to biodiversity’s adaptability and evolution. Human activities are also integral
functional elements, as they significantly influence biodiversity at all levels. Anthropogenic
impacts, such as habitat modification, pollution, overfishing, and climate change affect the
composition, structure, and functionality of ecosystems. Understanding these interactions is
essential for developing effective conservation and management strategies that promote
ecological balance and long-term sustainability.

Role of marine ecosystems in advancing SDGs

Marine biodiversity and healthy marine ecosystems are fundamental to achieving the UN
Sustainable Development Goals (SDGs). Not only do they directly support SDG 14 (Life
Below Water), but they also contribute to several other goals. Marine biodiversity is
instrumental in alleviating poverty (SDG 1) and ensuring food security (SDG 2) through
livelihoods and sustainable fisheries. It fosters economic growth (SDG 8), contributes to
clean water access (SDG 6), and plays a vital role in enhancing human health (SDG 3).
Furthermore, it promotes sustainable consumption (SDG 12) and underscores the importance
of integrated conservation due to the interconnectedness of marine and terrestrial ecosystems
(SDG 15). Protecting marine biodiversity is not only essential for building resilience but also
for safeguarding human well-being and advancing the 2030 Agenda.

Challenges confronting marine biodiversity and environment

Global marine environments are undergoing unprecedented transformations due to stressors
such as climate change, overfishing, illegal wildlife trade, eutrophication, invasive species,
habitat destruction and pollution. The loss of marine biodiversity is driven by a complex
interplay of factors, with the global Marine Living Planet Index reflecting a notable decline in
marine populations. Responses to marine environmental degradation have been slow and
disjointed, primarily due to the perception of oceans as a global commons, highlighting the
need for coordinated international action. The challenges posed by climate change complicate
the effectiveness of current management strategies. Coastal and shelf ecosystems have
suffered significant degradation, impairing their capacity to deliver critical ecosystem
services. Understanding the interconnections between ecosystem services, habitat,
biodiversity, and resilience is vital. Ecosystem-Based Management (EBM) and Ecosystem
Approaches to Management (EAM) focus on achieving sustainable resource use and
conserving biodiversity. The decline in marine biodiversity diminishes ecosystem resilience
to stressors like climate change and pollution, disrupts essential ecosystem functions (such as
primary productivity, nutrient cycling, and food webs), and negatively impacts coastal
communities and economies through fisheries decline, tourism losses, and increased
vulnerability to extreme weather events.

Key strategies for conserving marine biodiversity

A range of conservation strategies has been developed to address the threats facing marine
biodiversity and ensure the sustainable management of marine ecosystems. Successful
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conservation depends on the collective efforts of governments, researchers, industries, and
local communities. The following approaches highlight key strategies for protecting marine
ecosystems:

e Habitat protection and restoration: Establishing Marine Protected Areas (MPAs),
restoring degraded ecosystems such as mangroves, coral reefs, and oyster beds,
promoting sustainable coastal development, and reducing land-based pollution are
critical actions. International agreements and legal frameworks support these efforts.

e Sustainable fisheries management: Science-based fishing quotas, no-fishing zones,
selective fishing methods to minimize bycatch, regulations on fish size and the
capture of endangered species, and ecosystem-based management practices are
essential to ensure the long-term health of fish populations and ecosystems.

e Pollution abatement and control: Combating plastic and chemical pollution requires
stronger regulations on waste disposal and discharges, enhanced wastewater treatment
systems, sustainable agricultural practices, bans on single-use plastics, better waste
management, and international cooperation (e.g., MARPOL Convention) to address
pollution at a global scale.

e C(Climate change mitigation and adaptation: Reducing greenhouse gas emissions is
essential. Restoring coastal ecosystems, such as mangroves and seagrasses, enhances
resilience to climate impacts. Ongoing research and monitoring help refine and inform
conservation strategies, enabling adaptive responses to changing conditions.

e Community-based conservation: Empowering local communities through initiatives
like marine conservation cooperatives, ecotourism programs, and the integration of
traditional knowledge with modern conservation techniques fosters sustainable
practices, ensuring the long-term protection of marine environments.

IUCN’s role in conservation and sustainable use of marine biodiversity

IUCN plays a crucial role in marine biodiversity conservation and the sustainable use of
marine resources. Its Red List evaluates the extinction risk of marine species, including
corals, fish, and sea turtles, providing valuable insights for guiding conservation priorities.
The IUCN advocates for the establishment of Marine Protected Areas and conducts essential
research through its Species Survival Commission. Its Global Marine and Polar Programme
tackles pressing issues such as pollution, climate change, and overfishing, while working
closely with stakeholders and governments to implement effective policies. As of 2022, more
than 1,550 marine species face extinction risks, with climate change impacting 41% of them,
underscoring the urgency for immediate action. The IUCN's efforts are critical to
safeguarding marine life and ensuring the health of marine ecosystems.

Legal instruments for biodiversity conservation

Biodiversity conservation is a global priority, reinforced by international and regional legal
frameworks. These instruments encourage sustainable practices, safeguard natural resources,
and promote collaboration among governments, organizations, and individuals.



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

International legal instruments
* Convention on Biological Diversity (CBD), 1992
«CITES {Convention on International Trade in Endangered Species of Wild Founa and Flora), 1973
« United Nations Convention on the Law of the Sea (UNCLOS), 1982
s nternational Whaling Commission (IWC)
« Convention on the Conservation of Migratory Species of Wild Animals {CAMS), 1979
*FAQ Code of Conduct for Responsible Fisheries
* Ramsar Convention on Wetlands, 1971
» United Nations Framework Convention on Climate Change (UNFCCC), 1992
« World Heritage Convention, 1972
National legal instruments
*The Environment {Protection) Act, 1986
« Wildlife (Protection) Act, 1972
» Biplogical Diversity Act, 2002
» Coastal Regulotion Zone (CRZ) Notification, 1991
s National Green Tribunal (NGT) Act, 2010
Regional legal instruments

» European Union Hobitats Directive (1992)
*Africon Convention on the Conservation of Nature and Notural Resources (2003)
*ASFAN Agreement on the Conservation of Nature and Natural Resources {1985)

Corporate and community-level instruments

* Fnvironmental Impact Assessment (ElA)

International legal instruments

Convention on Biological Diversity (CBD), 1992

The Convention on Biological Diversity (CBD) is a key treaty focused on conserving
biodiversity, promoting sustainable use, and ensuring benefit-sharing. It encourages National
Biodiversity Strategies and Action Plans, sets global goals, and includes protocols like the
Nagoya and Cartagena Protocols.

CITES (Convention on International Trade in Endangered Species of Wild Fauna and
Flora), 1973

CITES regulates international trade in endangered species to prevent overexploitation.
Species are classified into Appendices based on trade vulnerability; with strict controls on
Appendix I species.

United Nations Convention on the Law of the Sea (UNCLOS), 1982
UNCLOS establishes the legal framework for ocean use, including maritime boundaries and
resource management, regulating activities like fishing and mining.

International Whaling Commission (IWC)
The IWC conserves whale populations by regulating whaling activities. The CMS focuses on
migratory species conservation, promoting habitat protection and international collaboration.

Convention on the Conservation of Migratory Species of Wild Animals (CMS), 1979
CMS also known as the Bonn Convention, this treaty focuses on the conservation of
migratory species that cross international borders. CMS Promotes habitat conservation and
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restoration for species such as migratory birds, marine mammals, and sea turtles as well as
Encourages international collaboration to protect migration corridors.

FAO Code of Conduct for Responsible Fisheries

The FAO Code of Conduct for Responsible Fisheries provides guidelines for sustainable
fishing practices, emphasizing ecosystem-based management. The Ramsar Convention
promotes wetland conservation, designating Ramsar sites and supporting restoration.

Ramsar Convention on Wetlands, 1971

This treaty emphasizes the conservation and wise use of wetlands, recognizing their critical
ecological and economic value. The key objectives include, Designation of Wetlands of
International Importance (Ramsar sites) to prioritize protection and Support for wetland
restoration to sustain biodiversity and ecosystem services.

United Nations Framework Convention on Climate Change (UNFCCC), 1992

The UNFCCC, while focused on climate change, recognizes its impact on biodiversity and
promotes ecosystem-based adaptation and mitigation, including protecting natural carbon
sinks. The World Heritage Convention, administered by UNESCO, protects natural and
cultural heritage, including biodiversity hotspots.

World Heritage Convention, 1972

Administered by UNESCO, this convention seeks to identify and protect natural and cultural
heritage of exceptional universal value. The key objectives include conservation of
biodiversity hotspots such as the Great Barrier Reef and the Sundarbans, designated as
Natural World Heritage Sites and encouragement of international cooperation for
safeguarding these sites.

Regional legal instruments

European Union Habitats Directive (1992)
This directive aims to safeguard habitats and species in Europe through the “Natura 2000”
network of protected areas, ensuring the maintenance of biodiversity within member states.

African Convention on the Conservation of Nature and Natural Resources (2003)

Revised in 2003, this convention promotes biodiversity conservation and sustainable
development across African nations, emphasizing the integration of conservation into
national policies.

ASEAN Agreement on the Conservation of Nature and Natural Resources (1985)

The ASEAN Agreement addresses Southeast Asia's specific biodiversity issues, promoting
sustainable resource use, habitat protection, and regional cooperation. International and
regional legal instruments offer a comprehensive approach to global biodiversity
preservation. A new UN instrument is being developed for marine biodiversity conservation
in Areas Beyond National Jurisdiction (ABNJ), addressing gaps in current frameworks and
focusing on marine genetic resources, EIAs, area-based management, and capacity building.

National legal instruments
India has a robust legal framework for biodiversity conservation, including laws, policies,
and regulations protecting marine ecosystems, species, and habitats. These national



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

instruments form the foundation for biodiversity conservation and ecosystem management in
India.

Key national legal frameworks

The Environment (Protection) Act, 1986
The law provides a framework for environmental protection and biodiversity conservation,
enabling specific rules and guidelines.

Wildlife (Protection) Act, 1972
The law focuses on wildlife and habitat conservation, establishing protected areas and
prohibiting hunting and illegal trade.

Biological Diversity Act, 2002
The law implements the CBD's objectives, emphasizing biodiversity preservation, local
community involvement (BMCs), and regulating access to biological resources.

Coastal Regulation Zone (CRZ) Notification, 1991
The law protects coastal ecosystems, regulating development and promoting sustainable
resource use.

National Green Tribunal (NGT) Act, 2010
The law establishes a specialized body for environmental dispute resolution and enforcement.

Corporate and community-level instruments

Environmental Impact Assessment (EIA)
Environmental Impact Assessment is mandatory for major projects, evaluating potential

impacts on biodiversity and recommending mitigation measures. India integrates these legal
instruments to protect biodiversity and promote sustainable resource use, balancing
development with ecological preservation.

Conclusion

Marine biodiversity plays a pivotal role in ensuring planetary health, safeguarding human
well-being, and maintaining climate regulation. Oceans, which cover over 70% of the Earth’s
surface, are not only home to a variety of life but also serve as a vital buffer against climate
change, absorbing a significant amount of carbon dioxide and regulating temperature.
Healthy marine ecosystems contribute to food security, livelihoods, and economic stability,
supporting millions of people worldwide, particularly in coastal and island communities.
However, marine ecosystems are under immense pressure from human activities, including
overfishing, habitat destruction, pollution, and climate change. These threats are causing a
decline in biodiversity, which undermines the resilience of marine environments and reduces
their capacity to support human and ecological well-being. Immediate and robust action is
essential to mitigate these risks. Establishing Marine Protected Areas (MPAs) is one of the
most effective tools for conserving marine biodiversity. MPAs help preserve critical habitats,
protect endangered species, and allow ecosystems to recover and thrive. Alongside this,
implementing sustainable fisheries management is crucial to preventing overfishing, ensuring
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that fish populations remain viable for future generations, and supporting the livelihoods of
those dependent on them.
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2. Taxonomy -Its Importance And Relevance Today

Dr. Rekha J. Nair, Vishnupriya K. M., Sangeetha A. T.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Kochi

Taxonomy, in a biological sense, is the branch of science concerned with the classification of
organisms. It includes the processes of naming, organizing hierarchically, describing, and
identifying various taxa. Marine taxonomy is essential for comprehending species diversity,
supporting conservation initiatives, and assessing the potential effects of climate change and
habitat loss. Due to the intricacy and variety of marine organisms, this discipline is vital for
promoting marine exploration.

WHY TAXONOMY?

Taxonomy is the key to life, and plays a crucial role in understanding life, serving not only as
a means to differentiate species but also as a gateway to insights about biodiversity. To gain a
comprehensive understanding of all life on Earth, it is essential to support taxonomy, as it
serves as the foundation for this research. The initial step involves assigning a name to a
species, which paves the way for deeper insights into its evolution, ecology, and biology. The
names assigned to species, being the sole standardized metric of biodiversity, are vital for
effectively communicating information regarding the natural world. The species name acts as
the first of three 'keys' that unlock the vast repository of knowledge about nature.
Nevertheless, advancements in knowledge can lead to evolving perceptions of what
constitutes each species over time. Online species databases are enhancing access to this
information and expertise, offering a convenient method to stay informed about species
nomenclature and classification.

Anthropogenic impacts on marine environments are primarily assessed through shifts in
species distribution and abundance. The decline of specific populations can diminish the
genetic diversity within a species, potentially jeopardizing its survival. Additionally, a
reduction in ecosystem diversity limits the habitats available to species, further threatening
their existence. Central to these interconnected consequences is the species itself. Identifying
individual species is crucial for unlocking insights into community structure and function.
However, across various marine ecosystems, the capacity to accurately identify present
species is increasingly compromised due to a dwindling number of scientists equipped with
the expertise to understand and document biodiversity. Furthermore, in numerous
ecosystems, species diversity remains inadequately characterized, with many species and
entire taxonomic groups still undescribed.
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CLASSIFICATION

The classification system we use today was established
by Carl Linnaeus in 1700 and serves as a crucial
instrument in biological research and the conservation
of biodiversity. The Linnaean system of classification

Homuo sapiens
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most inclusive grouping. It consists of organisms that
share just a few basic similarities. Examples are the
plant and animal kingdoms. The species is the smallest
and most exclusive grouping. It consists of organisms
that are similar enough to produce fertile offspring
together. Closely related species are grouped together in
a genus.
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Without a precise classification framework and a systematic naming convention to delineate
species relationships, scientists would face significant challenges in accurately characterizing
the connections among various species. Gaining insight into these relationships is essential
for forecasting how ecosystems may be influenced by both human activities and natural
events. Taxonomy plays a vital role in the preservation of biodiversity. It allows for a more
thorough analysis of species data, enabling researchers to assess the diversity within a
community and understand how environmental pressures may impact these species.
Phylogenetic trees, which illustrate the familial relationships among species, are instrumental
in predicting the environmental effects on individual species and their relatives.

There are several stages of taxonomy such as

e Alpha taxonomy: In this stage species are identified and characterized on the basis of
gross morphological features.

e Beta taxonomy: In this stage species are arranged from lower to higher categories,
i.e., hierarchical system of classification.

e (Gamma taxonomy: In this stage intraspecific differences and evolutionary history are
studied

Steps to be used in fish taxonomy
Steps:

1. Collection from wild/harbours

2. The fish is to be first cleaned well, with all debris and slime removed. It is then to be
spread out on a thermocol with all fins expanded to get full coverage.

3. A photograph is to be taken in fresh condition to note the colour in fresh

4. All external characters is to be noted down The morpho and meristic features of the
fish is to be measured using the basic pictures

10
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HISTORY OF TAXONOMY

Taxonomy may be one of the oldest sciences, and is even referenced in the Bible and Sikh
scriptures about 2,500 and1,000 years ago respectively. The Bible says that God asked man to
name all species (Boero 2010) and the Sikh scriptures reported there were 8.4 million
‘species’ on Earth.

Ichthyology: The Study of Fishes

Ichthyology is the scientific study
! of fishes. The term originates from
the Greek word ichthy, derived
from ixthu, a form of ixthus,
- meaning  "fish."  This field
encompasses the study of bony
fish, cartilaginous fish, and jawless
fish. Historically, ichthyologists
were naturalists primarily focused
on identifying and describing fish
species they encountered.

Fish represent the most diverse group of vertebrates, comprising more than half of all
vertebrate species. To date, approximately 33,000 species of fish have been documented.
Modern ichthyology extends beyond classification, delving into fish populations, their
ecological needs, and fisheries management.

The origins of ichthyology trace back to the Upper Paleolithic period, around 40,000 years
ago. Over centuries, it has evolved into a well-established scientific discipline. While fish
would continue to thrive without scientific study, our understanding of their vast diversity
results from centuries of dedicated research conducted by experts worldwide.

In the modern era, ichthyology incorporates advanced technologies such as DNA analysis,
acoustic tracking, and ecological modeling to study fish species and their interactions with
the environment. This field continues to evolve, providing essential knowledge for
biodiversity conservation and sustainable resource management.

Early Ichthyology

The formal study of ichthyology dates back to the Greek philosopher and naturalist Aristotle
(335-322 B.C.E.), who made significant contributions to the classification of fish. He was the
first to develop a taxonomic system, accurately describing 117 Mediterranean fish species.
Aristotle also distinguished fish from marine mammals by noting their anatomical and
behavioral differences. However, his classification system contained inaccuracies due to the
limited scientific knowledge of the time.
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By the first century B.C.E., the Romans had advanced their understanding of fish through
aquaculture. The Roman scholar Pliny the Elder documented their practice of breeding fish,
particularly trout and mullet, in artificial ponds. The Romans developed sophisticated
aquaculture techniques, constructing fish farms near coastal areas and using controlled
breeding methods. These innovations provided a reliable food source and influenced early
fisheries management, laying the foundation for modern aquaculture.

The Development of Modern Ichthyology

From the 16th century onward, several scholars made significant contributions to
ichthyology. Pierre Belon, Guillaume Rondelet, and Hippolyte Salviani extensively studied
and documented Mediterranean and European fish species.

Pierre Belon traveled across the eastern Mediterranean between 1547 and 1550, gathering
valuable scientific knowledge. His most influential work, De Aquatilibus Libri Duo,
documented approximately 110 fish species. Although his illustrations were somewhat crude,
they were generally identifiable. Belon's comparative approach to fish and other vertebrates
marked an early step toward comparative anatomy in ichthyology.

Guillaume Rondelet (1507-1557) provided a more comprehensive contribution in De
Piscibus Marinum, where he described 197 marine species and 47 freshwater species. His
descriptions were more detailed, and his illustrations were significantly more accurate than
those of Belon. Rondelet’s work advanced ichthyological studies by providing a more precise
and systematic approach to fish classification.

Hippolyte Salviani (1514-1572), a Roman ichthyologist, focused on the fishes of Italy. He
produced detailed illustrations of 92 species on 76 plates. Unlike Belon and Rondelet,
Salviani did not attempt a natural classification system, but his artistic accuracy provided
valuable resources for later ichthyologists.

Meanwhile, W. Piso and G. Margrav studied the fauna of Brazil, publishing their findings in
Historia Naturalis Braziliae (1648). The fourth book of this work was dedicated to fishes,
describing around 100 species with accompanying colored illustrations. This was one of the
earliest ichthyological works covering South American fish species, contributing to the global
expansion of fish studies.

During the 17th century, scholars conducted anatomical research on fishes. Giovanni Alfonso
Borelli (1608—-1679) wrote De Motu Animalium (1680), explaining the mechanics of fish
swimming and the function of the air bladder. Marcello Malpighi (1628-1694) examined the
optic nerve of the swordfish, while Jan Swammerdam (1637-1680) described fish intestines.
Joseph Duverney (1648-1730) furthered the study of fish respiratory organs. These
anatomical discoveries laid the groundwork for modern functional morphology in
ichthyology.
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A new era in ichthyology began with John Ray, Francis Willughby, and Peter Artedi, who
introduced the principles of natural classification.

John Ray (1627-1705) and Francis Willughby (1635-1672) published De Historia Piscium
(1686), introducing a more rational classification system. They categorized fishes based on
skeletal structure, body shape, fin characteristics, and the number of dorsal fins, describing
and classifying approximately 420 species. Their work laid the foundation for systematic
ichthyology.

Peter Artedi (1705-1735), a contemporary of Carl Linnaeus, is regarded as the "Father of
Ichthyology." Unlike his predecessors, he dedicated his research exclusively to fishes. He
compiled all available ichthyological literature from Aristotle’s time to his own era,
developing standard methods for measuring anatomical features, which are still used today.
Artedi classified fishes into five orders: Malacopterygii, Acanthopterygii, Branchiostegi,
Chondropterygii, and Plagiuri. Tragically, he drowned at the age of 30 in 1735, but his
manuscripts were later published posthumously by Linnaeus as Ichthyologia (1738). This
work profoundly influenced Linnaeus and shaped modern ichthyology.

Carolus Linnaeus (1707-1778)

Carolus Linnaeus, often regarded as the "Father
of Modern Taxonomy," significantly advanced
the classification of fishes. Born in Sweden in
1707, Linnaeus initially pursued botany before
formulating his ideas on taxonomy at Uppsala
University. In 1735, while in the Netherlands,
he published Systema Naturae, introducing the
binomial nomenclature system.
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zoological nomenclature. His system streamlined classification, replacing cumbersome Latin
descriptions with the concise genus-species format still in use today. This methodology
became the foundation of systematic biological studies and guided the classification of newly
discovered organisms, including fish.

Several of Linnaeus’ students made notable contributions to ichthyology, particularly in the
Indo-Pacific region. Carl Peter Thunberg (1743—-1828) conducted expeditions to South
Africa, Japan, Java, and Ceylon, describing numerous species. Pehr Osbeck (1723-1805)
documented fish from China and Japan, while Peter Forsskél (1732—-1763) studied the
ichthyofauna of the Red Sea, describing nearly 200 new species.

In addition to his scientific work, Linnaeus played a crucial role in shaping medical and
botanical education. He became a professor at Uppsala University and, in 1755, was knighted
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under the Swedish name Carl von Linné. His botanical garden in Uppsala remains a
testament to his legacy and can still be visited today

Marcus Elieser Bloch (1723-1799) was a distinguished German physician and ichthyologist
known for his significant contributions to fish classification. His most influential work,
Naturgeschichte der Ausldindischen Fische, was published in five volumes between 1782 and
1795, documenting numerous fish species, including many newly identified ones. His
meticulous observations and systematic methodology helped lay the foundation for modern
ichthyology. Bloch pursued medical studies and later became a professor, seamlessly
integrating his medical practice with his deep passion for natural history.

Peter Forsskal (1732-1763), a Finnish naturalist and explorer, was born in a region then
under Swedish rule. He studied at Uppsala University, where he was greatly influenced by the
prominent botanist Carl von Linné (Linnaeus). Later, at Gottingen University, he developed a
keen interest in the ancient Near East. Forsskal played a key role in a scientific expedition to
Arabia Felix (modern Yemen), commissioned by King Frederick V of Denmark in 1761. As
the team’s botanist and zoologist, he documented and collected numerous previously
unknown plant and animal species. Unfortunately, his journey was cut short when he
succumbed to malaria in 1763 at just 31 years old. Beyond his scientific achievements,
Forsskél is remembered for his political and philosophical contributions, including Thoughts
on Civil Liberty (1759), which advocated for individual rights and freedom of the press. His
work, initially censored, later influenced Sweden’s movement toward press freedom. His
legacy endures through species named in his honor and the posthumous publication of his
scientific findings by fellow expedition member Carsten Niebuhr.

Bernard Germain de Lacépéde (1756-1825) was a French naturalist and zoologist
renowned for his contributions to ichthyology. Born in Agen, France, he initially studied law
but later shifted to the natural sciences. His major work, Histoire Naturelle des Poissons
(1798-1803), described over 2,000 fish species and introduced a new classification system
based on anatomy and physiology. Lacépede also studied reptiles, amphibians, and mammals
and was a member of the French Academy of Sciences and the Royal Society of London. A
talented writer, he contributed to natural history literature and held positions in the French
government.

Georges Cuvier (1769—-1832), baptized Georges Jean-Léopold Nicolas-Frédéric Cuvier, was
born on August 23, 1769, in Montbéliard, then part of the Duchy of Wiirttemberg. Educated
at the Karlsschule Academy in Stuttgart, he originally trained for civil service but shifted to
the sciences, studying economics, law, chemistry, mineralogy, botany, and zoology. After
graduation, he became a tutor in Normandy, where he developed his passion for natural
history.

In 1816, Cuvier published Le Regne Animal (The Animal Kingdom), classifying animals,
including fish, based on structural relationships. His magnum opus, Histoire Naturelle des
Poissons (Natural History of Fishes), was published in multiple volumes from 1828 to 1849.
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Though Cuvier passed away in 1832, his assistant Achille Valenciennes (1794-1865)
continued his work. This study became the foundation for ichthyologists, providing an
essential framework for classifying new fish species.

Cuvier, a professor of anatomy at the National Museum of Natural History in Paris, is
regarded as one of the founders of modern comparative anatomy. His studies of vertebrate
paleontology and geology significantly influenced the understanding of extinct and living
organisms. He developed a classification system based on well-articulated principles,
emphasizing function over form in taxonomy.

In 1830, Cuvier debated Etienne Geoffroy Saint-Hilaire over the role of form versus function
in anatomy. He firmly opposed the idea of evolution, a stance that influenced the reception of
Darwin’s theory among French scientists. His classification divided the animal kingdom into
four major branches: Vertebrata, Articulata (arthropods and segmented worms), Mollusca,
and Radiata (cnidarians and echinoderms). This system replaced the earlier two-group model
of vertebrates and invertebrates, establishing a more refined structure for studying animal
relationships.

As a paleontologist, Cuvier provided the first scientific evidence of extinction, comparing
fossilized and living elephants. His discoveries on extinct species, such as the Irish elk and
American mastodon, led him to develop the catastrophist theory of Earth's history, arguing
that sudden cataclysms shaped the planet. This theory was later challenged by Charles Lyell's
uniformitarianism, which influenced Darwin’s evolutionary theory.

Beyond science, Cuvier held key administrative positions in France, serving as
Inspector-General of the Imperial University, Vice Rector of the Faculty of Sciences, and
State Councillor. He maintained influence through various French regimes and received
recognition from institutions like the Royal Society of London and the Royal Swedish
Academy of Sciences. In 1812, he was knighted and later became a Baron of France.

Cuvier's legacy in taxonomy, comparative anatomy, and paleontology remains enduring, with
Histoire Naturelle des Poissons serving as a cornerstone for ichthyologists. He passed away
on May 13, 1832, but his influence on natural history and classification continues to shape
modern biology.

Other notable ichthyologists and naturalists of the modern era include Achille Valenciennes,
who collaborated with Cuvier on Histoire Naturelle des Poissons, and Pierre Antoine
Delalande, who collected extensive fish specimens from Brazil, Cape Verde, and the Cape of
Good Hope. Eduard Riippell explored the Red Sea, publishing Fische des Rothen Meeres
(1828), while Heinrich Kuhl and Jan Coenraad van Hasselt documented Javanese fish
species.

Philipp von Siebold contributed to Japanese ichthyology, with Conraad Jacob Temminck and
Hermann Schlegel studying his collections to produce Fauna Japonica (1842—1850). John
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Richardson extensively documented Arctic fish, and Patrick Russell and Francis Buchanan
made valuable contributions to Indian ichthyology.

Theodore Cantor, Johannes Peter Miiller, and Friedrich Gustav Jacob Henle advanced fish
taxonomy, particularly with Systematische Beschreibung der Plagiostomen (1838—1841).
Peter Bleeker described over 500 species in the Indo-Pacific, publishing the monumental
Atlas Ichthyologique des Indes Orientales Néerlandaises (1862—1877). Albert C.L.G.
Giinther cataloged over 6,800 fish species in the British Museum, while Carl Benjamin
Klunzinger and Franz Steindachner focused on Red Sea and deep-sea ichthyology,
respectively.

.......

......

These scientists collectively shaped modern ichthyology, providing extensive documentation
and classification systems that remain influential in contemporary biological research.Some
fish illustrations of The Class Pices (1834) by Cuvier

Indian Ichthyology

The foundation of fisheries research in India was laid by early taxonomists, including
renowned figures such as Georges Cuvier, Achille Valenciennes, Bernard Germain de
Lacépede, Marcus Elieser Bloch, Johann Gottlob Schneider, Peter Bleeker, and Albert C.L.G.
Glinther. Alongside these pioneers, naturalists with diverse backgrounds also contributed
significantly to the study of Indian aquatic life. Their extensive collections, descriptions of
fish species, and ecological observations have been instrumental in shaping ichthyology in
India.
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Among these early contributors, notable figures include Patrick Russell, Francis
Hamilton-Buchanan, Edward Blyth, Ferdinand Stoliczka, William Henry Sykes, John
McClelland, and Thomas C. Jerdon. However, the most outstanding work in Indian
ichthyology was that of Dr. Sir Francis Day.

Francis Day (1829-1889)

Francis Day, a veterinary surgeon and naturalist, traveled extensively
across India during the mid-nineteenth century. Between 1859 and 1862, A N Y
he collected and preserved fish specimens from Cochin and later published
The Fishes of Malabar in 1865. His most significant contribution, The [gyri=8gtd:1=
Fishes of India: Being a Natural History of the Fishes Known to Inhabit mnlﬂ. -
the Seas and Fresh Waters of India, Burma, and Ceylon, was published in " -2

two volumes (1875-1878). This was followed by his work FISHES in the
Fauna of British India series in two volumes (1889), describing 1,418
species. These works remain indispensable references for Indian fish
taxonomy to this day.

Wakunds 1

20th-Century Contributions

Modern Indian ichthyology has been enriched by several distinguished researchers. In 1975,
Dr. V.G. Jhingaran authored a comprehensive volume on Fish and Fisheries of India. Other
major contributions include Commercial Sea Fishes of India by Talwar and Kacker (1984)
and Fishes of the Laccadive Archipelago by Jones and Kumaran (1980). Several taxonomists
made significant contributions to fisheries research in India during the 20th century, including
Sunder Lal Hora, A.G.K. Menon, K.C. Jayaram, and Eric Godwin Silas.

Sunder Lal Hora (1896-1955)

Born in Punjab, Sunder Lal Hora was a pioneering Indian ichthyologist and the second Indian
director of the Zoological Survey of India, succeeding Baini Prashad. He is best known for
his biogeographical theory on the affinities of Western Ghats and Indo-Malayan fish species.
Additionally, he played a vital role in advocating fish and wildlife conservation in India. His
work resulted in over 425 publications, and his contributions are honored through genera
named after him, such as Horaichthys and Horabagrus.

A.G.K. Menon (1921-2002)

Ambat Gopalan Kutty Menon, a student of S.L. Hora, was a prominent ichthyologist and
university professor. He intensively studied the Satpura Hypothesis and worked on numerous
higher taxa of fish. Over his 50-year research career, Menon published more than 100
scientific papers, including monographs and the first descriptions of 43 new fish species.

K.C. Jayaram

K.C. Jayaram, a former Deputy Director of the Zoological Survey of India, was an expert in
freshwater fish taxonomy and zoogeography. Trained by S.L. Hora, he specialized in Siluroid
fishes and became an authority on Indian catfishes. He was also invited as a consultant by the
Food and Agriculture Organization (FAO) for preparing identification sheets for Siluroid
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families Ariidae and Plotosidae of the Western Indian Ocean. His landmark work, The
Handbook of Freshwater Fishes of India, Pakistan, Bangladesh, Burma, and Sri Lanka
(1981), remains a vital reference for ichthyologists.

Eric Godwin Silas

Born in Demodhera, Ceylon (Sri Lanka), Eric Godwin Silas made significant contributions to
Indian marine fisheries research. In 1963, he was appointed as a Marine Biologist at the
Central Marine Fisheries Research Station, Mandapam Camp, where he initiated studies on
tunas from Indian seas. As the Head of the Marine Biology and Oceanography Division, he
launched mariculture projects and later became the Director of the Central Marine Fisheries
Research Institute (CMFRI) in 1975.

Under his leadership, CMFRI developed into a world-class research, training, and extension
center. He played a key role in establishing two major national research centers: the National
Bureau of Fish Genetic Resources (NBFGR, ICAR) in Lucknow and the Centre for Marine
Living Resources and Ecology (CMLRE). A prolific researcher, Silas authored nearly 300
scientific papers and monographs over a career spanning six decades. He was also actively
involved with the Marine Biological Association of India, serving as its President and Journal
Editor.

The field of ichthyology in India has been shaped by the dedication and expertise of
numerous researchers over the centuries. From early taxonomists and naturalists to
20th-century pioneers, their collective efforts have significantly enhanced our understanding
of India's rich fish biodiversity. Their works continue to serve as invaluable resources for
taxonomists, conservationists, and fisheries scientists.
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3. Sample Sorting and Fish Measurements: Essential Tools for Fisheries
Science

Dr. Vaisakh G.

Marine Biodiversity and Environment Management Division
ICAR-Central Marine Fisheries Research Institute, Calicut Regional Station

Introduction

Fisheries science relies heavily on accurate data about fish populations. Understanding fish
size, abundance, and species composition is crucial for sustainable fisheries management,
conservation efforts, and ecological research. This chapter details the essential techniques for
fish measurement and sample sorting, emphasizing the importance of standardized protocols
for reliable and comparable data. These methods underpin stock assessments, growth studies,
food web analysis, environmental impact assessments, and numerous other fisheries
applications. Accurate data is the foundation of sound scientific advice and effective
management decisions.

It's rarely feasible to measure every single fish in a population. Instead, we collect
representative samples to draw inferences about the larger population. The sampling frame
defines the group from which the sample is taken, and each individual fish represents a
sampling unit. A well-designed sampling strategy ensures the sample accurately reflects the
characteristics of the entire population, minimizing bias. Several sampling strategies exist,
including random, stratified, and systematic sampling. The appropriate method depends on
the specific study objectives and the characteristics of the fish population. For instance,
stratified sampling, where the population is divided into subgroups (e.g., by size or location)
before sampling, can be more effective when dealing with diverse populations. Careful
consideration of the sampling design is crucial to avoid skewed results and misleading
conclusions.

Fish Measurement Techniques

Types of Measurements: Accurate and consistent measurement is fundamental. Several key
measurements are commonly used:

e Length: Fish length is a crucial metric for age and growth studies. Different length
measurements exist, each with specific applications. Some basic measurements are total
Length (TL), Fork Length (FL), Standard Length (SL), Body Length: Measured
from the snout to a specific body landmark (Figure 1). The details some commonly used
measurements are given in table 1. Fish length measurement protocols are not universally
applicable; they vary considerably depending on the species. The most common method
involves measuring the total length, defined as the straight-line distance from the snout tip
to the furthest point on the caudal fin (tail). This furthest point can be either the upper or
lower lobe of the fin, depending on the species' morphology. However, some fish possess
specialized caudal fin structures that necessitate alternative measurement strategies. A
prime example is the threadfin bream, which has an extended, delicate filament on its
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upper caudal fin lobe, making it easily breakable and unreliable for measurement.
Therefore, in this species, total length is measured to the tip of the lower caudal fin lobe,
providing a more consistent and accurate metric. This highlights the importance of
considering species-specific fin morphology when determining appropriate length
measurement techniques in ichthyology.

o Weight: Fish weight is essential for biomass estimations and condition factor
calculations. Measurements are usually taken using calibrated scales. For some studies,
wet weight (immediately after capture) is preferred, while others may require dry weight
(after removing moisture).

e Other Measurements: Depending on the research question or the fish species under
study, other measurements might be necessary. These include:

e Girth: Circumference of the fish's body at a specific point.
e Fin Ray Counts: Number of rays in specific fins.

Table 1. Measurements in Traditional Morphometrics.

Morphometric traits Acronyms | Description

Total length TL Distance from tip of the snout to the tip of the of caudal fin

Standard length SL Snout tip to the posterior edge of the last vertebra or caudal fin
base.

Fork length FL Distance from the tip of the snout to the end of the middle caudal
fin rays

Head length HL Distance from the tip of the snout to the posterior margin of the
operculum

Head width HWD Distance between the posterior edges of right opercle and left
opercle

Eye diameter ED Diameter of the eye along the body axis

Pre-orbital length PROBL Distance from the tip of the snout to the anterior margin of the
eye

Post-orbital length POOBL Distance between the posterior margin of the eye and the
posterior margin of the operculum

Mid body length MBL Distance between the posterior margin of the operculum to the
base of the caudal fin rays

Pre-dorsal fin length PDL Distance from the tip of the snout to the origin of the dorsal fin

Dorsal fin base length DBL Distance between the origin and end of the dorsal fin

Pre-anal fin length PAL Distance from the tip of the snout to origin of the Anal fin

Pre-pectoral fin length PPECL Distance from the tip of the snout to origin of the pectoral fin

Pre-pelvic fin length PPELL Distance from the tip of the snout to origin of pelvic fin

Inter anal pelvic length IAPL Distance between the pelvic fin insertion and the anal origin

Body depth BD Vertical distance measured at origin of dorsal fin

Caudal peduncle depth CPD Maximum vertical distance across the entire length of the caudal
peduncle

Snout to posterior edge of SNPOL Distance from snout to posterior edge of orbit

orbit length
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1 )

Figure 1: Image (adopted from FAO) illustrating the selected morphometric traits in
hilsa

1-TL; 2- SL; 3-FL; 4-HL; 5- ED; 6-PROBL; 7-POOBL; 8-PDL; 9- PPECL;
10-PPELL; 11-PAL; 12-BD; 13- CPD; 14- HWD; 15- SNPOL; 16- DBL; 17- IAPL;
18- MBL

Measurement Tools and Best Practices: Various tools are employed for fish measurements:

o Measuring Boards: Used for accurate length measurements. Should have a smooth
surface and clear markings.

e Calipers: Useful for measuring smaller fish or specific body parts. (Fig 2)

e Scales: Calibrated electronic or mechanical scales for weight measurements (Fig 3)
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Fig 2: Digital Vernier Calipers Fig 3: Scale for taking measurements
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Best Practices:

Handle fish carefully to minimize stress, especially for live specimens.
Ensure measuring boards and scales are clean and calibrated regularly.

Record data immediately on pre-prepared data sheets (paper or digital), including date,
time, location, and observer.

Use consistent units (e.g., mm, cm, kg, g).

For length measurements, ensure the fish is straight and the measurement is taken along
the body axis.

For weight measurements, ensure the fish is free of excess water or debris.

Remarks Section — Notes for abnormalities, preservation method, or further study.

Sample Sorting and Preservation

Sample Sorting: After collection, fish samples often need to be sorted based on various
criteria:

Species: Accurate species identification is critical. Use taxonomic keys, field guides, or
consult experts.

Size Class: Sorting by size (length or weight) is common for growth and population
structure studies.

Sex: Determining sex may require internal examination or external characteristics (often
size-related).

Maturity Stage: Assessing the reproductive maturity of fish is essential for stock
assessments and fish biology studies

Sample Preservation: Preservation is necessary when samples cannot be processed
immediately. Common methods include:

Freezing: Suitable for many analyses, but can alter tissue structure for some studies.
Proper anatomical alignment of fish specimens before freezing is essential for preserving
their morphology. Distorted positioning during freezing can lead to irreversible shape
alterations, hindering accurate identification and morphological studies.

Formalin: A common fixative for preserving tissue structure, but requires careful
handling due to toxicity. Buffered formalin is preferred as it reduces the tissue shrinkage
and decalcification.

Alcohol: Used for preserving DNA and other biomolecules.

Preservation Procedures:

Record detailed information about the sample before preservation (date, time, location,
etc.).
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e For formalin fixation, use the correct concentration (typically 10%) and ensure proper
penetration of the tissues. Change the formalin after a few days.

e For alcohol preservation, use a high concentration (e.g., 40% or 70% ethanol).

e Label or tag all samples clearly with waterproof labels, including species, date, location,
and other relevant information.

e Maintain a detailed record of all preserved samples. Proper labeling is crucial for
specimen preservation and future reference. Labels must be clear, legible, and
unambiguous to avoid any confusion. Essential label information includes the date and
precise location of collection, relevant ecological details about the habitat, the method
used for capture, and the name of the collector.

Data Analysis and Quality Control

Data Analysis: Collected data are analyzed using various statistical methods. Basic
descriptive statistics, such as mean, standard deviation, and range, provide an overview of the
data. Length-frequency distributions are used to study age and growth patterns. More
advanced statistical analyses are employed for complex ecological and population modeling.
Software packages like R, SPSS, or specialized fisheries software are commonly used.

Quality Control and Assurance: Maintaining data quality is paramount. Implement the
following measures:

e C(Calibration: Regularly calibrate measuring equipment.
e Replicates: Take replicate measurements to assess precision.

e Blinded Measurements: Have different observers measure the same fish without
knowing each other's results to minimize bias.

e Data Validation: Check data for errors (e.g., outliers, inconsistencies).

e Documentation: Maintain detailed records of all procedures and data.

Conclusion

Accurate fish measurements and proper sample sorting are fundamental to fisheries science.
Adhering to standardized protocols and implementing quality control measures ensures the
reliability and comparability of data, leading to informed decisions in fisheries management
and conservation. The techniques described in this chapter provide a solid foundation for
anyone involved in the study of fish populations.
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4. Nomenclature: ICZN Rules & Museum Collections
Dr. Rahul G Kumar

Taxonomy can be described as an information system comprising of identification,
description, nomenclature, and classification. It is the most basic activity in biology, dealing
exclusively with the discovery, ordering and communication of patterns within, and
relationships between, taxa. In combination with systematics, taxonomy paints a vivid picture
of the existing biological diversity on the planet; helps reconstruct the tree of life, reveals
evolutionary relationships, and provides names for all known organisms. Together, all of
these buttress the various branches of biology.

Taxonomy is generally organised into three levels;

(1) Alpha (o) taxonomy is concerned with the identification, characterisation and
naming of species.

(i1))  Beta (B) taxonomy refers to the arrangement of the species into a natural system
of hierarchical categories.

(ii1)) Gamma (YY) taxonomy is the analysis of intraspecific variation and evolutionary
studies.

In practice, most taxonomic studies deal with alpha and beta taxonomy.

Nomenclature is concerned with the formation and application of names to fishes. While
nomenclature is very closely linked with taxonomy, the two are distinct and should never be
confused. Taxonomy is subjective; what constitutes a species and its relationship with others
are hypotheses based on observation and are open to discussion and modification.
Nomenclature is objective, only deals with the name(s) applied to a given organism and is
governed by a set of rules called the International Code for Zoological Nomenclature
(ICZN), available online at https://www.iczn.org/the-code/the-code-online/. The ICZN is only
concerned with family, genus and species level names; higher ranks are beyond its purview.

The system of nomenclature followed today is binomial, that is, each species is given a name
consisting of two parts. The first part, denoting the genus, has the first letter capitalised, while
the second part, denoting the species, is always written in lowercase. The species name is
unique to a taxon, while the generic name indicates phylogenetic affinities. Thus, e.g.,
Dawtkinsia assimilis tells us a distinct species named "assimilis" is present in the genus
"Dawkinsia" and all species within this genus are more closely related to each other than they
are to other genera. The scientific name is often followed by a name (or names) and a year.
This tells us the name(s) of the person(s) who first described the species as well as the date of
publication, serving as a bibliographic reference. Thus, Dawkinsia assimilis (Jerdon 1849)
tells us the species description was published by Jerdon in the year 1849. The brackets around
the name and year tell us the author first placed the species in a genus different from the one
it is currently placed in. In this case, Jerdon described the species as Systomus assimilis.
These changes in nomenclature do not necessarily mean the first author was wrong, but rather
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reflect changes in our understanding of phylogenetic relationships or the correct application
of nomenclatural codes.

The ICZN has several guiding principles.
Priority

This simply means the first name applied to a taxon is the name that should be used, i.e., the
oldest valid name of a taxon takes precedence over all other names. In some cases, in the
interests of preventing confusion, the ICZN can set aside an older valid name in favour of a
newer, commonly accepted name. The older name is considered a nomen oblitum, and the
newer one a nomen protectum.

Types

Primary types (or name bearing types, often shortened to "type") represent the nomenclatural
standard for a name. Thus, a specimen that matches up to a type will be eligible to the name
associated with the type. Only a holotype, lectotype, neotype or a series of syntypes are
considered primary types.

A holotype is a specimen explicitly designated as the name bearing type in the original
description. If the description was based on a single specimen, that automatically becomes
the holotype. All other specimens designated as type specimens in the original description,
other than the holotype, are considered paratypes. The locality from where the holotype was
collected is designated the type locality. If, as is often the case with descriptions in the 18"
and 19" centuries, a species was described from a group of specimens without designating a
holotype, the entire series of specimens are collectively referred to as syntypes. The
holotype, together with all paratypes, or a group of syntypes are collectively referred to as a
type series. If it is considered necessary to designate a name bearing type from a group of
syntypes, e.g. if the syntypes include more than one species, it is called a lectotype. All other
syntypes corresponding to the lectotype are then referred to as paralectotypes. If the known
primary types of a species are lost or damaged beyond usefulness, a neotype may be
designated for nomenclatural stability. A neotype ideally ought to be selected from paratypes
or paralectotypes. If neither are present, a specimen collected from the type locality and/or
one closely matching the original description may be used. The type locality of the neotype
now becomes the type locality for the species.

All primary types must be deposited in a repository, properly labeled and catalogued, where
they will be preserved for posterity and made available to future researchers. However, many
species described in the past no longer have, or never had, a designated name bearing type.
This does not affect the availability or validity of the species name.

In addition to the above, some additional types, not recognised by the ICZN, are sometimes
seen in the literature. These include, among others, allotype; a paratype of a different sex
from the holotype, and topotype; a specimen collected from the same locality as the holotype
but not a part of the type series.
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Just as species names are associated with type specimens, genus names are associated with a
type species and family names are associated with a type genus. Here, however, there are no
type specimens, only names. Prior to the establishment of formal nomenclatural rules, many
family group names were created without a designated type species. To ensure compliance
with the ICZN, there are multiple ways in which a type may be designated in genus group
names; when a genus or family was described with an explicitly designated type, this is a
type by original designation; when a type was not designated along with the original
description, but is done so at a later day, this represents a type by subsequent designation;
when no type was designated in the original description, but only one species is listed under
it, this represents a type by monotypy and when a new genus shares its name with a species
under it, it represents a type by tautonomy.

Synonymy

A taxon must have only one valid name. Thus, the principle of synonymy is applied when
more than one name is applied to the same taxon. A senior synonym is the oldest valid name
for a species as determined by the rule of priority, the first revisor or by the nomenclatural
authority. Junior synonyms are those names deemed invalid for the reasons given above. A
junior synonym may be made valid if a new taxon is identified with the same primary type(s)
as the junior synonym. Objective synonyms are nomenclatural, i.e., those judged to be the
same taxon based on a review of the literature, these may include two species names based on
the same specimen, two genus group names with the same type species or two family group
names with the same type genus. Subjective synonyms are the most common type and refer
to different names applied to the same taxon as determined by an examination of specimens.

Homonymy

One name cannot be shared by two different taxa. A senior homonym is the oldest available
name on the basis of priority. A junior homonym is a preoccupied name on the basis of
priority or as determined by a nomenclatural authority. A primary homonym refers to two
identical species names in the same genus group. The junior primary homonym in this case
must be replaced with the next available synonym or a new name. A secondary homonym is
caused by a species being placed in the same genus subsequent to publication. The junior
primary homonym must be replaced.

Formation of Names

A scientific name must be rendered in the Latin (English) alphabet, and must follow the rules
of Latin grammar. Names may be derived from any language or may even be made up words,
so long as it can be used as a word. Generic names are always treated as Latin nouns, and
therefore have a grammatical gender (which may differ from actual gender) indicated by their
ending letter(s).
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Suffix Grammatical Gender
-a Feminine

-us Masculine

-1 Masculine or Feminine
-um Neutral

-e Neutral or Feminine

If the species name is an adjective or treated as an adjective in the original description, then,
according to the rules of Latin grammar, the gender of the species name must agree with the
generic name. The gender need not agree if the species name is a noun, or is explicitly stated
to be used as a noun in the original description. If it is unclear if a species name is a noun or
adjective, it is to be treated as a noun in apposition and thus independent of gender. Non Latin
words are treated as nouns in apposition and are independent of gender.

Species names formed from personal names are generally nouns in the genitive (possessive)
case and are independent (indeclinable) of the gender of the genus. The ICZN does not
recommend the use of personal names in apposition (nominative), as such names do not have
a suffix and may appear to the reader as a statement of authorship of the genus name.
Personal names used as adjectives must agree in gender with the genus name, however, the
use of personal names as adjectives is deprecated, because of the potential for the suffixes
used to cause offense.

Names ending | are named after

in

-1, 11 A man. E.g. dayi, jerdoni, denisoni, denisonii

-ae A woman. E.g. trevawasae, remadeviae

-arum Two or more women. E.g. mariarum

-orum Two or more men/men & women together. E.g. suttonorum, baluchiorum

nan

The use of a single "i" versus "ii" in masculine names is due to there being two possible ways
to Latinise a non-Latin name, treating it as a nomen (a name/clan name) by suffixing "us" or
as a cognomen (nickname) by suffixing "ius". The specific name would then be formed by
replacing the "us" with an "i". E.g. the name Dennison can be Latinised as Denisonus or
Denisonius. If you choose the first option, you get a species named denisoni, and if you
choose the second, you get denisonii. The ICZN recommends the use of the first option, and
the "ii" suffix is not used today, the primary exception being if a species is named after a man
whose name ends in "i", the species name will end in two 1i's. E.g. Pseudanthias pillaii,
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named after N. G. K. Pillai. Another exception is in the case of men whose name ends in "a",
. E.g. A species named after a man

Hi"

where the proper suffix to be used is "e" rather than
named Chopra will be choprae.

Species names based on geographical names also follow the same rules as ones based on
personal names, however, here the use of adjectives is allowed. Thus, geographic names may
be formed as genitive nouns (ending in "i" or "ae", based on gender), as nouns in apposition
(unchanged ending), as adjectives with the modern spelling of the name (ending in "ensis" for
masculine or feminine names and "ense" for neutral) or as adjectives with a Latin spelling of

nyn

the name (ending in "us" for masculine, "a" for feminine and "um" for neutral).

Species names based on Latin or Latinised nouns are independent of the gender of the genus.
Species names formed from Latin or Latinised adjectives have suffixes that indicate their

gender. Exceptions are words ending in "oides", "color", "ans" or "ens", which have the same
suffix, irrespective of gender.

Masculine | Feminine Neutral
-us -a -um

-1 -18 -e

-ger -gra -grum
-ger -gera -gerum
-fer -fera -ferum

Species names made of compound words are treated as nouns if the parts are made of
Latin/Latinised nouns or if the word ends in a Latin/Latinised noun or a non Latin word. A
compound name ending in an adjective is treated as an adjective if it qualifies the genus name
and as a noun in apposition if it qualifies the first part of the compound name.

While the above may sound complicated, a knowledge of Latin is not really necessary in
forming names. A good English-Latin dictionary is often all that is needed. What is important
when naming a species is to choose a name that actually describes the taxon, rather than
name it after a person or location. A well thought out name can be as useful as a picture in
identifying a species.

Nomenclature is the language of zoology and the rules of nomenclature are its grammar.
Since it is imperative to use properly assigned names for communication, it is, thus, essential
that all zoologists familiarise themselves with the general principles of zoological
nomenclature.
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TYPES OF TYPES

In zoological nomenclature, a type is a specimen (or a group of specimens) which serves to
illustrate the defining characters of a species or genus. The purpose of designating a type is to
provide an objective reference which can be used by later scholars to verify the identity of the
species being described. As our understanding of the relationships between species evolves, it
is not unusual for a given species to be shuffled amongst different genera. The presence of
type material allows us to recognise the organism that is being referred to, even if the name is
different.

In order to be valid as a type, a the specimen must meet certain guidelines set forth in the
International Code for Zoological Nomenclature, a compendium of the rules of nomenclature,
laid down by the International Commission for Zoological Nomenclature (ICZN). The rules
for designating a type differ, depending on when the description was published. For species
described after 1999, a holotype must be explicitly designated for the description to be
considered valid.

Not all described species have types attached. The practice of explicitly designating types
most likely began with the entomologist Pierre Andre Latreille in the early 1800's. Not all
early authors designated or preserved type material, often complicating later identification of
specimens. When a type was not designated in the original description, it often becomes
imperative to designate a type from amongst available material in order to fix the
nomenclature and clarify the identity of the species.

The primary purpose of designating a type is to enable scientists in the future to definitely
identify a described species. When attempting to describe a new species, rather than
depending solely on the published description, it is important to physically examine
previously described species to definitively conclude that a specimen we have on hand is in
fact new to science. Thus, it is critically important for type species to be placed in a well
maintained, universally accessible repository.

The different types of types commonly encountered in taxonomy are briefly discussed below.
Holotype

A single specimen that has been explicitly designated in the original description as the
specimen on which the description is based. If a holotype is not explicitly desginated, but it is
clear that only one specimen was used in describing the species, then that becomes the
holotype. The holotype is, in many ways, the “gold standard” by which the species can be
recognised. When describing a new species, it is important to designate as holotype a
specimen that is as complete as possible and clearly illustrates diagnostic characters by which
the species may be distinguished. E.g. If a species of prawn is described with features of the
left cheliped being used to distinguish it from closely related species, designating a specimen
missing that appendage as the holotype defeats the purpose.

A holotype is usually a preserved specimen or fossil, but in rare cases, it may consist of an
illustration (e.g. the Reunion Island parakeet, known only from pictures), a live specimen
(e.g. the Arunachal macaque, Macaca munzala) or a tissue sample.
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Allotype

A specimen of the opposite sex as the holotype, which has been used in the description. Often
used to illustrate morphological characters not seen in the holotype.

Paratype(s)

Specimen(s) other than the holotype on which the description is based and where these
specimens have been included in the description as type material.

Syntypes

When a species description is based on two or more specimens and the author failed to
explicitly designate a holotype, all the specimens are considered syntypes. If the description
was published prior to 1931, any specimens cited via references in the manuscript are also
considered syntypes. In modern times, syntypes are rarely used in new descriptions.

Lectotype

A specimen selected after the description was published, from a set of syntypes, as the type of
a species.

Paralectotype
When a lectotype is designated, the remaining syntypes are considered paralectotypes.
Neotype

When a designated type of a species (holotype, syntypes, neotype or lectotype) has been
previously designated, but is subsequently lost or damaged beyond recognition, a fresh
specimen designated as the type is called a neotype. If paratypes are present, it is desirable to
select the neotype from among the paratypes.

Topotype

A specimen collected at a later date, and not part of the type series, from the same locality as
the holotype of the species. When the type series consists of a small number of specimens,
data from topotypes can be used to help diagnose a new species.

Isotype

A specimen collected at the same time, but not from the same place, as the holotype,
paratypes or syntypes, but not included in any of these.

Morphotype

A specimen illustrating a morphological variant of a species. Nowadays, it is likely a
morphotype may be described as a new species. DNA sequences are useful in determining if
a morphotype is distinct enough to be described as a new species.
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Monotype

When the holotype of a species is the only specimen known to science, it is called a
monotype.

Some technical terms are often used in conjunction with type descriptions, the most common
amongst those are given below.

Type locality

The location from where the holotype or lectotype of a species was collected from. Paratypes
can be from a different locality to the holotype. E.g. Specimens of a new species are collected
from Mumbai, Calicut and Kanyakumari. In the description, the holotype is chosen from
amongst the specimens collected in Mumbai, with the rest of the specimens listed as
paratypes. The type locality thus is Mumbai, where the holotype was collected.

Type localities in early descriptions were often very vague; e.g. “Madras” or “Indian Ocean”.
Nowadays, with the availability of GPS coordinates, they are quite precise.

Type series

The group of specimens explicitly (or implicitly) listed as forming the type material used in
the description. Additional specimens used for measurements, but not listed as type material
are considered non-type or collateral types.

Name bearing type

A specimen or specimens (holotype, lectotype, neotype, syntypes) which provide an objective
standard by which the species can be identified.

Points to keep in mind when describing a new species

a) A holotype must be explicitly designated, along with a precise collection locality. This
specimen must clearly illustrate the key features on the basis of which the taxon is
distinguished.

b) Additional specimens used in the description must be designated as paratypes or
non-type

c) All specimens (or at least the holotype) must be deposited in a museum or recognised
educational institute, where they will be properly maintained and made available to
other scientists or students for study.

d) The description must include, in addition to distinguishing characters and
measurements, a diagnosis listing similarities to and differences from other closely
related species. The repository where the type material is stored must also be listed.
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Additional Reading
1. Nelson, J. S. 2006. Fishes of the World. 4th edition. John Wiley & Sons, Hoboken,
New Jersey. xvii + 601 pp.
2. Coad & McAllister. 2020. Dictionary of Ichthyology. Accessed Online:
http: rian m/diction mplete%20dictionary.htm
3. International Code for Zoological Nomenclature.  Accessed  Online:

https://www.iczn.org/the-code/the-code-online/
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5. Elasmobranchs: Classification, and Key Characteristics of Cartilaginous
Fishes

Dr. K. S. Sobhana
Marine Biodiversity and Environment Management Division
ICAR-Central Marine Fisheries Research Institute, Kochi

Cartilaginous fish (sharks, rays, skates, guitarfishes, and chimaeras) are a captivating group
contributing to marine biodiversity. Elasmobranchs, a subclass of Chondrichtheys, possess a
cartilaginous skeleton, unlike bony fishes (Osteichthyes). Chondrichtheys, an ancient taxon
dating back to 400 million years, comprises Elasmobranchii and Holocephali.
Elasmobranchs inhabit diverse marine environments globally, from shallow coastal waters to
deep trenches, with over 869 extant species (around 400 sharks). They occupy habitats from
nearshore to abyssal depths, from the equator to the poles, including some freshwater and
hypersaline waters, primarily in tropical and temperate marine regions. Deep-sea exploration
will likely uncover more species. Taxonomic revisions, including reclassification and
renaming, contribute to our understanding of elasmobranch phylogeny and evolutionary
history.

Class: Chondrichthyes

Classification

Animalia

Chordata

Chondrichthyes

Elasmobranchii
& Holocephali

Common characteristics of cartilaginous (Chondrichtheys) fishes

% Cartilaginous skeleton which is calcified giving the appearance of bone

% Cranium (or skull) to protect brain and sense organs of the head

% Vertebral column fundamentally structured around a notochord supported by vertebral
centra

% Skeleton of the pelvic fins modified into paired claspers in males

% Usually snout is pre-oral with the nostrils on the ventral surface

% Teeth usually not fused to jaws and replaced serially

% Lungs/swim bladder absent

% Intestinal spiral valve present
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Subclass Elasmobranchii
Common characteristics of Elasmobranchs

% Upper jaws not fused to the cranium, can be protruded. Lower jaw is a single element
on each side

% Gill openings 5-7 pairs, no operculum

% Body covered with placoid scales (dermal denticles), teeth are modified placoid scales

% Teeth arranged in successive rows that continuously replace each other in a conveyor
belt-like manner

Living members of the Subclass Elasmobranchii comes under the division Neoselachii which

comprises the subdivisions Selachii (modern sharks) and Batoidea (skates, rays and guitar

fishes)

% Selachii include two superorders viz., Squalomorphii and Galeomorphii.
Squalomorphii includes less derived sharks, such as dogfish sharks, while
Galeomorphii includes most of the living sharks, such as bull sharks, tiger sharks, and
hammerhead sharks

% Within Squalomorphii (lack anal fin), there are 3 orders, the Squatiniformes (angel
sharks), the Pristiophoriformes (sawsharks) and the Squaliformes (dogfish sharks)

% Galeomorphii, characterized by the presence of an anal fin, encompasses five orders:
Heterodontiformes (bullhead sharks), Orectolobiformes (carpet sharks), Lamniformes
(mackerel sharks), Carcharhiniformes (ground or requiem sharks), and
Hexanchiformes (six- and seven-gilled sharks and frilled sharks)

% Batoidea contains four orders: Rhinopristiformes (saw fishes, wedge fishes and guitar
fishes), Myliobatiformes (stingrays, whip rays, eagle rays, devil rays and relatives),
Rajiformes (skates) and Torpediniformes (electric rays and numb fishes).

Subdivision Selachii (Modern sharks)

Sharks are perhaps the most well-known members of the subclass Elasmobranchii, ranging in
size from small species like the dwarf lanternshark to giants like the whale shark and the
great white shark.

Common features of Sharks:

% Upper eyelids that can move freely, gill openings positioned on the sides of head,
distinct pectoral fins not attached to sides of the head

% Typically have a streamlined fusiform (bullet-shaped) body, although some species
exhibit a flattened ray-like shape

% Five pairs of gill openings, although there are species with six or seven pairs

% Majority possess two dorsal fins, although a few species have only one. Certain
groups of sharks have dorsal fins with spines along their leading edges

s Well-developed caudal fin
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Subdivision Batoidea (Skates, rays and guitar fishes)

Distinguishing features:

2
%

Flattened in shape and have expanded pectoral fins that give them a wing-like
appearance.

Pectoral fins are connected to both the back of the skull and the body, expanding
significantly to create a body disc

Gill openings are positioned beneath their flattened body

Majority of species feature diminutive dorsal and caudal fins, with numerous species
entirely lacking these fins

Dorsal fins do not possess spines

Anal fin absent

Eyes as well as spiracles typically positioned on top of the head

In a few blind electric rays, the eyes are obscured by skin and are not easily
distinguishable

Species identification relies on characteristics such as colouration, shape of the body
disc and tail, structure of the nasal passages and mouth as well as the arrangement and
shape of dermal thorns and denticles

Subclass Holocephali (Chimaeras)

Distinguishing characteristics of chimaeras:

R
°

L X4

L X4

R
°

X4

o

L X4

L 4

Upper jaw joined and fused to the underside of skull

Gills protected by operculum, and only single gill opening

Skin devoid of denticles

Teeth glued together into plate-like structures, often resembling a beak
Tail elongated and slender

Extant Chimaeras are categorized into three families: Callorhinchidae (plough-nose
chimaeras), Rhinochimaeridae (long-nose chimaeras), and Chimaeridae (short-nose
chimaeras)

Species reported from Indian waters: Neoharriotta pinnata (Scklefin chimaera) and
Hydrolagus africanus (African chimaera)

Classification of Sharks (Selachii) in orders

Classification Characteristics

Squatiniformes (Angel Sharks, Sand devils) e Flat body

Mouth at front
No anal fin
Ovoviviparous

Pristiophoriformes (Saw sharks)

Long snout
Mouth underneath
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No anal fin

Gill slits on sides of body
Spiracles present
Ovoviviparous (litters of 7
to 17 large pups)

Squaliformes (Dogfish and bramble/cookie cutter
sharks)

Short snout

No anal fin
Ovoviviparous (1, 2, or
over 20 young)

Hexanchiformes (Frilled and cow sharks)

Anal fin present

One dorsal fin

6 or 7 gills on each side
Ovoviviparous

Heterodontiformes (Bullhead sharks and horn sharks)

Anal fin present

5 gill slits

2 dorsal fins

Dorsal spines present
Only living sharks with
dorsal fin spines and anal
fin

Oviparous (unique spiral
flanged egg cases)

Orectolobiformes (Carpet sharks including the
wobbegong, nurse, bamboosharks, blind, zebra, and
whale shark)

Anal fin present

5 gill slits

2 dorsal fins

No fin spines

Mouth in front of eyes
Oviparous or ovoviviparous

Lamniformes (Mackerel sharks, including the basking,
goblin, megamouth, great white, crocodile shark,
thresher, porbeagles, sandtiger and mako sharks)

Anal fin present

5 gill slits

2 dorsal fins

No fin spines

Mouth behind eyes
No nictitating eyelids
Ovoviviparous

Carcharhiniformes (Ground sharks including catsharks,
swellsharks, houndsharks, weasel sharks, requiem, tiger
and hammerhead sharks)

Anal fin present

5 gill slits

2 dorsal fins

No fin spines

Mouth behind eyes
Nictitating eyelids present
Viviparous or
ovoviviparous
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Morphology and morphometry of sharks

Sharks are classified based on external features such as body shape, snout length, and fin
proportions, as well as internal traits like tooth arrangement and count. Among these, total
length (TL) is a primary metric used in shark taxonomy, serving as a reference for measuring
other proportional dimensions. In certain instances, pre-caudal length (PCL) and fork length
(FL) are used as alternatives to TL, offering supplementary data to examine shark
morphology more thoroughly.
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Lateral view of shark illustrating external body parts
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Ventral view and measurements
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Taxonomy and diversity of sharks in Indian water

Order : Carcharhiniformes

Shark species from the families Carcharhinidae, Sphyrnidae, Scyliorhinidae, Pentanchidae,
Triakidae, Hemigaleidae, Proscyllidae, and Pseudotriakidae within the Carcharhiniformes
order are known to inhabit Indian waters.
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Family

Characteristics

Carcharhinidae ~ (Requiem
sharks)

Largest tropical shark family.

No spiracles (except Galeocerdo).
Internal nictitating eyelids.
Elongated, arched mouth past eyes.
Blade-like teeth, upper broader.
Precaudal pit present.

Two dorsal fins, anal fin.

First dorsal base ahead of pelvic fins.
Five gill slits, last 1-3 over pectoral fin.
No gill rakers.

Viviparous (yolk sac placenta).
Litter size varies (1-2 to 135).

Tiger shark is ovoviviparous.

Sphyrnidae ~ (Hammerhead
sharks)

Hammer-like head extensions.

Circular eyes on outer edges.

Internal nictitating eyelids.

No spiracles, labial furrows.

Precaudal pit present.

Two dorsal fins, high pointed first dorsal.

First dorsal base shorter than caudal, ahead of pelvic
fins.

Smaller second dorsal and anal fins.

Viviparous.

Scyliorhinidae (Cat sharks)

Small, slender, elongated body.

Cat-like eyes, elongated, maybe rudimentary
nictitating eyelids.

Two small dorsal fins (no spines), anal fin.

First dorsal base opposite/behind pelvic fins.

No precaudal pit.

Caudal fin without ventral lobe or dorsal undulations.
Five gill slits, last two behind pectoral fins.

Spiracles present.

Numerous small teeth, single cusp, maybe cusplets.
Spiral valve intestine.

No lateral keels or precaudal pits on caudal peduncle.

Pentanchidae (Cat sharks)

Small, slender to moderately stout.
Horizontal oval eyes.

Rudimentary lower eyelids.

Spiracles present.

Five gill slits, last two over pectoral fin.
Small, numerous teeth.

Spiral valve intestine.
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First dorsal over/behind pelvics.
Large second dorsal and anal fins.
Symmetrical tail, little/no lower lobe.

Triakidae (Hound sharks)

Small to medium-sized.

Horizontal oval eyes, nictitating eyelids.

Long, angular/arched mouth, past eyes.

Moderate to long labial furrows.

Two moderate/large dorsal fins (no spines).

First dorsal base well ahead of pelvic fins.

Anal fin smaller than second dorsal, concave rear
edge.

No precaudal pit.

Caudal fin without ventral lobe or dorsal undulations.
Spiracles present.

Spiral valve intestine.

Hemigaleidae
(Weasel sharks)

Wavy/undulated dorsal fin margin.
Precaudal pit present.

Internal nictitating membrane.
Small spiracles.

Moderately long labial furrows.
Spiral valve intestine.

Proscyllidae
sharks)

(Finback cat

Poorly developed nictitating eyelids.
Large spiracles.

Comb-like posterior teeth.

Very short/absent labial furrows.

Pseudotriakidae (False cat
sharks)

Elongated, slit-like eyes.

Underdeveloped nictitating eyelids.

Large spiracles.

Many tooth rows, comb-like posterior teeth.
Elongated, low, keel-like first dorsal fin.

Species reported from Indian waters: Order Carcharhiniformes

Family Genus Species Common name
Carcharhinidae | Carcharhinus C. longimanus Oceanic whitetip shark

C. albimarginatus Silvertip shark

C. dussumieri Whitecheek shark

C. wheeleri Blacktail reef shark

C. amblyrhynchos Grey reef shark

C. sorrah Spot-tail shark

C. falciformis Silky shark

C. melanopterus Black-tip reef shark

C. leucas Bull shark
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C. limbatus

Black-tip shark

C. altimus

Bignose shark

C. amboinensis

Pigeye shark

C. brevipinna

Spinner shark

C. macloti Hardnose shark
C. amblyrhynchoides | Graceful shark
C. obscurus Dusky shark
C. hemiodon Pondicherry shark
Rhizoprionodon | R. acutus Milk shark
R. oligolinx Grey sharpnose shark
Prionace P. glauca Blue shark
Scoliodon S. laticaudus Spadenose shark
Galeocerdo G. cuvier Tiger shark
Triaenodon T obesus Whitetip reef shark
Loxodon L. macrorhinus Slit-eye shark
Lamiopsis L. temminckii Broadfin shark
Negaprion N. acutidens Sicklefin lemon shark
Sphyrnidae Sphyrna S. lewini Scalloped hammerhead
S. mokarran Great hammerhead
S. zygaena Round headed hammerhead
Eusphyra E. blochii Wing-head shark
Scyliorhinidae | Cephaloscyllium | C. silasi Indian swellshark
Atelomycterus A. marmoratus Coral catshark
Bythaelurus B. hispidus Bristly catshark
Pentanchidae Apristurus A. investigatoris Broadnose catshark
Halaelurus H. quagga Quagga catshark
Triakidae lago 1. omanensis Bigeye hound shark
1. mangalorensis Mangalore hound shark
Hemigaleidae Chaenogaleus C. macrostoma Hooktooth shark
Hemigaleus H. microstoma Sicklefin weasel shark
Paragaleus P longicaudatus Slender weasel shark
Hemipristis H. elongata Snaggletooth shark
Proscyllidae Eridacnis E. radcliffei Pygmy ribbontail  catshark
Proscyllium P. magnificum -
Pseudotriakidae | Planonasus P indicus Eastern dwarf false catshark

Order : Lamniformes

Shark species belonging to the families Alopiidae, Lamnidae, Megachasmidae,
Pseudocarchariidae and Odontaspididae of the order Lamniformes are known to occur

in Indian waters
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Family Characteristics
Alopiidae (Thresher e Long, curved, asymmetrical caudal fin
sharks) (dorsal lobe almost as long as body).

Short ventral caudal lobe.

Long, narrow pectoral fins.

Large eyes.

Small mouth.

Short gill openings (last two above
pectoral fin base).

Precaudal pit present.
Ovoviviparous.

Uterine cannibalism.

Lamnidae (Mako sharks)

Pointed snout.

Spindle-shaped body.

Elongated mouth, large, blade-like teeth.
Gill slits extend widely laterally to
mid-dorsal surface.

No gill rakers.

Long pectoral fins.

Tall dorsal fins.

Small second dorsal and anal fins.
Large lateral keels.

Prominent precaudal pits.

Lunate caudal fin.

Ovoviviparous.

Uterine cannibalism.

Pseudocarchariidae
(Crocodile sharks)

Medium-sized.

Spindle-shaped body.

Very large eyes (no nictitating
membrane).

Long gill slits (onto dorsal surface).
Large, parabolic, ventral mouth.
Protrusible, large, lanceolate teeth
(narrow anterior, blade-like lateral).
Small, low dorsal fins (second < half
first, > anal).

Small, broad, rounded pectoral fins.
Large pelvic fins.

Weak lateral keel.

Precaudal pits present.

45




ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Fins outlined in white, maybe white
spots, white blotch between mouth and
gills.

Megachasmidae

(Megamouth sharks)

Elongated head (= trunk length).

Very large, terminal mouth.

Short, broadly rounded snout.
Moderately long gill opening (not onto
dorsal surface).

Last two gill slits over pectoral fin base.
Small teeth, many rows.

Odontaspididae (Sand

sharks)

Caudal peduncle without lateral keels.
Pit on upper caudal peduncle, none on
lower.

Large, slender teeth, smooth edges.
No nictitating membrane.
Ovoviviparous.

Species reported from Indian waters: Order Lamniformes

Family Genus Species Common name
Alopiidae Alopias A. uperceliosus | Big eye thresher

A. vulpinus Thin tail thresher

A. pelagicus Pelagic thresher
Lamnidae Isurus 1. oxyrhyncus Shortfin mako

1. paucus Longfin mako
Pseudocarchariidae | Pseudocarcharias | P. kamoharai Crocodile shark
Megachasmidae Megachasma M. pelagios Megamouth shark
Odontaspididae Carcharias C. taurus Sand tiger shark

Odontaspis O. ferox Smalltooth sand tiger

Order : Squaliformes

Species from the families Echinorhinidae, Squalidae, Centrophoridae, Etmopteridae and
Somniosidae within the Squaliformes order have been recorded in Indian waters.

Family Characteristics
Echinorhinidae (Bramble sharks) e First dorsal fin behind pelvic fin origin.
e No anal fin.
e Spineless dorsal fins, far back.
e Large, scattered, thorn-like denticles (some
fused).
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Ovoviviparous (no yolk sac placenta).

Squalidae (Dogfish sharks)

Low, cylindrical body.

Two dorsal fins (may or may not have spines).
First dorsal fin origin in front of pelvic fins.
Small to moderately large denticles.

Caudal fin with or without subterminal notch.
Ovoviviparous (aplacental viviparity).

Litter size 1-2 to over 20.

Centrophoridae (Gulper sharks)

Grooved spines on both dorsal fins.

Larger lower jaw teeth.

No precaudal pits or lateral keels on caudal
peduncle.

Ovoviviparous (embryos depend on yolk).

Etmopteridae (Lantern sharks)

Small to medium-sized.

Deep oceanic.

Bioluminescent.

Cylindrical body.

Elongated snout.

Two dorsal fins, sharp spine on each.

Small light organs (photophores) on belly and
sides.

Large spiracles.

Subterminal notch on caudal fin.

Somniosidae
dogfishes/Sleeper sharks)

(Velvet

Broad head, short, flat snout.
Small, needle-like upper teeth.
Broad, flat lower teeth.

Five gill slits.

Large spiracles.

Low, small dorsal fins.

Fin
Scymnodalatias and Somnosius).

spines on dorsal fins (except

Species reported from Indian waters: Order Squaliformes

Family Genus

Species

Common name

Echinorhinidae | Echinorhinus

E. brucus

Bramble shark

Squalidae Squalus

Squalus lalannei -

Centrophoridae | Centrophorus

C. moluccensis

Smallfin gulper shark

C. uyato

Little gulper shark

C. atromarginatus

Dwarf gulper shark

C. granulosus

Gulper shark

C. squamosus

Leafscale gulper shark

C. lusitanicus

Lowfin gulper shark

47




ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

C. zeehaani Southern dogfish
Denia D. profundorum Arrowhead dogfish
Etmopteridae | Etmopterus E. pusillus Smooth lantern shark
Centroscyllium | C. ornatum Ornate dogfish
Somniosidae Centroselachus | C. crepidater Longnose velvet dogfish
Zameus Z. squamulosus Velvet dogfish

Order : Orectolobiformes

Sharks representing the families Rhincodontidae, Stegostomatidae, Ginglymostomatidae and
Hemiscyllidae of the order Orectolobiformes have been reported from Indian waters.

Family

Characteristics

Rhincodontidae

Wide, flat head, snub-nosed snout.

Large, near-terminal mouth.

Numerous, small teeth.

Large external gill slits.

Filter screens in internal gill slits.

Large gill openings, fifth distinct from fourth.
Elongated gill rakers.

Lateral keels on caudal peduncle.

Robust ventral lobe on caudal fin.

No prominent terminal lobe or subterminal
notch.

Viviparous, large litters.

Stegostomatidae (Zebra sharks)

Moderate size.

Small, subterminal mouth.

Small external gill slits.

Lateral eyes, no movable upper eyelids.

Large spiracles.

Short, pointed nasal barbels.

Very long caudal fin (almost body length).
Caudal fin usually without strong ventral lobe.
Prominent terminal lobe and subterminal notch
on caudal fin.

No lateral keels or precaudal pits.

Ginglymostomatidae
(Nurse sharks)

Short, wide, blunt snout.

Oval eyes behind mouth.

Large barbels below snout.

Groove between nasal opening and mouth
corner.

Small, transverse mouth below snout.

Five gill slits, last two close together, above
pectoral fins.
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Two close-set dorsal fins (similar size), rear half
of body.

Short, asymmetrical tail, minimal lower lobe.
No keels on tail base.

Hemiscyllidae (Bamboo sharks)

Small, slender.

Nasoral grooves.

Short nasal barbels.

Small, transverse mouth in front of eyes.

Large spiracles below eyes.

No lateral skin flaps on head.

Two dorsal fins (no spines).

Second dorsal origin ahead of first.

Low, keel-like, rounded anal fin, origin behind
second dorsal origin.

Narrow notch between anal fin and lower
caudal origin.

Long precaudal tail.

No lateral keels or precaudal pits.
Oviparous, small oval egg cases.

Species reported from Indian waters: Order Orectolobiformes

Family Genus Species Common name
Rhincodontidae Rhincodon R. typus Whale shark
Stegostomatidae Stegostoma S. fasciatum Zebra shark
Ginglymostomatidae | Nebrius N. ferrugineus | Tawny nurse shark
Hemiscyllidae Chiloscyllium | C. griseum Grey bamboo shark

C. indicum Slender bamboo shark

C. plagiosum White spotted bamboo shark

C. arabicum Arabian carpet shark

C. hasselti Hasselt’s bamboo shark

C. punctatum Brown banded bamboo shark

C. burmensis Burmese bamboo shark

Hemiscyllium | H. ocellatum Epaulette shark

Order : Hexanchiformes

Sharks representing the family Hexanchidae under the Order Hexanchiformes have been

reported to occur in Indian waters.

+ Family : Hexanchidae (Six/Seven gill sharks)

Hefty sharks with a wide head.
Mouth on underside.

Six rows of blade-like, comb-shaped teeth on each side.
Single dorsal fin.
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Short, sturdy caudal peduncle.

Dorsal fin insertion to caudal origin distance =~ dorsal fin base length.
Ovoviviparous reproduction.

Large litters (22-108 pups).

Species reported from Indian waters: Order Hexanchiformes

Family Genus Species Common name
Hexanchidae Hexanchus H. griseus Bluntnose sixgill shark
Heptranchias | H. perlo Sharpnose seven gill shark

Taxonomy and diversity of Batoids
Common characteristics of Batoids:

% Gill openings positioned on the ventral side

% Eyes and spiracles situated on the upper side of the head
% Large pectoral fins that connect to the side of the head

» Absence of anal fin

% Pavement teeth, for crushing prey

o

o,

Morphology and morphometry of Batoids
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Dorsal view illustrating body parts and measurements of skates
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Classification of Batoids

The classification of Batoids remains debatable, with much yet to be understood about the
evolutionary relationships and lineages. Skates, rays, and guitarfishes are commonly
acknowledged as a monophyletic group, however, depending on the classification, they can
be listed as belonging to four different orders viz., in the division Batoidea under subclass
Elasmobranchii, and occasionally they are all listed under one order Rajiformes instead of
under separate orders.

Subdivision : Batoidea

Order : Rhinopristiformes (Saw fishes, wedge fishes and guitar fishes)
Order : Myliobatiformes (Sting rays and relatives)

Order : Rajiformes (Skates)

Order : Torpediniformes (Electric rays and numb fishes)

Order: Rhinopristiformes

Species representing the families Pristidae, Rhinidae and Rhinobatidae of the order
Rhinopristiformes have been documented in Indian waters.

Family Characteristics
Pristidae (Saw fishes) e Shark-like body, depressed head.
e Long, flat, toothed snout (saw).

e  One pair of long barbels.
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Rhinidae (Bow mouth guitar
fishes and Wedge fishes)

Rhinobatidae (Guitar fishes)

Glaucostegidae (Giant guitar
fishes)

Two dorsal fins, caudal fin.

No dorsal fin spines, no anal fin.

Large spiracles.

Body between shark and skate-like.

Large, bilobed caudal fin.

First dorsal fin origin over/in front of pelvic fins.
Bowmouth: Rounded snout and head.

Wedgefish: Angular, wedge-shaped snout, indentation
before pectoral fin origin.

Body between shark and skate-like.

Stout tail, not distinctly separate from body.
Wedge-shaped snout (not a blade), no lateral teeth.
Two dorsal fins, caudal fin (not bilobed).

First dorsal fin origin behind pelvic fins.
Denticles, row along back midline.

No tail spine.

Flattened, spade/wedge-shaped disc.

Robust, depressed, shark-like trunk.

Long snout, tip varies (acute, rounded, bulbous).
Small, widely separated eyes.

Small spiracles, 1-2 folds.

Fine denticles, sometimes small thorns (back midline, eyes,
shoulders, snout).

Long-based pelvic fins, lateral, behind disc.

Two separated, similar dorsal fins (first behind pelvic fin
tips).

Small, posterior caudal fin, no ventral lobe.

Species reported from Indian waters: Order Rhinopristiformes

Family Genus
Pristidae Anoxypristis
Pristis

Species Common name
A. cuspidata Pointed/Narrow sawfish
P. microdon Largetooth sawfish
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Rhina

Rhynchobatus

Rhynchobatus
Rhynchobatus
Rhinobatos

Rhinobatos

Rhinobatos
Acroteriobatus

Glaucostegus

Order: Torpediniformes

P, pristis

P, zijsron

R. ancylostomus

R. australiae

R. djiddensis

R. laevis
R. palpebratus
R. lionotus

R. annandalei

R. punctifer
A. variegatus
G. granulatus
G. obtusus

G. typus

G. thouin

G. halavi

Common sawfish
Longcomb/Green sawfish
Bowmouth guitarfish/shark ray

Bottlenose wedge fish/White spotted
wedge fish

Giant Guitarfish/Whitespotted
wedgefish

Smoothnose wedgefish
Eyebrow wedgefish
Smoothback guitarfish

Annandale’s guitarfish/Bengal
guitarfish

Spotted guitarfish

Stripenose Guitarfish
Granulated/Sharpnose guitarfish
Widenose Guitarfish

Giant guitarfish

Clubnose guitarfish

Halavi guitarfish

Electric rays/numb fishes from the families Torpedinidae, Narcinidae and Narkidae within the

order Torpediniformes have been found to occur in Indian waters.

Family

Torpedinidae (Electric Rays)

Narcinidae (Numb Fishes)

Characteristics

e Flat, disc-shaped body

e Caudal fin varies in length

e Thick, fleshy disc margins

e Arched, wide mouth (no labial folds or peripheral

groove)

e Jaws not bound by cartilage

e Males have claspers

e Ovoviviparous

e Small to medium size
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Narkidae (Numb Rays)

Oval, rounded, or shovel-shaped pectoral discs

Tail stout, equal to or longer than disc

Transverse mouth with prominent groove

Snout with broad, trough-shaped rostral cartilage
Highly protrusible jaws

Prominent groove around mouth periphery

Nasal curtain typically broader and shorter

Small, single-cusped teeth

Two dorsal fins (roughly equal size)

Large caudal fin

Pectoral disc rounded anteriorly

Very small, narrow mouth (upper and lower grooves)
Flattened head (no spiracle lamellae, except Electrolux)
Teeth ridged or unicuspidate

One or two dorsal fins, or absent

Caudal fin large (same size as or larger than pelvic fin)

Species reported from Indian waters: Order Torpediniformes

Family Genus
Torpedinidae Torpedo
Narcinidae Benthobatis
Narcine
Narkidae Heteronarce
Narke

Species

T panthera
T’ sinuspersici
T marmorata
B. moresbyi
N. timlei

N. brunnea
N. lingula

N. oculifera
N. maculata
N. atzi

H. prabhui

N. dipterygia

Common name
Panther electric ray
Variable torpedo ray
Marbled electric ray
Dark blind ray
Spotted numbfish
Brown numbfish
Chinese numbfish
Bigeye numbfish
Darkfinned numbfish
Oman numbfish
Quilon electricray

Numbray
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Order: Rajiformes

Skates of the families Gurgesiellidae and Rajidae under the order Rajiformes have been
documented from Indian waters.

Family Characteristics
Gurgesiellidae (Pigmy skates) e Exceptionally thin and flexible rostral cartilage in the
mouth.

e Deeply notched pelvic fin with finger-like lobes.
e Lobes of pelvic fin mostly equal in size.
Rajidae (Skates) e Slender and pointed snout.
e Wide mouth, sometimes covered by fleshy nasal flap.
e Mostly firm rostral cartilage.
e Pelvic fin usually with two lobes (deep or weak incision).
e Anterior lobe of pelvic fin shorter than posterior lobe.
e May have up to two dorsal fins.

e Lacks an anal fin.

Species reported from Indian waters: Order Rajiformes

Family Genus Species Common name
Gurgesiellidae Cruriraja C. andamanica Andaman skate/Andaman pygmy
Fenestraja F. mamillidens Prickly pygmy skate/Prickly skate
Rajidae Dipturus D. johannisdavesi Travancore skate
Orbiraja O. powelli Indian ring skate
Cruriraja C. andamanica Andaman leg skate

Order: Myliobatiformes

Rays representing the families Gymnuridae, Dasyatidae, Plesiobatidae, Myliobatidae,
Aectobatidae, Rhinopteridae, Hexatrygonidae and Mobulidae falling under the order
Myliobatiformes have been recorded from Indian waters.

Family Characteristics
Gymnuridae (Butterfly rays) e Disc much broader than long (lozenge-shaped).
e 1.6 times wider than long.

e Five pairs of gill slits.
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Dasyatidae (Whiprays)

Plesiobatidae (Stingrays)

Myliobatidae (Eagle rays)

Aetobatidae (Eagle rays)

Rhinopteridae (Cow nose rays)

Hexatrygonidae (Stingrays)

Mobulidae (Devil rays/Manta rays)

e Very thin, short tail.

e Disc oval, circular, or rhomboidal.

e Moderately stout to slender, often elongated whip-like

tails.

e Tails usually longer than the disc.

e No ridge-like skin folds on tails.

e Elongated snout (over 6x orbit diameter).

e Broadly angular, fleshy body.

e Dorsal surface covered in fine denticles.

e Short tail.

e Distinct separation between head and disc.

e Internasal curtain without notches or indentations.

e Snout with single convex rostral lobe.

e Internasal flap deeply notched ("V" shaped).

e Snout with two low, rounded, broad lobes.

e Deeply notched between lobes.

e Greatly elongated, thick snout.

e Soft, flabby body.

e Six pairs of gill openings.

e Spiracles widely spaced, behind eyes.

e Snout formed into paired elongated lobes.

e Broad mouth, no nasal curtain.

Species reported from Indian waters: Order Myliobatiformes

Family Genus

Gymnuridae Gymnura

Dasyatidae Brevitrygon
Hemitrygon

Species

G. poecilura
G. micrura
G. zonura

B. imbricata
B. walga

H. bennettii

Common name

Longtail butterfly ray

Smooth butterfly ray

Zone tail butterfly ray

Bengal whipray/Scaly whipray
Dwarf whipray

Bennett’s sting ray
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Telatrygon

Himantura

Maculabatis

Neotrygon

Telatrygon

Pastinachus

Pateobatis

Pteroplatytrygon
Taeniura
Taeniurops

Urogymnus

Plesiobatis

Aetomylaeus

H. leoparda
H. uarnak

H. undulata
H. alcockii

H. fava

H. marginata
M. arabica

M. bineeshi
M. gerrardi
M. pastinacoides
M. microps

N. kuhlii

N. indica

T zugei

P. ater

P. gracilicaudus
P. sephen

P. bleekeri

P fai

P, jenkinsii

P. uarnacoides
P, violacea

T lymma

1. meyeni

U. asperrimus
U. granulatus
P, daviesi

A. maculatus

A. milvus

Indian sharpnose ray
Leopard whipray
Coach whipray/Reticulate whipray
Leopard whipray
Pale-spot whip ray
Honeycomb whipray
Black edge whip ray
Pakistan whipray
Shorttail whipray
Whitespotted whipray
Round whipray
Smalleye stingray
Blue-spotted stingray
Indian ocean blue-spotted maskray
Pale edged stingray
Broad cowtail ray
Narrow cowtail ray
Cowtail ray

Bleeker’s whipray
Pink whipray

Jenkins’ whipray
Whitenose whipray
Pelagic stingray
Blue-spotted fantail ray
Blotched stingray
Porcupine whipray
Mangrove whipray
Giant stingray

Mottled eagle ray

Brown eagle ray
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A. nichofii

A. vespertilio

Banded eagle ray

Ornate eagle ray

Aetobatidae Aetobatus A. flagellum Longheaded eagle ray
A. ocellatus Spotted eagle ray
Rhinopteridae Rhinoptera R. javanica Javanese cownose ray/Flapnose ray
R. jayakari Short tail cownose ray
Hexatrygonidae = Hexatrygon H. bickelli Sixgill stingray
Mobulidae Mobula M. alfredi Reef manta ray

M. birostris
M. kuhlii

M. mobular

M. tarapacana

M. thurstoni

Giant manta ray

Shortfin devilray/Kuhl’s devilray
Giant devilray/Devil fish
Chilean devilray

Bentfin devilray/Smoothtail mobula

M. eregoodootenkee Longhorned mobula
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6. Finfish Diversity And Taxonomy
Dr. Rekha J Nair

Marine Biodiversity and Environment Management Division, ICAR-Central Marine Fisheries
Research Institute, Kochi

According to FishBase about 34,800 species of fish had been described as of February 2022,
which is more than the combined total of all other vertebrate species: mammals, amphibians,
reptiles and birds. Of the fish species from the world, India supports of about 2923 marine
fishes owing to 8.84% of the total marine fish resources. Of the overall fish diversity known
from India, the marine fishes make up 62 percent, containing 1838 species and the freshwater
species 1048 species contributing to 36 percent. Of the total marine fishes reported, 182
species are deepwater forms.

Among the fish diversity rich areas in the marine waters of India, the Andaman and Nicobar
archipelago exhibits the highest number of species, 1431, followed by the east coast of India
with 1121 species and the west coast with 1071. We recognize since 91 species of endemic
marine fishes to exist in the coastal waters of India. As per Catalogue of Life (2025 online),
the species wise breakup is given below

Stalidobranchia: 1058
Aplousobranchia: 1,589 Perciformes: 11248
Primated: 528
Eudipotyphila: 593
Cliroptara: 1,445
Rademntia: 2,398

Cypriniformes: 4418

Caudara: 738 Siluriformes: 3,781

:ﬂ. -t-\.-l-.i.: tl.l cr
Anira: 7.104 '\:.\_-\.I.\:,;-I- ':“:' REYRLI Characiformas; 2,14
oy ! =S )

Searpaenilarrmes: 1,

Peimtacilormes: 403 Cyprinadantiform ,

Piciformes: 44% Amguilliformes: 918
Apodiformies: 487 Plewrcnectiformes: 785

Passeriformes: 6,353 Gadilormes; G18

Ophidiiformes: 532

Othar / Unknown @ 11,769
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Mormyridas; 228
Myctophidas: 248 ———_ |
syngnathidas: 298 —

Stomlkdae; 286 ———.

Ophiklildae: 258 \
Macrouridas: 405 .t \\\\Q‘ !

|_——

Ophikchihidas: 323
Mothobranchiida. . 272
Poeciliidas: 349

Rihvulidas: 411

Cottidae: 257 Silurifo :

Liparidas: 405
Characidae: L1116

Bagridae: 235

Trichomycteridag: 286

jﬂ;‘.-

Gaohiidae: 1,80%
Cichlidae: 1700
Serranidae 544
Lalyridae; 530
Elemndlclae: 200

N Pomacentridas: 396
-P'i:r__i'.'i.fﬂ'.rn‘"!l Apogonidae: 152
Foarcidas: 303

Sciaenidee: 286

Cyprinidas: 3.117
© Memacheilidae: 668
- Cobitidae: 261

Loricaniidan: 936

Phylum Chordata has 74333 species; Class Actinopterygii at present has 32513 species in 46

orders, 488 families with 4908 genera.

Class Elasmobranchii with 1266 species includes all cartilaginous fishes.

o (lass Myxini

o Order Myxiniformes

= Family Myxinidae Rafinesque 1815 (hagfishes)

= Subfamily Rubicundinae Fernholm,

Norén,

Quattrini et al. 2013 (reddish hagfishes)

Kullander,

* Subfamily Eptatretinae Bonaparte 1850 (multi-gill hagfishes)

= Subfamily Myxininae Rafinesque 1815 (hagfishes)

e (lass Petromyzonti

o Order Petromyzontiformes

* Family Petromyzontidae Bonaparte 1831 (lampreys)

* Family Geotriidae Gill 1893 (pouched lampreys)

= Family Mordaciidae Gill 1893 (southern topeyed lampreys)

e (lass Elasmobranchii

0 Order Hexanchiformes

* Family Hexanchidae Gray 1851 (cow sharks)

* Family Chlamydoselachidae Garman 1884 (frill sharks)
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0 Order Heterodontiformes

Family Heterodontidae Gray 1851 (bullhead sharks or horn sharks)

0 Order Orectolobiformes

Family Rhincodontidae Miiller & Henle 1841 (whale sharks)
Family Parascylliidae Gill 1862 (collared carpet sharks)
Family Brachaeluridae Applegate 1974 (blind sharks)
Family Orectolobidae Gill 1896 (wobbegongs)

Family Hemiscylliidae Gill 1862 (bamboo sharks)

Family Stegostomatidae Gill 1862 (zebra sharks)

Family Ginglymostomatidae Gill 1862 (nurse sharks)

0 Order Lamniformes

Family Mitsukurinidae Jordan 1898 (goblin sharks)
Family Carchariidae Miiller & Henle 1838 (sand tigers)
Family Odontaspididae Miiller & Henle 1839 (sand tiger sharks)

Family Pseudocarchariidae Taylor, Compagno & Struhsaker 1983
(crocodile sharks)

Family Megachasmidae Taylor, Compagno & Struhsaker 1983
(megamouth sharks)

Family Alopiidae Bonaparte 1835 (thresher sharks)
Family Cetorhinidae Gill 1861 (basking sharks)

Family Lamnidae Bonaparte 1835 (mackerel sharks)

0 Order Carcharhiniformes

Suborder Scyliorhinoidei
= Family Scyliorhinidae Gill 1862 (catsharks)

Suborder Carcharhinoidei
= Family Atelomycteridae White 1936 (coloured catsharks)
* Family Pentanchidae Smith 1912 (deepwater catsharks)

= Family Dichichthyidae White, Stewart, O'Neill & Naylor 2024
(bristle sharks)

= Family Pseudotriakidae Gill 1893 (false catsharks)
= Family Proscylliidae Fowler 1941 (finback catsharks)
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= Family Leptochariidae Gray 1851 (barbeled houndsharks)
= Family Triakidae Gray 1851 (houndsharks)

*  Subfamily Triakinae Gray 1851 (smouth-hounds)

= Subfamily Galeorhininae Gill 1862 (school sharks)
= Family Hemigaleidae Hasse 1878 (weasel sharks)

* Family Carcharhinidae Jordan & Evermann 1896 (requiem
sharks)

= Family Galeocerdonidae Poey 1875 (tiger sharks)
= Family Sphyrnidae Bonaparte 1840 (hammerhead sharks)
o Order Squaliformes
= Family Dalatiidae Gray 1851 (kitefin sharks)
= Family Etmopteridae Fowler 1934 (lantern sharks)
= Family Somniosidae Jordan 1888 (sleeper sharks)
=  Family Oxynotidae Gill 1863 (rough sharks)
* Family Centrophoridae Bleeker 1859 (gulper sharks)
= Family Squalidae Blainville 1816 (dogfish sharks)
o Order Echinorhiniformes
= Family Echinorhinidae Gill 1862 (bramble sharks)
o Order Pristiophoriformes
* Family Pristiophoridae Bleeker 1859 (saw sharks)
o Order Squatiniformes
= Family Squatinidae Blainville 1816 (angel sharks)
o Order Torpediniformes
= Family Platyrhinidae Jordan 1923 (thornbacks or fanrays)
* Family Narkidae Fowler 1934 (sleeper rays)
= Family Narcinidae Gill 1862 (electric rays)
= Family Hypnidae Gill 1862 (coffin rays)

* Family Torpedinidae Henle 1834 (torpedo electric rays or torpedo
rays)
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0 Order Rhinopristiformes

Family Trygonorrhinidae Last, Séret & Naylor 2016 (fiddler rays or
banjo rays)

Family Rhinobatidae Bonaparte 1835 (guitarfishes)

Family Rhinidae Miiller & Henle 1841 (bowmouth guitarfishes or
wedgefishes)

Family Glaucostegidae Last, Séret & Naylor 2016 (giant guitarfishes)
Family Pristidae Bonaparte 1835 (sawfishes)

o Order Rajiformes

Family Rajidae Blainville 1816 (hardnose skates)

Family Arhynchobatidae Fowler 1934 (softnose skates or longtail
skates)

Family Gurgesiellidae de Buen 1959 (pygmy skates)

Family Anacanthobatidae von Bonde & Swart 1923 (legskates or
smooth skates)

o Order Myliobatiformes

Family Zanobatidae Fowler 1934 (panrays)
Family Hexatrygonidae Heemstra & Smith 1980 (sixgill stingrays)
Family Dasyatidae Jordan & Gilbert 1879 (whiptail stingrays)

= Subfamily Dasyatinae Jordan & Gilbert 1879 (stingrays)

= Subfamily Neotrygoninae Last, Naylor & Manjaji-Matsumoto
2016 (shortsnout stingrays)

= Subfamily Urogymninae Gray 1851 (whiprays)
= Subfamily Hypolophinae Stromer 1910 (cowtail stingrays)
Family Potamotrygonidae Garman 1877 (neotropical stingrays)

* Subfamily Styracurinae Carvalho, Loboda & da Silva 2016
(whiptail stingrays)

= Subfamily Potamotrygoninae Garman 1877 (river stingrays)

Family Urotrygonidae McEachran, Dunn & Miyake 1996 (American
round stingrays)

Family Gymnuridae Fowler 1934 (butterfly rays)

Family Plesiobatidae Nishida 1990 (deepwater stingrays or giant
stingarees)
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= Family Urolophidae Miiller & Henle 1841 (round stingrays or
stingarees)

= Family Aetobatidae Agassiz 1858 (pelagic eagle rays)
= Family Myliobatidae Bonaparte 1835 (eagle rays)
= Family Rhinopteridae Jordan & Evermann 1896 (cownose rays)
* Family Mobulidae Gill 1893 (mantas or devil rays)
e (lass Holocephali
o Order Chimaeriformes
* Family Callorhinchidae Garman 1901 (plownose chimaeras)

= Family Chimaeridae Rafinesque 1815 (shortnose chimaeras or
ratfishes)

* Family Rhinochimaeridae Garman 1901 (longnose chimaeras)
e C(lass Cladistii
o Order Polypteriformes
= Family Polypteridae Bonaparte 1835 (bichirs)

e (lass Actinopteri

0 Order Acipenseriformes

. Family Acipenseridae Bonaparte 1831 (sturgeons)

. Family Polyodontidae Bonaparte 1835 (paddlefishes)
0 Order Amiiformes

. Family Amiidae Bonaparte 1831 (bowfins)
0 Order Lepisosteiformes

. Family Lepisosteidae Agassiz 1832 (gars)
0 Order Hiodontiformes

. Family Hiodontidae Valenciennes 1847 (mooneyes)
0 Order Osteoglossiformes

= Family Pantodontidae Peters 1876 (freshwater butterfly fishes)
= Family Osteoglossidae Bonaparte 1845 (bonytongues)
* Family Arapaimidae Bonaparte 1846 (arapaimas)

= Family Notopteridae Bleeker 1851 (featherfin knifefishes or
featherbacks)
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. Subfamily Notopterinae Bleeker 1851 (Asiatic featherbacks)
. Subfamily Xenomystinae Greenwood 1963 (African
knifefishes)

* Family Mormyridae Bonaparte 1831 (elephantfishes)
= Family Gymnarchidae Bleeker 1859 (abas)

Order Elopiformes — 2 species reported from Indian waters

Elopiformes have well-developed gular plates, or extra bones in the throat
between the lower jaws, found only in some primitive bony fishes

= Family Elopidae Valenciennes 1847 (tenpounders and ladyfishes)

4 :
* — e -'_""<-
e - ,,‘.:_ _{x’?_ _H.\H,__

= Family Megalopidae Jordan & Gilbert 1883 (tarpons)

Order Albuliformes -1 species from WIO and 2 from EIO; The family is
small, with 11 species in 3 genera worldwide

Family Albulidae Bleeker 1849 (bonefishes)

Order Notacanthiformes- 10 species from WIO and 8 from EIO; they are
much more eel-like than the albuliforms; the caudal fin is not present

L2 "

= Family Halosauridae Giinther 1868 (halosaurs)

2

e
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= Family Notacanthidae Rafinesque 1810 (deepsea spiny eels)

AT

Halosaurus carinicauda (Alcock, 1889)-reported from Arabian Sea
0 Order Anguilliformes

= Family Chlopsidae Rafinesque 1815 (false morays) -5 species from
EIO

= Family Protanguillidae Johnson, Ida & Miya 2011 (primitive cave
eels)

= Family Synaphobranchidae Johnson 1862 (cutthroat eels)
. Subfamily Simenchelyinae Gill 1879 (pugnose parasitic eels)

. Subfamily Ilyophinae Jordan & Davis 1891 (arrowtooth eels
or mustard eels)

. Subfamily Synaphobranchinae Johnson 1862 (cutthroat eels)
o Suborder Anguilloidei

* Family Moringuidae Gill 1885 (spaghetti eels)- 4 species in India —
WIO, 2 species in EIO

* Family Anguillidae Rafinesque 1810 (freshwater eels)- 4 species in
India — WIO, 2 species in EIO

= Family Nemichthyidae Kaup 1859 (snipe eels or threadtail snipe
eels)-1 species in Indian waters
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= Family Serrivomeridae Trewavas 1932 (sawtooth eels)
* Family Cyematidae Regan 1912 (bobtail eels)
= Family Monognathidae Trewavas 1937 (onejaw gulpers)

= Family Neocyematidae Poulsen, Miller, Sado, Hanel, Tsukamoto &
Miya 2018 (orange bobtail eels)

* Family Eurypharyngidae Gill 1883 (gulper eels or pelican eels)

=  Family Saccopharyngidae Bleeker 1859 (swallower eels or whiptail
gulpers)

—

o Suborder Muraenoidei
* Family Heterenchelyidae Regan 1912 (mud eels)

Gill openings low on body. Origin of dorsal until over gill opening. Lateral
line absent.

*  Family Myrocongridae Gill 1890 (myroconger eels)
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Body compressed, moray-like; eye well developed; pectoral fin present;
lateral line restricted to a few pores at anterior-most end; posterior
nostril level with upper mar-gin of eye

. Family Muraenidae Rafinesque 1815 (moray eels) — 30 species in
India from WIO

. Subfamily Uropterygiinae Fowler 1925 (tailfin moray eels)
. Subfamily Muraeninae Rafinesque 1815 (morays)
o Suborder Congroidei

= Family Colocongridae Smith 1976 (shorttail eels) — I species from
WIO

* Family Derichthyidae Gill 1884 (longneck eels or narrowneck eels)

Head bearing a series of parallel striations that form part of a sensory system.
Pectorals present, pelvics absent; dorsal fin origin behind tip of pectorals.
Anus well behind midlength. Snout short in Derichthys and relatively long
in Nessorhamphus.

Family Ophichthidae Gilinther 1870 (snake eels and worm eels) - 15 species
in India from WIO

=  Subfamily Myrophinae Kaup 1856 (worm eels)
=  Subfamily Ophichthinae Giinther 1870 (snake eels)
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e Family Muraenesocidae Kaup 1859 (pike conger eels)
- 4 species in India WIO

Pike congers have cylindrical bodies, scaleless skin, narrow heads with large eyes, and strong
teeth. Their dorsal fins start above the well-developed pectoral fins. These rather aggressive
fish range from 60 to 250 cm

e Family Nettastomatidae Kaup 1859 (duckbill eels)

Duckbill eels are found along the continental slopes of tropical and temperate oceans
worldwide. They are bottom-dwelling fish, feeding on invertebrates and smaller
fish. They are slender eels, up to 125 centimetres (4.10 ft) in length, with narrow heads
and large, toothy, mouths. Most species lack pectoral fins.

e Family Congridae Kaup 1856 (conger eels)
The Congridae are the family of conger and garden eels. Congers are valuable and
often large food fishes, while garden eels live in colonies, all protruding from the sea
floor after the manner of plants in a garden (thus the name).2 The family includes
over 220 species in 32 genera

. Subfamily Congrinae Kaup 1856 (congers)
. Subfamily Bathymyrinae Bohlke 1949
. Subfamily Heterocongrinae Giinther 1870 (garden eels)

e Order Clupeiformes

Includesthe herring family, Clupeidae,andthe anchovy family, Engraulidae and sardin
es. The group includes many of the most important forage and food fish.

o Suborder Denticipitoidei
= Family Denticipitidae Clausen 1959 (denticle herrings)

o Suborder Clupeoidei
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= Family Spratelloididae Jordan 1925 (dwarf herrings or small round
herrings)

Spratelloididae is a small family of marine ray-finned fishes which
also includes the anchovies and herrings. The taxa in this family were
previously classified within the family Clupeidae but are now
considered to be a valid family.* One genus, Jenkinsia is found in the
Western Atlantic, the other, Spratelloides, in the Indian and Pacific
Oceans

= Family Engraulidae Gill 1861 (anchovies)
= Subfamily Coiliinae Bleeker 1872 (Old World anchovies)
= Subfamily Engraulinae Gill 1861 (anchovies)

* Family Clupeidae Cuvier 1816 (herrings and sprats)

* Family Chirocentridae Bleeker 1849 (wolf herrings)

* Family Dussumieriidae Gill 1861 (round herrings or rainbow
sardines)

= Family Pristigasteridae Bleeker 1872 (longfin herrings)
* Family Ehiravidae Deraniyagala 1929 (river sprats)
* Family Alosidae Svetovidov 1952 (shads and sardines)

* Family Dorosomatidae Gill 1861 (thread herrings or gizzard shads
and sardinellas)

e Order Alepocephaliformes

o Family Alepocephalidae Bonaparte 1846 (slickheads)

o Family Platytroctidae Koefoed 1927 (tubeshoulders)
e Order Gonorynchiformes

o Family Chanidae Giinther 1868 (milkfishes)

o Family Gonorynchidae Fowler 1941 (1848) (beaked sandfishes)

o Family Kneriidae Giinther 1868 (shellears)

o Family Phractolaemidae Boulenger 1901 (snake mudheads)
e Order Cypriniformes

o Suborder Gyrinocheiloidei

= Family Gyrinocheilidae Gill 1907 (algae eaters)
o Suborder Catostomoidei

= Family Catostomidae Agassiz 1850 (suckers)
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Subfamily Myxocyprininae Fowler 1958 (Chinese suckers)
Subfamily Cycleptinae Gill 1861 (blue suckers)
Subfamily Ictiobinae Bleeker 1863 (carpsuckers and buffalos)

Subfamily Catostominae Agassiz 1850 (suckers)

0 Suborder Cobitoidei

Family Botiidae Berg 1940 (pointface loaches)

Subfamily Leptobotiinae Nalbant 2002 (Chinese pointface
loaches)

Subfamily Botiinae Berg 1940 (beautiful loaches)

Family Vaillantellidae Nalbant & Banarescu 1977 (longfin loaches)

Family Cobitidae Swainson 1838 (spined loaches)

Family Barbuccidae Kottelat 2012 (scooter loaches)

Family Gastromyzontidae Fowler 1905 (hillstream loaches)

Family Serpenticobitidae Kottelat 2012 (snake loaches)

Family Balitoridae Swainson 1839 (river loaches)

Family Ellopostomatidae Bohlen & Slechtova 2009 (square-head
loaches)

Family Nemacheilidae Regan 1911 (brook loaches)

o Suborder Cyprinoidei

Family Paedocyprididae Mayden & Chen 2010 (tiny carps)

Family Psilorhynchidae Hora 1926 (mountain carps)

Family Cyprinidae Rafinesque 1815 (carps)

Subfamily Labeoninae Bleeker 1859 (labeonines)

Subfamily Probarbinae Yang et al. 2015 (primitive cyprinids)
Subfamily Torinae Karaman 1971 (large barbs)

Subfamily Smiliogastrinae Bleeker 1863 (small barbs)
Subfamily Cyprininae Rafinesque 1815 (carps)

Subfamily Acrossocheilinae Yang et al. 2015 (East Asian
barbs)

Subfamily Barbinae Bleeker 1859 (barbels)

Subfamily Spinibarbinae Yang et al. 2015 (spine barbs)
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= Subfamily Schizothoracinae McClelland 1842 (snow barbels)
* Subfamily Schizopygopsinae Mirza 1991 (mountain barbels)
* Family Sundadanionidae Mayden & Chen 2010 (tiny danios)
= Family Danionidae Bleeker 1863 (danionids)
= Subfamily Chedrinae Blecker 1863 (troutbarbs)
= Subfamily Rasborinae Giinther 1868 (rasborines)
= Subfamily Danioninae Bleeker 1863 (danionines)
* Subfamily Esominae Tan & Armbruster 2018 (flying barbs)
= Family Leptobarbidae Bleeker 1864 (cigar barbs)

= Family Xenocyprididae Giinther 1868 (East Asian minnows or
sharpbellies)

* Family Tincidae Jordan 1878 (tenches)

= Family Acheilognathidae Bleeker 1863 (bitterlings)

= Family Gobionidae Bleeker 1863 (freshwater gudgeons)

* Family Tanichthyidae Mayden & Chen 2010 (mountain minnows)
= Family Leuciscidae Bonaparte 1835 (minnows)

= Subfamily Pseudaspininae Bogutskaya 1990 (Far East Asian
leuciscines)

= Subfamily Laviniinae Bleeker 1863 (western chubs)
= Subfamily Plagopterinae Cope 1874 (creek chubs)
= Subfamily Leuciscinae Bonaparte 1835 (leuciscines)
= Subfamily Phoxininae Bleeker 1863 (phoxinines)
=  Subfamily Pogonichthyinae Girard 1858 (minnows & shiners)
Order Gymnotiformes
o Family Apteronotidae Jordan 1923 (ghost knifefishes)

= Subfamily Sternarchorhamphinae Albert 2001 (longsnout
knifefishes)

= Subfamily Apteronotinae Jordan 1923 (ghost knifefishes)
o Family Sternopygidae Cope 1871 (glass knifefishes)
= Subfamily Sternopyginae Cope 1871 (rattail knifefishes)
= Subfamily Eigenmanniinae Mago-Leccia 1978 (glass knifefishes)
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o Family Gymnotidae Rafinesque 1815 (gymnotid eels)

= Subfamily Electrophorinae Gill 1872 (electric eels)

* Subfamily Gymnotinae Rafinesque 1815 (nakedback knifefishes)
o Family Hypopomidae Eigenmann 1912 (bluntnose knifefishes)
o Family Rhamphichthyidae Regan 1911 (painted knifefishes)

Order Characiformes

o Suborder Citharinoidei
* Family Citharinidae Giinther 1864 (citharinids)
= Family Distichodontidae Giinther 1864 (distichodontids)
o Suborder Characoidei
= Family Crenuchidae Giinther 1864 (crenuchids)
= Subfamily Crenuchinae Giinther 1864 (sailfin tetras)

* Subfamily Characidiinae Fowler 1932 (South American
darters)

= Family Alestidae Cockerell 1910 (African tetras)
= Family Lepidarchidae Melo & Stiassny 2024
= Family Hepsetidae Hubbs 1939 (African pikes)

* Family Tarumaniidae de Pinna, Zuanon, Rapp Py-Daniel & Petry
2017 (muckfishes)

* Family Erythrinidae Valenciennes 1847 (trahiras)

= Family Parodontidae Eigenmann 1910 (darter tetras)

* Family Cynodontidae Eigenmann 1903 (sabertoothed characids)
= Family Serrasalmidae Bleeker 1859 (piranhas and allies)

= Subfamily Colossomatinae Kolmann et al. 2021 (lowland
pacus)

=  Subfamily Myleinae Eigenmann 1903 (upland pacus)
= Subfamily Serrasalminae Bleeker 1859 (piranhas)

* Family Hemiodontidae Bleeker 1859 (hemiodontids)

* Family Anostomidae Giinther 1864 (toothed headstanders)

= Family Chilodontidae Eigenmann 1903 (headstanders)

* Family Curimatidae Gill 1858 (toothless characiforms)
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Family Prochilodontidae Eigenmann 1909 (bocachicos)
Family Lebiasinidae Gill 1889 (lebiasinids)
= Subfamily Lebiasininae Gill 1889 (lebiasinas)

= Subfamily Pyrrhulininae Bleeker 1859 (splashing tetras and
pencilfishes)

Family Ctenoluciidae Schultz 1944 (pike characids)

Family Chalceidae Fowler 1958 (tucanfishes)

Family Triportheidae Fowler 1940 (hatchet characins)
=  Subfamily Triportheinae Fowler 1940 (keeled characines)
= Subfamily Agoniatinae Bleeker 1859 (anchovy characines)

= Subfamily Clupeacharacinae Fowler 1958 (herring
characines)

Family Gasteropelecidae Bleeker 1859 (freshwater hatchetfishes)
Family Bryconidae Eigenmann 1912 (bryconids)

= Subfamily Bryconinae Eigenmann 1912 (bryconines)

= Subfamily Salmininae Cockerell 1915 (dorados)
Family Iguanodectidae Eigenmann 1909 (iguanodectids)

Family Acestrorhynchidae Eigenmann 1912 (freshwater barracudas
and biting tetras)

= Subfamily Acestrorhynchinae Eigenmann 1912 (freshwater
barracudas)

= Subfamily Roestinae Lucena & Menezes 1998 (biting tetras)
= Subfamily Heterocharacinae Géry 1966 (small biting tetras)
Family Spintherobolidae Mirande 2019 (piquiras)
Family Stevardiidae Gill 1858 (stevardiids)

* Subfamily Landoninae Weitzman & Menezes 1998 (caudal sac
characins)

= Subfamily Xenurobryconinae Myers &  Bohlke 1956
(xenurobryconines)

= Subfamily Glandulocaudinae Eigenmann 1914  (chirping
tetras)

* Subfamily Argopleurinae Melo & Oliveira 2024 (Andean
tetras)
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Subfamily Hemibryconinae Géry 1966 (hemibryconines)
Subfamily Stevardiinae Gill 1858 (stevardiines)

Subfamily Planaltininae Oliveira & Souza 2024 (Brazilian
Shield tetras)

Subfamily Creagrutinae Miles 1943 (creagrutines)

Subfamily Diapominae Eigenmann 1909

= Family Characidae Latreille 1825 (characids)

Subfamily Aphyocharacinae Eigenmann 1909 (glass
characins)

Subfamily Cheirodontinae Eigenmann 1915 (cheirodontines)

Subfamily Exodontinae Fowler 1958 (lepidophagous
characins)

Subfamily Tetragonopterinae Gill 1858

Subfamily Characinae Latreille 1825 (characines)

= Family Acestrorhamphidae Eigenmann 1907 (American tetras)

Subfamily Oxybryconinae Melo, Mattox & Oliveira 2024

Subfamily Trochilocharacinae Zarske 2010 (hummingbird
characins)

Subfamily Stygichthyinae Géry 1972

Subfamily Megalamphodinae Carvalho, Lima & Melo 2024
(red tetras)

Subfamily Stichonodontinae Eigenmann 1910

Subfamily Stethaprioninae Eigenmann 1907 (discus tetras)
Subfamily Pristellinae Géry & Boutiére 1964

Subfamily Jupiabinae Benine & Ota 2024

Subfamily Tyttobryconinae Mattox & Melo 2024

Subfamily Hyphessobryconinae Lima, Carvalho & Faria 2024
(multicusp characins)

Subfamily Thayeriinae Ota, Reia & Benine 2024
Subfamily Rhoadsiinae Fowler 1911 (Pacific characins)
Subfamily Grundulinae Fowler 1958

Subfamily Acestrorhamphinae Eigenmann 1907
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= Family Characids incertae sedis
Order Siluriformes
o Suborder Diplomystoidei
= Family Diplomystidae Eigenmann 1890 (diplomystid catfishes)
o Suborder Cetopsoidei
= Family Cetopsidae Bleeker 1858 (cetopsid catfishes)
= Subfamily Cetopsinae Bleeker 1858 (whalelike catfishes)
= Subfamily Helogeninae Regan 1911 (marbled catfishes)
o Suborder Loricarioidei
= Family Nematogenyidae Bleeker 1862 (mountain catfishes)
* Family Trichomycteridae Bleeker 1858 (pencil catfishes)

= Subfamily Copionodontinae de Pinna 1992 (Chapada pencil
catfishes)

= Subfamily Trichogeninae Isbriicker 1986 (longfin pencil
catfishes)

= Subfamily Trichomycterinae Bleeker 1858 (pencil catfishes)

* Subfamily Microcambevinae Costa, Henschel & Katz 2020
(Atlantic Forest trichomycterids)

= Subfamily Glanapteryginae Myers 1944 (miniature pencil
catfishes)

* Subfamily Sarcoglanidinae Myers &  Weitzman 1966
(psammophilic catfishes)

* Subfamily Tridentinae Eigenmann 1918 (tiny pencil catfishes)
= Subfamily Stegophilinae Giinther 1864 (parasitic catfishes)

= Subfamily Vandelliinae Bleeker 1862 (hematophagous
catfishes)

= Family Callichthyidae Bonaparte =~ 1835  (callichthyid  armored
catfishes)

= Subfamily Callichthyinae Bonaparte 1835 (callichthyines)
* Subfamily Corydoradinae Hoedeman 1952 (corys)

= Family Loricariidae Rafinesque = 1815  (suckermouth  armored
catfishes)

= Subfamily Lithogeninae Gosline 1947 (climbing armored
catfishes)
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* Subfamily Delturinae Reis, Pereira & Armbruster 2006
(primitive suckermouth catfishes)

= Subfamily Rhinelepinae Armbruster 2004 (rhinelepine plecos)
= Subfamily Loricariinae Rafinesque 1815 (mailed catfishes)

= Subfamily Hypoptopomatinae Eigenmann & Eigenmann 1890
(cascudinhos)

= Subfamily Hypostominae Kner 1853 (suckermouth catfishes)
Family Scoloplacidae Bailey & Baskin 1976 (spiny dwarf catfishes)
Family Astroblepidae Blecker 1862 (climbing catfishes)

o Suborder Siluroidei

Family Chacidae Bleeker 1858 (squarehead or angler catfishes)
Family Plotosidae Bleeker 1858 (eeltail catfishes)
Family Ritidae Bleeker 1862 (velvet catfishes)
Family Ailiidae Bleeker 1858 (Asian schilbeids)
Family Horabagridae Jayaram 2006 (imperial catfishes)
Family Bagridae Bleeker 1858 (bagrid catfishes)
Family AKkysidae Gill 1861 (stream catfishes)
= Subfamily Akysinae Gill 1861 (wasp catfishes)
= Subfamily Parakysinae Roberts 1989 (warty catfishes)
Family Amblycipitidae Day 1873 (torrent catfishes)
Family Sisoridae Bleeker 1858 (sisorid catfishes)
= Subfamily Sisorinae Bleeker 1858 (Asian stream catfishes)
=  Subfamily Glyptosterninae Gill 1861 (Asian sucker catfishes)
Family Pangasiidae Bleeker 1858 (pangasid catfishes)
Family Siluridae Rafinesque 1815 (sheatfishes)

Family Kryptoglanidae Britz, Kakkassery & Raghavan 2014 (Indian
cave catfishes)

Family Aspredinidae Adams 1854 (banjo catfishes)

= Subfamily Pseudobunocephalinae Carvalho, Arce H., Reis &
Sabaj 2018 (terminal-mouth banjo catfishes)

= Subfamily Hoplomyzontinae Fernandez-Yépez 1950 (small
banjo catfishes)
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= Subfamily Aspredininae Adams 1854 (banjo cats)
= Family Auchenipteridae Bleeker 1862 (intromittant catfishes)

= Subfamily Centromochlinae Bleeker 1862 (dimorphic
intromittant catfishes)

= Subfamily Auchenipterinae Bleeker 1862 (driftwood
catfishes)

* Family Doradidae Bleeker 1858 (thorny catfishes)
= Subfamily Acanthodoradinae Sabaj & Mariangeles 2021

= Subfamily Astrodoradinae Higuchi, Birindelli, Sousa &
Britski 2007 (spotted thorny cats)

= Subfamily Wertheimerinae Birindelli 2014 (Eastern Brazil
thorny cats)

= Subfamily Agamyxinae Sabaj & Mariangeles 2021
= Subfamily Rhinodoradinae Sabaj & Mariangeles 2021

* Subfamily Doradinae Bleeker 1858 (fimbriate-barbel thorny
cats)

= Family Heptapteridae Gill 1861 (seven-finned catfishes)
= Subfamily Rhamdiinae Bleeker 1862 (whiskered catfishes)

= Subfamily Heptapterinae Gill 1861 (slender whiskered
catfishes)

* Family Phreatobiidae Reichel 1927 (cistern catfishes)
* Family Pimelodidae Bonaparte 1835 (long-whiskered catfishes)

* Family Pseudopimelodidae Fernandez-Yépez &  Anton 1966
(bumblebee catfishes)

* Subfamily Pseudopimelodinae Fernandez-Yépez &  Anton
1966

= Subfamily Batrochoglaninae Shibatta & Silva 2021 (frog
catfishes)

* Family Clariidae Bonaparte 1845 (airbreathing or labyrinth catfishes)
= Family Heteropneustidae Hora 1936 (airsac catfishes)
* Family Ariidae Bleeker 1858 (sea catfishes)

* Subfamily Galeichthyinae Acero &  Betancur-R. 2007
(bearded sea catfishes)

= Subfamily Ariinae Bleeker 1858
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= Subfamily Bagreinae Schultz 1944 (whiskered sea catfishes)
Family Anchariidae Glaw & Vences 1994 (Malagasy catfishes)
Family Austroglanididae Mo 1991 (rock catlets)
Family Cranoglanididae Myers 1931 (armorhead catfishes)
Family Ictaluridae Gill 1861 (North American freshwater catfishes)

Family Lacantuniidae Rodiles-Hernandez, Hendrickson & Lundberg
2005 (Lacantun catfishes or Chiapas catfishes)

Family Amphiliidae Regan 1911 (loach catfishes)
= Subfamily Amphiliinae Regan 1911 (amphiliine catfishes)
= Subfamily Leptoglaninae Roberts 2003 (sand catlets)
= Subfamily Doumeinae Regan 1911 (doumeine catfishes)
Family Malapteruridae Bleeker 1858 (electric catfishes)

Family Mochokidae Regan 1912 (squeakers and upside-down
catfishes)

= Subfamily Chiloglanidinae Vigliotta 2008 (African
suckermouths)

= Subfamily Mochokinae Regan 1912 (squeakers)
Family Auchenoglanididae Jayaram 1966 (flatnose catfishes)
Family Claroteidae Bleeker 1862 (grunter catfishes)
Family Schilbeidae Bleeker 1858 (schilbeid catfishes)

e Order Lepidogalaxiiformes

o Family Lepidogalaxiidae Rosen 1974 (salamanderfishes)

e Order Argentiniformes

(0]

o

(o)

(0]

Family Argentinidae Bonaparte 1846 (argentines)

Family Opisthoproctidae Schmidt 1918 (spookfishes or barreleyes)

Family Microstomatidae Blecker 1859 (pencilsmelts)

Family Bathylagidae Gill 1884 (deepsea smelts)

o Order Salmoniformes

0 Suborder Salmonoidei

Family Salmonidae Cuvier 1816 (salmonids)

= Subfamily Coregoninae Bonaparte 1845 (whitefishes)
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= Subfamily Thymallinae Gill 1885 (graylings)

= Subfamily Salmoninae Cuvier 1816 (salmons, trouts, chars and
allies)

o Suborder Esocoidei
= Family Esocidae Rafinesque 1815 (pikes)
= Subfamily Dalliinae Jordan 1885 (blackfishes)
= Subfamily Esocinae Rafinesque 1815 (pikes)
= Family Umbridae Bonaparte 1845 (mudminnows)
e Order Galaxiiformes
o Family Galaxiidae Miiller 1845 (galaxiids)
= Subfamily Aplochitoninae Giinther 1864 (peladillas)
= Subfamily Galaxiinae Miiller 1845 (white bait and mudfishes)
e Order Osmeriformes
o Suborder Retropinnoidei
= Family Retropinnidae Gill 1862 (New Zealand smelts)
= Subfamily Retropinninae Gill 1862 (southern smelts)
= Subfamily Prototroctinae Hubbs 1952 (southern graylings)
o Suborder Osmeroidei
*  Family Osmeridae Regan 1913 (smelts)
= Family Plecoglossidae Bleeker 1859 (ayu fishes)
= Family Salangidae Bleeker 1859 (icefishes or noodlefishes)
e Order Stomiiformes
o Family Gonostomatidae Cocco 1838 (bristlemouths)
o Family Sternoptychidae Duméril 1805 (marine hatchetfishes)
= Subfamily Maurolicinae Gill 1885
=  Subfamily Sternoptychinae Duméril 1805 (marine hatchetfishes)
o Family Stomiidae Bleeker 1859 (dragonfishes or barbeled dragonfishes)
= Subfamily Chauliodontinae Bonaparte 1845 (viperfishes)

= Subfamily Stomiinae Bleeker 1859  (scaly dragonfishes and
lightfishes)

= Subfamily Astronesthinae Giinther 1864 (snaggletooths)
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= Subfamily Melanostomiinae Parr 1927 (scaleless black dragonfishes)
= Subfamily Malacosteinae Gill 1890 (loosejaws)
* Subfamily Idiacanthinae Gill 1893 (black dragonfishes)
e Order Ateleopodiformes
o Family Ateleopodidae Bonaparte 1850 (jellynose fishes)
e Order Aulopiformes
o Family Aulopidae Bonaparte 1831 (flagfins)
o Family Chlorophthalmidae Garman 1899 (greeneyes)
o Family Paraulopidae Sato & Nakabo 2002 (cucumber fishes)
o Family Ipnopidae Gill 1884 (deepsea tripodfishes)

o Family Bathysauroididae Sato & Nakabo 2002 (largescale deepsea
lizardfishes)

o Family Scopelarchidae Alcock 1896 (pearleyes)
o Family Notosudidae Parr 1928 (paperbones or waryfishes)
o Family Giganturidae Brauer 1906 (telescopefishes)
o Family Synodontidae Gill 1861 (lizardfishes)

= Subfamily Synodontinae Gill 1861 (lizardfishes)

= Subfamily Harpadontinae Bleeker 1875 (Bombay ducks)
o Family Bathysauridae Fowler 1944 (deepsea lizardfishes)
o Family Paralepididae Bonaparte 1835 (barracudinas)
o Family Anotopteridae Zugmayer 1911 (daggertooths)
o Family Evermannellidae Fowler 1901 (sabertooth fishes)
o Family Omosudidae Regan 1911 (hammerjaws)
o Family Alepisauridae Swainson 1839 (lancetfishes)

o Family Pseudotrichonotidae Yoshino & Araga 1975 (sand-diving
lizardfishes)

o Order Myctophiformes
o Family Neoscopelidae Jordan 1901 (blackchins)
o Family Myctophidae Gill 1893 (lanternfishes)
= Subfamily Gymnoscopelinae Paxton 1972 (luminous lanternfishes)

= Subfamily Notolychninae Paxton 1972 (topside lanternfishes)
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= Subfamily Lampanyctinae Paxton 1972 (toothy lampfishes)
= Subfamily Diaphinae Paxton 1972 (headlightfishes)
=  Subfamily Myctophinae Gill 1893 (lanternfishes)

e Order Lampriformes

(0]

(0]

(0]

0

(0]

(0]

Family Lampridae Gill 1862 (opahs)

Family Veliferidae Bleeker 1859 (velifers)

Family Lophotidae Bonaparte 1845 (crestfishes)

Family Radiicephalidae Osorio 1917 (tapertails)

Family Trachipteridae Swainson 1839 (ribbonfishes or dealfishes)
Family Regalecidae Gill 1884 (oarfishes)

e Order Polymixiiformes

(0]

Family Polymixiidae Bleeker 1859 (beardfishes)

e Order Percopsiformes

(0]

0

(0]

Family Percopsidae Agassiz 1850 (trout-perches)
Family Aphredoderidae Bonaparte 1845 (pirate perches)
Family Amblyopsidae Bonaparte 1845 (cavefishes)

o Order Zeiformes

(0]

]

Family Zeidae Rafinesque 1815 (dories)
Family Cyttidae Giinther 1860 (lookdown dories)
Family Oreosomatidae Bleeker 1859 (oreos)
= Subfamily Pseudocyttinae Tyler, O'Toole & Winterbottom 2003
* Subfamily Oreosomatinae Bleeker 1859
Family Parazenidae McAllister 1968 (smooth dories)
= Subfamily Parazeninae McAllister 1968
= Subfamily Cyttopsinae no valid family-group name description
Family Zeniontidae Myers 1960 (dwarf dories or armoreye dories)
Family Grammicolepididae Poey 1873 (tinselfishes)
= Subfamily Macrurocyttinae Myers 1960
= Subfamily Grammicolepidinae Poey 1873

82



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

e Order Gadiformes
o Suborder Stylephoroidei
* Family Stylephoridae Swainson 1839 (tube-eyes or threadtails)
o Suborder Bregmacerotoidei
= Family Bregmacerotidae Gill 1872 (codlets)
o Suborder Gadoidei
* Family Phycidae Swainson 1838 (phycid hakes)
* Family Gaidropsaridae Jordan & Evermann 1898 (rocklings)
= Family Lotidae Bonaparte 1835 (hakes and burbots)
* Family Gadidae Rafinesque 1810 (cods and haddocks)
o Suborder Ranicipitoidei
= Family Ranicipitidae Bonaparte 1835 (tadpole fishes)
o Suborder Merluccioidei
= Family Merlucciidae Rafinesque 1815 (merlucciid hakes)
o Suborder Macrouroidei
* Family Euclichthyidae Cohen 1984 (Eucla cods)
= Family Muraenolepididae Regan 1903 (eel cods)
* Family Melanonidae Goode & Bean 1896 (arrowtails or pelagic cods)
= Family Trachyrincidae Goode & Bean 1896 (armoured grenadiers)
* Family Moridae Moreau 1881 (codlings or deepsea cods)
* Family Macruronidae Regan 1903 (blue grenadiers)
= Family Lyconidae Giinther 1887 (Atlantic hakes)
= Family Bathygadidae Jordan & Evermann 1898 (rattails)
* Family Steindachneriidae Parr 1942 (luminous hakes)
= Family Macrouridae Bonaparte 1831 (grenadiers or rattails)
e Order Trachichthyiformes
o Family Diretmidae Gill 1893 (spinyfins)
o Family Monocentridae Gill 1859 (pinecone fishes)
o Family Anomalopidae Gill 1889 (flashlightfishes or lanterneye fishes)
o Family Trachichthyidae Blecker 1856 (roughies or slimeheads)
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Family Anoplogastridae Gill 1893 (fangtooths)

e Order Beryciformes

(o)

(0]

(0]

Suborder Holocentroidei

= Family Holocentridae Bonaparte 1833 (squirrelfishes and
soldierfishes)

= Subfamily Holocentrinae Bonaparte 1833 (squirrelfishes)
= Subfamily Myripristinae Nelson 1955 (soldierfishes)
Suborder Berycoidei
= Family Berycidae Lowe 1839 (berycids or alfonsinos)
= Family Melamphaidae Gill 1893 (bigscales)
Suborder Stephanoberycoidei
= Family Stephanoberycidae Gill 1884 (pricklefishes)
» Family Hispidoberycidae Kotlyar 1981 (spiny-scale pricklefishes)
* Family Gibberichthyidae Parr 1933 (gibberfishes)
= Family Rondeletiidae Goode & Bean 1895 (redmouth whalefishes)
= Family Barbourisiidae Parr 1945 (redvelvet whalefishes)

* Family Cetomimidae Goode & Bean 1895 (whalefishes or flabby
whalefishes)

e Order Ophidiiformes

(0)

(0]

(o)

Family Acanthonidae Wong & Chen 2024 (deepsea cusk-eels)
Family Brotulidae Swainson 1838 (bearded cusk-eels)
Family Ophidiidae Rafinesque 1810 (cusk-eels)

= Subfamily Brotulotaeniinae Cohen & Nielsen 1978 (prickle
cusk-eels)

= Subfamily Ophidiinae Rafinesque 1810 (true cusk-eels)
= Subfamily Neobythitinae Radcliffe 1913
Family Carapidae Poey 1867 (pearlfishes)
= Subfamily Carapinae Poey 1867 (fierasfers)
= Subfamily Pyramodontinae Smith 1955 (pyramodontines)

* Subfamily Tetragondacninae Anderson & Satria 2007
(square-mouthed pearlfishes)

= Subfamily Hypopleuroninae Prokofiev 2004 (whiptail pearlfishes)
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o Family Bythitidae Gill 1861 (viviparous brotulas)

o Family Dinematichthyidae Whitley 1928 (dwarf brotulas)

o Order Batrachoidiformes

o Family Batrachoididae Jordan 1896 (toadfishes)

Subfamily Porichthyinae Miranda Ribeiro 1915

Subfamily Thalassophryninae Miranda Ribeiro 1915 (venomous
toadfishes)

Subfamily Batrachoidinae Jordan 1896

Subfamily Halophryninae Greenfield, Winterbottom & Collette 2008
(Old World threespine toadfishes)

o Order Gobiiformes

o Suborder Apogonoidei

Family Kurtidae Bleeker 1859 (nurseryfishes)
Family Apogonidae Giinther 1859 (cardinalfishes)
= Subfamily Apogoninae Giinther 1859
* Subfamily Pseudamiinae Smith 1954
* Subfamily Amioidinae Fraser & Mabuchi 2014
= Subfamily Paxtoninae Fraser & Mabuchi 2014

o Suborder Trichonotoidei

Family Trichonotidae Giinther 1861 (sand divers)

0o Suborder Gobioidei

Family Rhyacichthyidae Jordan 1905 (loach gobies)
Family Odontobutidae Hoese & Gill 1993 (Asian freshwater sleepers)
Family Eleotridae Bonaparte 1835 (sleepers)

* Subfamily Butinae Bleeker 1874 (gudgeons)

= Subfamily Eleotrinae Bonaparte 1835 (spinycheek sleepers or
bullies)

= Subfamily Milyeringinae Whitley 1945 (cave gudgeons)
Family Xenisthmidae Miller 1973 (collared wrigglers)
Family Oxudercidae Giinther 1861 (mudskippers and allies)

*  Subfamily Oxudercinae Giinther 1861 (mudskippers)
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= Subfamily Amblyopinae Giinther 1861 (mudburrowing
gobies)

= Subfamily Gobionellinae Blecker 1874 (estuarine gobies)
*  Subfamily Sicydiinae Gill 1860 (rock-climbing gobies)

= Family Gobiidae Cuvier 1816 (gobies)
= Subfamily Kraemeriinae Whitley 1935 (1911) (sand darts)
= Subfamily Ptereleotrinae Bleeker 1875 (dart-gobies)
= Subfamily Gobiinae Cuvier 1816 (sea gobies)
= Subfamily Microdesminae Regan 1912 (wormfishes)

= Family Thalasseleotrididae Gill & Mooi 2012 (ocean sleepers)

Order Syngnathiformes
o Suborder Dactylopteroidei
= Family Pegasidae Bonaparte 1831 (seamoths)

* Family Dactylopteridae Gill 1861 (helmet gurnards or flying
gurnards)

o Suborder Mulloidei
* Family Mullidae Rafinesque 1815 (goatfishes)
o Suborder Callionymoidei
= Family Callionymidae Bonaparte 1831 (dragonets)
* Family Draconettidae Jordan & Fowler 1903 (slope dragonets)
o Suborder Syngnathoidei
* Family Aulostomidae Rafinesque 1815 (trumpetfishes)
* Family Fistulariidae Stark 1828 (cornetfishes)
= Family Centriscidae Bonaparte 1831 (snipefishes or shrimpfishes)
=  Subfamily Macroramphosinae Bleeker 1879 (snipefishes)
= Subfamily Centriscinae Bonaparte 1831 (shrimpfishes)
* Family Solenostomidae Nardo 1843 (ghost pipefishes)
= Family Syngnathidae Bonaparte 1831 (pipefishes and seahorses)
= Subfamily Nerophinae Kaup 1853 (trunk-brooding pipefishes)

= Subfamily Syngnathinae Bonaparte 1831  (tail-brooding
pipefishes)
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o Order Scombriformes

o Suborder Stromateoidei

Family Amarsipidae Haedrich 1969 (bagless glassfishes or amarsipas)
Family Centrolophidae Bonaparte 1846 (medusafishes)

Family Nomeidae Giinther 1860 (driftfishes)

Family Tetragonuridae Risso 1827 (squaretails)

Family Ariommatidae Haedrich 1967 (ariommas or ariommatids)

Family Stromateidae Rafinesque 1810 (butterfishes)

0o Suborder Scombroidei

Family Pomatomidae Gill 1863 (bluefishes)

Family Icosteidae Jordan & Gilbert 1880 (ragfishes)

Family Arripidae Gill 1893 (Australian salmons)

Family Chiasmodontidae Jordan & Gilbert 1883 (swallowers)

Family Scombridae Rafinesque 1815 (mackerels, tunas and bonitos)
= Subfamily Gasterochismatinae Poey 1869 (kingfishes)
* Subfamily Scombrinae Rafinesque 1815 (mackerels)

Family Caristiidae Gill & Smith 1905 (manefishes)

Family Bramidae Bonaparte 1831 (pomfrets)

Family Scombrolabracidae Fowler 1925 (longfin escolars or black
mackerels)

Family Gempylidae Gill 1862 (snake mackerels)
Family Trichiuridae Rafinesque 1810 (cutlassfishes)
= Subfamily Aphanopodinae Gill 1863 (frostfishes)
= Subfamily Lepidopodinae Gill 1863 (scabbardfishes)

= Subfamily Trichiurinae Rafinesque 1810 (hairtails)

e Order Synbranchiformes

0 Suborder Mastacembeloidei

Family Mastacembelidae Swainson 1839 (freshwater spiny-eels)

Family Chaudhuriidae Annandale 1918 (earthworm eels)

0 Suborder Indostomoidei

Family Indostomidae Prashad & Mukerji 1929 (armored sticklebacks)
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o Suborder Synbranchoidei

* Family Synbranchidae Bonaparte 1835 (swamp eels)

o Order Anabantiformes

0 Suborder Anabantoidei

= Family Anabantidae Bonaparte 1831 (climbing gouramies)

* Family Helostomatidae Gill 1872 (kissing gouramies)

* Family Osphronemidae van der Hoeven 1832 (gouramies)

Subfamily Belontiinae Liem 1962 (combtail gouramies)

Subfamily Osphroneminae van der Hoeven 1832 (giant
gouramies)

Subfamily Luciocephalinae Bleeker 1852  (spiral  egg
gouramies)

Subfamily Trichogastrinae Bleeker 1879 (threadfishes)

Subfamily Macropodusinae Hoedeman 1948 (paradise fishes
and fighting fishes)

0o Suborder Channoidei

* Family Aenigmachannidae Britz, Dahanukar, Anoop, Philip, Clark,
Raghavan & Riiber 2020 (Gollum snakehead fishes)

* Family Channidae Fowler 1934 (1831) (snakeheads)

0 Suborder Nandoidei

* Family Nandidae Bleeker 1852 (Asian leaffishes)

= Family Badidae Barlow, Liem & Wickler 1968 (chameleon fishes)

= Family Pristolepididae Regan 1913 (mudperches)

e Order Carangiformes

o Suborder Centropomoidei

= Family Latidae Jordan 1888 (giant perches)

* Family Centropomidae Poey 1967 (snooks)

= Family Lactariidae Boulenger 1904 (false trevallies)

* Family Sphyraenidae Rafinesque 1815 (barracudas)

0 Suborder Pleuronectoidei

= Family Polynemidae Rafinesque 1815 (threadfins or tassel-fishes)

* Family Psettodidae Regan 1910 (spiny turbots)
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= Family Citharidae de Buen 1935 (largescale flounders)
= Family Scophthalmidae Chabanaud 1933 (turbots)

= Family Cyclopsettidae Campbell et al. 2019 (sand whiffs or
large-tooth flounders)

= Family Bothidae Smitt 1892 (lefteye flounders)
* Family Paralichthyidae Regan 1910 (sand flounders)
* Family Pleuronectidae Rafinesque 1815 (righteye flounders)
= Subfamily Atheresthinae Vinnikov, Thomson & Munroe 2018

= Subfamily Pleuronichthyinae Vinnikov, Thomson & Munroe
2018

= Subfamily Microstominae Cooper &  Chapleau 1998
(smallmouth flounders)

= Subfamily Hippoglossinae Gill 1864 (halibuts)

= Subfamily Pleuronectinae Rafinesque 1815 (true flounders)
* Family Paralichthodidae Regan 1920 (peppered flounders)
= Family Oncopteridae Jordan & Goss 1889 (remo flounders)
= Family Rhombosoleidae Regan 1910 (South Pacific flounders)

= Family Achiropsettidae Heemstra 1990 (southern flounders or
armless flounders)

* Family Achiridae Rafinesque 1815 (American soles)

* Family Samaridae Jordan & Goss 1889 (crested flounders)
= Family Poecilopsettidae Norman 1934 (bigeye flounders)
= Family Soleidae Bonaparte 1833 (soles)

= Family Cynoglossidae Jordan 1888 (tonguefishes)

* Subfamily Symphurinae Ochiai 1963 (straightsnout tongue
soles)

= Subfamily Cynoglossinae Jordan 1888 (hookedsnout tongue
soles)

o Suborder Toxotoidei
= Family Leptobramidae Ogilby 1913 (beachsalmons)
= Family Toxotidae Bleeker 1859 (archerfishes)
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o Suborder Nematistioidei

= Family Nematistiidae Gill 1862 (roosterfishes)
o Suborder Menoidei

= Family Menidae Fitzinger 1873 (moonfishes)

= Family Xiphiidae Rafinesque 1815 (swordfishes)

* Family Istiophoridae Rafinesque 1815 (billfishes and marlins)
o Suborder Carangoidei

* Family Carangidae Rafinesque 1815 (jacks or jack mackerels)

= Subfamily Naucratinae Bleeker 1859 (amberjacks)

= Subfamily Caranginae Rafinesque 1815 (trevallies and
kingfishes)

=  Subfamily Scomberoidinae Jordan & Gilbert 1883
(leatherjackets and queenfishes)

= Subfamily Trachinotinae Gill 1861 (pompanos)
= Family Echeneidae Rafinesque 1810 (remoras and sharksuckers)
= Family Rachycentridae Gill 1896 (cobias)
= Family Coryphaenidae Rafinesque 1815 (dolphinfishes)
Order Atheriniformes
o Family Atherinidae Risso 1827 (Old World silversides)

* Subfamily Atherinomorinae Dyer & Chernoff 1996 (tropical
silversides)

= Subfamily Atherininae Risso 1827 (silversides)
= Subfamily Craterocephalinae Dyer & Chernoff 1996 (hardyheads)

* Subfamily Bleheratherininae Aarn &  Ivantsoff 2009 (New
Caledonian silversides)

o Family Bedotiidae Jordan & Hubbs 1919 (Malagasy rainbowfishes)
o Family Melanotaeniidae Gill 1894 (rainbowfishes)

o Family Pseudomugilidae Kner 1867 (blue eyes)

o Family Telmatherinidae Munro 1958 (sailfin silversides)

o Family Notocheiridae Schultz 1950 (surf silversides)

o Family Isonidae Rosen 1964 (surf sardines)

o Family Atherionidae Schultz 1948 (pricklenose silversides)
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o Family Dentatherinidae Patten & Ivantsoff 1983 (tusked silversides)

o Family Phallostethidae Regan 1916 (priapum fishes)

o Family Atherinopsidae Fitzinger 1873 (New World silversides)

Subfamily Atherinopsinae Fitzinger 1873 (neotropical silversides)

Subfamily Menidiinae Schultz 1948 (Gulf of Mexico silversides)

o Order Beloniformes

(0]

Family Scomberesocidae Blecker 1858 (sauries)

Family Belonidae Bonaparte 1835 (needlefishes)

Family Hemiramphidae Gill 1859 (halfbeaks)

Family Zenarchopteridae Fowler 1934 (internally fertilized halfbeaks)

Family Exocoetidae Risso 1827 (flyingfishes)

Family Adrianichthyidae Weber 1913 (adrianichthyids)

Subfamily Oryziinae Myers 1938 (medakas or ricefishes)
Subfamily Adrianichthyinae Weber 1913 (adrianichthyines)

o Order Cyprinodontiformes

o Suborder Aplocheiloidei

Family Aplocheilidae Bleeker 1859 (Old World rivulins)

Family Nothobranchiidae Garman 1895 (African rivulins)

Family Rivulidae Myers 1925 (New World rivulins)
* Subfamily Kryptolebiatinae Costa 2004 (mangrove killifishes)
= Subfamily Cynolebiinae Hoedeman 1961 (pearl killifishes)
= Subfamily Rivulinae Myers 1925 (rivulines)

o Suborder Cyprinodontoidei

Family Pantanodontidae Myers 1955 (spine killifishes)
Family Fundulidae Giinther 1866 (topminnows and killifishes)
Family Cyprinodontidae Wagner 1828 (killifishes)
= Subfamily Cubanichthyinae Parenti 1981 (island pupfishes)
=  Subfamily Cyprinodontinae Wagner 1828 (pupfishes)
= Subfamily Orestiinae Bleeker 1859 (Andean killifishes)

Family Profundulidae Hoedeman & Bronner 1951 (Middle American
killifishes)
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Family Goodeidae Jordan & Gilbert 1883 (splitfins)

= Subfamily Empetrichthyinae Jordan, Evermann & Clark 1930
(springfishes)

* Subfamily Goodeinae Jordan & Gilbert 1883 (Mexican
splitfins)

Family Fluviphylacidae Roberts 1970 (American lampeyes)
Family Poeciliidae Bonaparte 1831 (poeciliids)
* Subfamily Xenodexiinae Hubbs 1950 (Guatemalan poeciliids)

= Subfamily Tomeurinae Eigenmann 1912 (facultative
viviparous poeciliids)

= Subfamily Poeciliinae Bonaparte 1831 (livebearers)

Family Anablepidae Bonaparte 1831 (four-eyed fishes and onesided
livebearers)

= Subfamily Anablepinae Bonaparte 1831 (four-eyed fishes)
= Subfamily Oxyzygonectinae Parenti 1981 (white-eyes)
Family Aphaniidae Hoedeman 1949 (Oriental killifishes)
Family Valenciidae Parenti 1981 (European killifishes)
Family Procatopodidae Fowler 1916 (African lampeyes)

= Subfamily Aplocheilichthyinae Myers 1928 (banded
lampeyes)

=  Subfamily Procatopodinae Fowler 1916 (lampeyes)

o Order Cichliformes

o Family Polycentridae Gill 1858 (leaffishes)

o Family Cichlidae Bonaparte 1835 (cichlids)

Subfamily Etroplinae Kullander 1998 (Indian and Madagascan
cichlids)

Subfamily Ptychochrominae Sparks 2004 (Malagasy cichlids)
Subfamily Pseudocrenilabrinae Fowler 1934 (African cichlids)
Subfamily Cichlinae Bonaparte 1835 (American cichlids)

o Family Pholidichthyidae Jordan 1896 (convict-blennies)

e Order Mugiliformes

o Family Ambassidae Klunzinger 1870 (Asiatic glassfishes)
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o Family Mugilidae Jarocki 1822 (mullets)

o Order Blenniiformes

o Family Pseudochromidae Miiller & Troschel 1849 (dottybacks)

Subfamily Pseudochrominae Miiller & Troschel 1849
Subfamily Pseudoplesiopinae Blecker 1875
Subfamily Anisochrominae Smith 1954

Subfamily Congrogadinae Giinther 1862 (eelblennies)
Subfamily Assiculinae Gill 2013

Subfamily Assiculoidinae Gill 2013

o Family Plesiopidae Giinther 1861 (roundheads)

Subfamily Plesiopinae Giinther 1861
Subfamily Acanthoclininae Giinther 1861 (spiny basslets)

o Family Pomacentridae Bonaparte 1831 (damselfishes and anemonefishes)

Subfamily Microspathodontinae Jordan & Evermann 1898 (giant
damselfishes)

Subfamily Chrominae Bonaparte 1831 (chromises)
Subfamily Glyphisodontinae Rafinesque 1815 (sergeants majors)

Subfamily Pomacentrinae Bonaparte 1831  (anemonefishes or
clownfishes)

o Family Embiotocidae Agassiz 1853 (surfperches)

o Family Grammatidae Jordan 1887 (gramma basslets)

o Family Opistognathidae Bonaparte 1835 (jawfishes)

e Suborder Gobiesocoidei

o Family Gobiesocidae Bleeker 1859 (clingfishes)

Subfamily Diplocrepinae Briggs 1955
Subfamily Lepadogastrinae Canestrini 1871-72
Subfamily Chorisochisminae Briggs 1955
Subfamily Haplocylicinae Briggs 1955

Subfamily Protogobiesocinae Fricke, Chen & Chen 2016 (ancestral
clingfishes)

Subfamily Cheilobranchinae Giinther 1870 (shore-eels)
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Subfamily Trachelochisminae Briggs 1955
Subfamily Diademichthyinae Whitley 1950
Subfamily Gobiesocinae Bleeker 1859 (New World clingfishes)

e Suborder Blennioidei

o Family Tripterygiidae Whitley 1931 (triplefins or threefin blennies)

(0]

(o)

(0]

Subfamily Notoclininae Fricke 2009

Subfamily Tripterygiinae Whitley 1931

Family Blenniidae Rafinesque 1810 (combtooth blennies)

Subfamily Blenniinae Rafinesque 1810 (blennies)
Subfamily Salariinae Gill 1859 (salariin blennies)

Family Clinidae Swainson 1839 (kelp blennies)

Family Labrisomidae Clark Hubbs 1952 (labrisomid blennies)

Family Chaenopsidae Gill 1865 (pikeblennies or tube blennies)

Family Dactyloscopidae Gill 1859 (sand stargazers)

o Order Perciformes

o Suborder Percoidei

Family Serranidae Swainson 1839 (sea basses)
Family Anthiadidae Poey 1861 (fairy basslets or streamer basses)
Family Epinephelidae Bleeker 1874 (groupers)
Family Liopropomatidae Poey 1867 (painted basslets)

= Subfamily Liopropomatinae Poey 1867

= Subfamily Diploprioninae Bleeker 1874 (barred soapfishes)
Family Grammistidae Bleeker 1857 (soapfishes)
Family Percidae Rafinesque 1815 (perches and darters)

= Subfamily Percinae Rafinesque 1815 (freshwater perches)

* Subfamily Luciopercinae Jordan &  Evermann 1896
(pikeperches and Danube perches)

= Subfamily Etheostomatinae Agassiz 1850 (North American
darters)

Family Niphonidae Jordan 1923 (Ara groupers)

Family Trachinidae Rafinesque 1815 (weeverfishes)
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Family Bembropidae Regan 1913 (flatheads or duckbill flatheads)

0 Suborder Notothenioidei

Family Percophidae Swainson 1839 (Brazilian flatheads)
Family Bovichtidae Gill 1862 (thornfishes)
Family Pseudaphritidae McCulloch 1929 (congollis)

Family Eleginopidae Gill 1893 (Patagonian blennies or Falkland
Islands blennies)

Family Nototheniidae Giinther 1861 (cod icefishes)
=  Subfamily Pleuragrammatinae Andersen & Hureau 1979
= Subfamily Nototheniinae Giinther 1861 (notothens)
* Subfamily Trematominae Balushkin 1982
Family Harpagiferidae Gill 1861 (plunderfishes)
= Subfamily Harpagiferinae Gill 1861 (spiny plunderfishes)

= Subfamily Artedidraconinae Andriashev =~ 1967  (barbeled
plunderfishes)

Family Bathydraconidae Regan 1913 (Antarctic dragonfishes)
= Subfamily Bathydraconinae Regan 1913
* Subfamily Gymnodraconinae Andriashev 1983

= Subfamily Cygnodraconinae no valid family-group name
description

Family Channichthyidae Gill 1861 (crocodile icefishes)

o Suborder Scorpaenoidei

Family Platycephalidae Swainson 1839 (flatheads)
Family Hoplichthyidae Kaup 1873 (spiny flatheads)
Family Triglidae Rafinesque 1815 (searobins)

* Subfamily Prionotinae Kaup 1873 (spiny searobins)

* Subfamily Peristediinae Jordan & Gilbert 1883 (armored
gurnards)

= Subfamily Pterygotriglinae Fowler 1938 (spotted gurnards)
= Subfamily Triglinae Rafinesque 1815 (gurnards)
Family Bembridae Kaup 1873 (deepwater flatheads)

Family Synanceiidae Swainson 1839 (stonefishes)
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Subfamily Apistinae Gill 1859 (wasp scorpionfishes)

Subfamily Perryeninae Honma, Imamura & Kawai 2013
(whitenose pigfishes)

Subfamily Eschmeyerinae Mandrytsa 2001 (cofishes)
Subfamily Gnathanacanthinae Gill 1892 (red velvetfishes)
Subfamily Aploactininae Jordan & Starks 1904 (velvetfishes)
Subfamily Pataecinae Gill 1872 (prowfishes)

Subfamily Tetraroginae Smith 1949 (waspfishes)

Subfamily Choridactylinae Kaup 1859 (stingers)

Subfamily Synanceiinae Swainson 1839 (stonefishes)

= Family Neosebastidae Matsubara 1943 (gurnard scorpionfishes)

= Family Plectrogeniidae Fowler 1938 (stinger flatheads)

= Family Scorpaenidae Risso 1827 (scorpionfishes)

Subfamily Scorpaeninae Risso 1827 (scorpionfishes)
Subfamily Caracanthinae Gill 1885 (coral crouchers)
Subfamily Pteroinae Kaup 1873 (turkeyfishes and lionfishes)

Subfamily Setarchinae Matsubara 1943  (deepsea  bristly
scorpionfishes)

Subfamily Sebastolobinae Matsubara 1943 (thornyheads)
Subfamily Sebastinae Kaup 1873 (rockfishes)

= Family Congiopodidae Gill 1889 (racehorses or pigfishes)

= Family Zanclorhynchidae Andriashev 1993 (horsefishes)

* Family Normanichthyidae Clark 1937 (barehead scorpionfishes)

0 Suborder Cottoidei

= Family Anoplopomatidae Jordan & Gilbert 1883 (sablefishes)

* Family Zaniolepididae Jordan & Gilbert 1883 (combfishes)

= Family Hexagrammidae Jordan 1888 (greenlings)

Subfamily Hexagramminae Jordan 1888 (greenlings)

Subfamily Pleurogramminae Rutenberg 1954 (Atka
mackerels)

Subfamily Ophiodontinae Jordan & Gilbert 1883 (lingcods)
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Subfamily Oxylebiinae Gill 1862 (painted greenlings)

= Family Rhamphocottidae Jordan & Gilbert 1883 (horsehead sculpins
or grunt sculpins)

* Family Jordaniidae Jordan & Evermann 1898 (longfin sculpins)

= Family Cottidae Bonaparte 1831 (sculpins)

= Family Psychrolutidae Giinther 1861 (marine sculpins)

= Family Agonidae Swainson 1839 (poachers)

Subfamily Agoninae Swainson 1839 (sturgeon poachers)
Subfamily Anoplagoninae Gill 1861 (alligator fishes)
Subfamily Bathyagoninae Lindberg 1971 (starsnouts)

Subfamily Brachyopsinae Jordan &  Evermann 1898
(uppermouth poachers)

Subfamily Hypsagoninae Gill 1861 (dragon poachers)
Subfamily Bothragoninae Lindberg 1971 (rockheads)

Subfamily Hemitripterinae Gill 1865 (sailfin sculpins)

= Family Trichodontidae Bleeker 1859 (sandfishes)

= Family Cyclopteridae Bonaparte 1831 (lumpfishes)

Subfamily Cyclopterinae Bonaparte 1831 (lumpsuckers)
Subfamily Liparopsinae Garman 1892 (smooth lumpsuckers)

Subfamily Eumicrotreminae Oku, Imamura & Yabe 2017
(spiny lumpsuckers)

* Family Liparidae Gill 1861 (snailfishes)

o Suborder Gasterosteoidei

= Family Hypoptychidae Steindachner 1880 (sand-eels)

= Family Gasterosteidae Bonaparte 1831 (sticklebacks)

= Family Aulorhynchidae Gill 1861 (tubesnouts)

0 Suborder Zoarcoidei

* Family Zoarcidae Swainson 1839 (eelpouts)

Subfamily Lycodinae Gill 1861
Subfamily Lycozoarcinae Andriashev 1939

Subfamily Zoarcinae Swainson 1839 (eelpouts)
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= Subfamily Gymnelinae Gill 1863 (pouts)
= Family Anarhichadidae Bonaparte 1835 (wolffishes)
* Family Neozoarcidae Jordan & Snyder 1902
= Family Eulophiidae Smith 1902
* Family Stichaeidae Gill 1864 (pricklebacks)
* Subfamily Stichaeinae Gill 1864
= Subfamily Chirolophinae Jordan & Evermann 1898
=  Subfamily Alectriinae Makushok 1958 (cockscombs)
= Subfamily Xiphisterinae Jordan 1880
* Family Lumpenidae Jordan & Evermann 1898 (eel pricklebacks)
* Family Opisthocentridae Jordan & Evermann 1898
= Family Pholidae Gill 1893 (gunnels)
= Subfamily Pholinae Gill 1893 (pigmented gunnels)
=  Subfamily Apodichthyinae Hubbs 1927 (penpoint gunnels)
= Family Ptilichthyidae Jordan & Gilbert 1883 (quillfishes)
* Family Zaproridae Jordan 1896 (prowfishes)
= Family Cryptacanthodidae Gill 1861 (wrymouths)
* Family Cebidichthyidae Gill 1862 (monkeyface pricklebacks)
* Family Scytalinidae Jordan & Starks 1895 (graveldivers)
= Family Bathymasteridae Jordan & Gilbert 1883 (ronquils)
e Order Centrarchiformes
o Suborder Percalatoidei
= Family "Percalates-clade" (Australian basses)
o Suborder Terapontoidei
* Family Girellidae Gill 1862 (nibblers)
* Family Scorpididae Giinther 1860 (halfmoons)
= Family Kyphosidae Jordan 1887 (sea chubs)
* Family Kuhliidae Jordan & Evermann 1896 (flagtails or aholeholes)
* Family Terapontidae Richardson 1842 (grunters or tigerfishes)
= Family Dichistiidae Smith 1935 (galjoens)
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= Family Oplegnathidae Bleeker 1853 (knifejaws)
= Family Caesioscorpididae Parenti & Randall 2020 (blowhole perches)
* Family Microcanthidae Bleeker 1876 (stripeys)
o Suborder Centrarchoidei
= Family Centrarchidae Bleeker 1859 (sunfishes and freshwater basses)
* Subfamily Centrarchinae Bleeker 1859
= Subfamily Lepominae Gill 1864
* Family Elassomatidae Jordan 1877 (pygmy sunfishes)
= Family Sinipercidae Jordan & Richardson 1910 (Chinese perches)
= Family Enoplosidae Gill 1893 (oldwives)
* Family Percichthyidae Jordan & Eigenmann 1890 (temperate basses)
= Family Perciliidae Jordan 1923 (southern basses)
* Family Parascorpididae Smith 1949 (jutjaws)
o Suborder Cirrhitioidei
= Family Cirrhitidae Macleay 1841 (hawkfishes)
= Family Chironemidae Gill 1862 (kelpfishes)
= Family Aplodactylidae Giinther 1859 (marblefishes)
= Family Cheilodactylidae Bonaparte 1850 (fingerfins)
* Family Latridae Gill 1862 (trumpeters)
Order Labriformes
o Suborder Labroidei
= Family Centrogenyidae Fowler 1907 (false scorpionfishes)
* Family Labridae Cuvier 1816 (wrasses)
= Family Odacidae Giinther 1861 (cales)
o Suborder Uranoscopoidei
= Family Ammodytidae Bonaparte 1835 (sand lances)
= Family Uranoscopidae Bonaparte 1831 (stargazers)
= Family Leptoscopidae Gill 1859 (southern sandfishes)
* Family Pinguipedidae Giinther 1860 (sandperches)
= Family Cheimarrichthyidae Regan 1913 (New Zealand torrentfishes)
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e Order Acropomatiformes

(0]

(o)

(0]

(0]

(0]

Family Scombropidae Gill 1862 (gnomefishes)
Family Ostracoberycidae Fowler 1934 (shellskin alfonsinos)
Family Acropomatidae Gill 1893 (lanternbellies)
Family Symphysanodontidae Katayama 1984 (slopefishes)
Family Epigonidae Poey 1861 (deepwater cardinalfishes)
Family Howellidae Ogilby 1899 (lanternbellies or oceanic basslets)
Family Polyprionidae Bleeker 1874 (wreckfishes)
Family Lateolabracidae Ghedotti, Davis and Smith 2018 (Asian seaperches)
Family Glaucosomatidae Jordan & Thompson 1911 (pearl perches)
Family Pempheridae Bleeker 1859 (sweepers)
Family Dinolestidae Whitley 1948 (longfinned pikes)
Family Stereolepididae Smith, Ghedotti & Davis 2022 (giant sea basses)
Family Banjosidae Jordan & Thompson 1912 (banjofishes)
Family Pentacerotidae Bleeker 1859 (armorheads)
= Subfamily Histiopterinae Bleeker 1876 (sailfin armorheads)
= Subfamily Pentacerotinae Bleeker 1859

Family Malakichthyidae Jordan &  Richardson 1910  (temperate
ocean-basses)

Family Champsodontidae Jordan & Snyder 1902 (gapers)
Family Hemerocoetidae Kaup 1873 (Indo-Pacific duckbills)
Family Creediidae Waite 1899 (sand burrowers)

Family Synagropidae Smith 1961 (splitfin ocean-basses)
Family Bathyclupeidae Gill 1896 (deepsea herrings)

o Order Acanthuriformes

(0]

(0)

Family Gerreidae Bleeker 1859 (mojarras)
Family Sillaginidae Richardson 1846 (sillagos)

Family Moronidae Jordan & Evermann 1896 (white basses or temperate
basses)

Family Drepaneidae Gill 1872 (sicklefishes)
Family Ephippidae Bleeker 1859 (spadefishes and batfishes)
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Family Sciaenidae Cuvier 1829 (croakers and drums)
Family Dinopercidae Heemstra & Hecht 1986 (cavebasses)
Family Haemulidae Gill 1885 (grunts)
= Subfamily Haemulinae Gill 1885
= Subfamily Plectorhinchinae Jordan & Thompson 1912 (sweetlips)
Family Lobotidae Gill 1861 (tripletails and tigerperches)
Family Monodactylidae Jordan & Evermann 1898 (moonies)
Family Emmelichthyidae Poey 1867 (rovers)
Family Lutjanidae Gill 1861 (snappers)
= Subfamily Apsilinae Johnson 1980
=  Subfamily Etelinae Gill 1893 (snappers)
= Subfamily Paradicichthyinae Whitley 1930 (sailfin snappers)
= Subfamily Lutjaninae Gill 1861 (snappers & fusiliers)
Family Malacanthidae Poey 1861 (tilefishes or sand tilefishes)
Family Latilidae Gill 1862 (deepwater tilefishes)
Family Pomacanthidae Jordan & Evermann 1898 (angelfishes)
Family Chaetodontidae Rafinesque 1815 (butterflyfishes)
= Subfamily Heniochinae Kaup 1860 (bannerfishes)
* Subfamily Chaetodontinae Rafinesque 1815 (butterflyfishes)
Family Leiognathidae Gill 1893 (ponyfishes or slipmouths)
= Subfamily Leiognathinae Gill 1893
= Subfamily Gazzinae Chakrabarty & Sparks 2015
Family Luvaridae Gill 1885 (luvars)
Family Zanclidae Bleeker 1876 (Moorish idols)
Family Acanthuridae Bonaparte 1835 (surgeonfishes and unicornfishes)
Family Callanthiidae Ogilby 1899 (splendid perches)
Family Nemipteridae Regan 1913 (threadfin breams and spinycheeks)
Family Lethrinidae Bonaparte 1831 (emperor snappers)
= Subfamily Lethrininae Bonaparte 1831 (emperors)

= Subfamily Monotaxinae Akazaki 1961 (big-eye seabreams)
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o Family Sparidae Rafinesque 1818 (porgys and seabreams)
o Family Siganidae Richardson 1837 (rabbitfishes)
o Family Scatophagidae Gill 1883 (scats)
o Family Cepolidae Rafinesque 1815 (bandfishes)
* Subfamily Cepolinae Rafinesque 1815
*  Subfamily Owstoniinae Jordan, Tanaka & Snyder 1913
o Family Priacanthidae Giinther 1859 (bigeyes)
o Family Caproidae Bonaparte 1835 (boarfishes)
o Family Antigoniidae Jordan & Evermann 1898 (deepwater boarfishes)
Order Lophiiformes
o Suborder Lophioidei
= Family Lophiidae Rafinesque 1810 (goosefishes or monkfishes)
o Suborder Ogcocephaloidei
= Family Ogcocephalidae Gill 1893 (batfishes)
0o Suborder Antennarioidei

* Family Rhycheridae Hart, Arnold, Alda, Kenaley, Pietsch, Hutchinson
& Chakrabarty 2022 (Balrog frogfishes)

= Family Brachionichthyidae Gill 1863 (warty anglerfishes)
= Family Antennariidae Jarocki 1822 (Fibonacci frogfishes)

= Family Histiophrynidae Arnold & Pietsch 2012  (starfingered
frogfishes)

* Family Tathicarpidae Hart, Arnold, Alda, Kenaley, Pietsch,
Hutchinson & Chakrabarty 2022 (longfin frogfishes)

= Family Tetrabrachiidae Regan 1912 (tetrabrachiid frogfishes)

* Family Lophichthyidae Boeseman 1964 (lophichthyid frogfishes)
o Suborder Chaunacoidei

= Family Chaunacidae Gill 1863 (gapers or sea toads)
o Suborder Ceratioidei

* Family Caulophrynidae Goode & Bean 1896 (fanfins)

= Family Neoceratiidae Regan 1926 (needlebeard seadevils or spiny
seadevils)

= Family Melanocetidae Gill 1878 (black seadevils)
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Family Himantolophidae Gill 1861 (footballfishes)
Family Diceratiidae Regan & Trewavas 1932 (doublespine seadevils)
Family Oneirodidae Gill 1878 (dreamers)

Family Thaumatichthyidae Smith & Radcliffe 1912 (wolftrap
seadevils)

Family Centrophrynidae Bertelsen 1951 (prickly seadevils)
Family Ceratiidae Gill 1861 (seadevils)
Family Gigantactinidae Boulenger 1904 (whipnose seadevils)

Family Linophrynidae Regan 1925 (leftvent seadevils)

o Order Tetraodontiformes

o0 Suborder Triacanthodoidei

Family Triacanthodidae Gill 1862 (spikefishes)

Family Triacanthidae Bleeker 1859 (triplespines)

o0 Suborder Tetraodontoidei

Family Triodontidae Bleeker 1859 (threetooth puffers)

Family Molidae Bonaparte 1832 (molas or ocean sunfishes)
Family Diodontidae Billberg 1833 (porcupinefishes and burrfishes)
Family Tetraodontidae Bonaparte 1831 (puffers)

o Suborder Balistoidei

Family Aracanidae Hollard 1860 (deepwater boxfishes)
Family Ostraciidae Rafinesque 1810 (boxfishes)
Family Monacanthidae Nardo 1843 (filefishes)

Family Balistidae Rafinesque 1810 (triggerfishes)

e (lass Coelacanthi

0 Order Coelacanthiformes

Family Latimeriidae Berg 1940 (coelacanths)

e C(lass Dipneusti

0 Order Ceratodontiformes

Family Neoceratodontidae Schultz 1948 (Australian lungfishes)
Family Lepidosirenidae Bonaparte 1841 (South American lungfishes)

Family Protopteridae Peters 1855 (African lungfishes)
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FINFISH TAXONOMY -Practical information

Taxonomy is basically the science of correctly naming species. The term has often been
confused with fish identification, which basically refers to the use of the latest taxonomic
information to identify fishes. The job of the Fish Taxonomist is to name and classify species
in a way that makes it easier for fisheries scientists, and other “users”, to correctly identify
fish species during their work. In other words, fish taxonomy is practiced by very few,
whereas fish identification is practised daily by many people.

Descriptive characters in taxonomy
Mouth:

The position of a fish’s mouth can tell you a lot about the feeding habits, living style and type
of behaviour it exhibits. Fish mouth types are broadly divided based on three categories:
midwater feeders, surface feeders and bottom-feeders.

Mouth types:

Terminal: Fish with a terminal mouth position have a mouth in the middle, or centre 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 a 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 fish 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
feed on small invertebrates in hiding have protrusible mouths.

Different mouth patterns (Source: Florida museum)
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Teeth
These serve as a very important taxonomic character. Generally, five types of teeth are
recognised in fish based on their cardiform, villiform, caniniform, incisiform and molariform.

Teeth types: The following teeth patterns are encountered in the fishes mentioned in the
book.

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 flesh from the prey.
Sharks are the best examples of fishes with canine teeth.

. ®

&

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

Molar teeth: These are blunt, rounded, broad teeth 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 sea fishes used for stabbing and
direction.

Foders
-
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Common Teeth patterns (Source: Edwards et al. 2001)
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Dental plates: Teeth fused to form beak like plates

Body Scales

Fish scales constitute the external covering of almost all fish species. The structure and
configuration of scales can be used to determine the species from which they came. The type
of scale will affect the behaviour of a fish--larger, heavier scales providing more protection
but restricting movement, and smaller, lighter scales offering more freedom of movement but
less protection. There are four different types of fish scale, each with their own characteristics
and variations. :
Spine
Placoid Scales: Placoid scales are formed of a rectangular (euspl
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 (Source: Diane Elliot, 2011)

placoid 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.

Cosmoid Scales: Cosmoid scales 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.

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.

A Flacoid B Genpid

Different types of scale
(Source Image from Living Ocean, CRDG, University of Hawaii at Manoa)
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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 in our collection.

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.

Dreeply Forked

i.  Round: ending in round
shape

ii.  Truncate: ending in
vertical edge

iii.  Forked: ending in two
prolonged edges

iv.  Emarginate: ending in a
slight inward curve

v. Lunate: ending in
crescent shape

vi.  Rhomboid: ending in
rhomboid shape.

BMaechad or

BEhombnrd Dgighle Emsarginoge

Poinped Heserooeienl

Morphometrics: Measurements must be accurate, point to point and measured using digital
vernier callipers in a straight line

(a) Total length (TL): Distance measured from tip of snout to outer free tip of caudal fin.
This measurement gives the total length attained by the fish.

(b) Standard length (SL): Distance from tip of snout or upper jaw tip (mouth should be in
closed position) to the posterior margin of the hypural bone i.e. last vertebra. This
measurement is used for all taxonomic calculations since the tip of the caudal rays are
often damaged during collection.

(c) Body depth (BD,, BD,): The maximum girth of the body along the dorso-ventral axis
is taken as body depth. In bony fishes, it is measured as the distance from the base of
the first dorsal fin ray downwards in a straight line (BD;). The second measurement for
body depth is the distance from base of the first anal fin upwards on a perpendicular
axis (BD,).

(d) Head length (HL): The distance from tip of snout or upper jaw to the outer most tip of
the operculum.
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(e) Eye diameter (ED): The horizontal distance at the center of the orbit is taken from the
bony anterior to the posterior orbit.

(f) Jaw length: Measurements of upper and lower jaw are taken.
Upper jaw length (UJL) is the distance from tip of premaxillary bone to the outermost
end of maxillary bone.
Lower jaw length (LJC) is the length of lower jaw from tip of lower jaw to the end of
the bone.

(g) Dorsal fin length (DFL): This is the maximum length of the dorsal fin when
stretched. Measurements are taken at both the longest spine and at the soft dorsal tip.

(h) Anal fin length (AFL): The maximum length of the fin when stretched; this is
measured at the soft rayed part.

(i) Pectoral fin length (P,FL): This is the maximum length of the pelvic fin when
stretched; measurements are taken at the extreme tip of the fin.

() Pelvic fin length (V,FL): This is the maximum length of the pelvic fin when stretched;
measurements are taken at the extreme tip of the fin.

(k) Caudal fin length (CFL): Taken as the distance from base of first caudal fin ray to the
outermost tip of caudal region.

(I) Dorsal fin base length (DFBL): The distance from base of first dorsal fin ray to the
last fin ray in a straight line.

(m)Anal fin base length (AFBL): The distance from base of first anal fin ray to the last fin
ray in a straight line.

(n) Pectoral fin base length (PFBL): The distance from base of first pectoral fin ray to the
last fin ray in a straight line.

(o) Pelvic fin base length (V,FB): The distance from base of first pelvic fin ray to the last
fin ray in a straight line.

(p) Caudal fin base length (CFB): The distance from base of first caudal fin ray to the last
fin ray in a straight line.

(q) Caudal peduncle length: the distance from the base of the last dorsal ray to the origin
of the caudal fin ray in a straight line.

(r) Caudal peduncle base: The vertical distance across base of the caudal fin.

(s) Preorbital length (POL): Distance from tip of snout to anterior tip of the diameter of
orbit.

(t) Post orbital length (PBL): Distance from posterior tip of orbit to outer free tip of
operculum.
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TL

FL

SL

TL - Total Length BD - Body Depth ABL - Anal Base Length

SL - Standard Length DFL - Dorsal Fin Length CPD - Caudal Peduncle Depth
FL - Fork Length DBL - Dorsal Base Length  CPL - Caudal Peduncle Length
HL ~ Head Length PFL - Pectoral Fin Length PDL - Pre-dorsal Length

ED - Eve Diameter PBL - Pectoral Base Length  PPL - Pre-pectoral Length
SNL - Snout Length WFL - Ventral Fin Length PVL — Pre-ventral Length

VL - Upper Jaw Length WBL - Ventral Base Length  PAL - Pre-anal Length
AFL - Anal Fin Length
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Meristic Counts: Counts are generally taken on the left side of fish.

Finray/Spine counts: Both spine and ray counts are taken on all fins. Dorsal fin
counts are written in Roman numerals and rays counts in Arabic numerals eg. X, 6-8.,
if the spinous and soft-rayed portions of the fin are continuous, the counts are
separated by a comma. If the fin is divided into two parts, a plus sign (+) separates
the counts, eg. D IX + 4-6. If only a single fin ray is given instead of a range, the
count is taken as usual with no variations.

Spines are hardened, stiff, unsegmented, unpaired, unbranched fin rays. Spine counts
are characteristic of the genus and does not normally vary between species of the
same genus.

Rays are soft, flexible structures that may be branched or unbranched at the tips. The
last ray of the dorsal and anal fins is sometimes branched at the base and is to be
counted as one ray.

Scales: Scales are calcified structures seen on the outer surface of the body of fish for
its protection. Scales counts are variable and the range and average count is normally
given in the description.

Lateral line scale count is the number of pored scales in the lateral line. The count
begins with the first scale at the outer upper end of the operculum and ends with at the

caudal fin base.

Lateral scale count is taken as the number of scales from the lateral line to the base
of the first spine of the dorsal fin excluding the lateral line scale.
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e Predorsal scale count is the number of scales on the middle line from the origin of
the first dorsal fin to the occiput.

Body shape:
The simplest way to identify fishes is by their physical shape and appearance. Different
species have different profiles when viewed from the side, top or front. Some are slim and
elongated, others fat and rounded. Based on their lifestyle and feeding habitat their body
shape differs.

Fusiform: Fusiform, or streamlined fish like the barracuda or jack are capable of swimming
very fast. They usually live in open water.

Laterally compressed: Fish that are laterally compressed
(flattened from side to side) usually do not swim rapidly
(some schooling fish are an exception). However, they are
exceptionally manoeuvrable. Many, like the angelfish, are
found near coral reefs. Their shape allows them to move about
in the cracks and crevices of the reef. A flounder is a laterally
compressed fish that lies on its side on the bottom. Both eyes
migrate to the left or right side early in development.

Depressed: Depressed fish (flattened from top to bottom), like stingrays, live on the bottom.

Eel-like: Eel-like fish have a snake-like body shape. The electric eel and moral eels are good
examples of fish with this body shape.

Others: Many fish like the boxfish and porcupine fish do not fit into any of these categories.
They are slow swimmers with special protective mechanisms.

Ovate, truncated
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Colour patterns: Reef fishes in particular have wide and varied colour patterns on their body
which makes them highly suitable for life in reef habitats.

Red is a common colour in reef fish. However, most fish that have this coloration live in dark
or deep water, or are nocturnal (active at night). In deep waters and in coralline areas, red
light is filtered out quickly so red is a good camouflage. At night red-coloured objects appear
grey. The squirrelfish has this kind of coloration.

Camouflage: Here, the fish takes on the appearance of the environment. This makes the fish
invisible to other fish as well as other predators. This is achieved by

Disruptive: This is in the form of stripes, spots and helps the fish avoid being eaten by
confusion. This is a form of camouflage. The patterns and lines break up the outline of the
fish or help it to blend into the background. The brightly patterned fish of coral reefs blend in
with the corals despite their brilliant colours. Eg. Moorish idol exhibits disruptive coloration.

Counter Shading: This is primarily seen in marine fish where the top half of the fish is darker
in colour than the bottom half.

Poster Colouration: This is the most characteristic colouration pattern usually found in reef

fish. The fish is characterized by different bright colors. This helps reduce predation on reefs
and could be also used as a form of communication.
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Warning Colouration: Many fish use bright colours to "advertise" the presence of poisonous
spines or some other defensive mechanism. Eg. The Nave surgeonfish has two bright orange
spots near the base of the tail that advertise the presence of razor sharp spines.

Mimicry: Here, nontoxic individuals mimic toxic individuals; non-aggressive fish look like
aggressive species; predators can mimic prey species (ex. Sabertooth Blenny). Eye spots are a
form of mimicry. The eye spot, usually found near the tail, draws attention away from the real
eye which is a target that a predator might strike. The eye spot may cause the predator to
attack the wrong end and allow the fish to escape alive
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7. Getting Started with R and RStudio: Installation, Data Types,
Structures, and Data Management

Dr. Eldho Varghese, Dr. J. Jayasankar and Thejus T. V.
Fishery Resources Assessment, Economics & Extension Division

ICAR-Central Marine Fisheries Research Institute, Kochi

1. Introduction

R is a powerful statistical computing environment offering data manipulation, computation,
and visualization capabilities. It is a free, open-source implementation of the S language,
originally developed by John Chambers at Bell Labs, with a commercial version, S+®,
available from Insightful Corporation. Created by Ross lhaka and Robert Gentleman, R
provides efficient data handling, matrix operations, and extensive tools for data analysis and
visualization.

RStudio, an integrated development environment (IDE) for R, features a console,
syntax-highlighting editor, and tools for plotting, debugging, and workspace management.
Available in open-source and commercial versions, it runs on Windows, macOS, Linux, and
web-based RStudio Server editions.

2. Getting R and RStudio

The Comprehensive R Archive Network (CRAN) is a network of ftp and web servers around
the world that store identical, up-to-date, versions of code and documentation for R.

w0 [ sl ks Thadhoms LM e Lk

Fig.1: Home page: CRAN
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R can be downloaded from https://cran.r-project.org/ . Various versions of R suited to Linux,
Mac and Windows are available.

RStudio provides popular open source and enterprise-ready professional software for the R
statistical ~ computing  environment.  RStudio can be  downloaded from

https://www.rstudio.com/products/rstudio/download/

To install R/RStudio in a given machine, first double-click the downloaded file
R.exe/RStudio.exe, then select language as ‘English’. R setup wizard window will appear.
Select on ‘Next’ and accept most of the default settings during the installation.
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RStudio provides a more user-friendly interface to use R. For using RStudio in a machine,
base R must be installed in that machine. The interface of RStudio is given in Figure 3. The
top left window in Figure 3 has the editor for writing R codes. Bottom left window is similar
to the R console where R codes get executed. Top right window of RStudio has a few tabs:
Connections, Help and Tutorial respectively. Help tab can be used to see the help on R
functions.

3. R commands and Case-sensitivity

R is an expression-based language with a simple, case-sensitive syntax, where symbols like
ABC, abc, and Abc represent distinct variables. Naming conventions depend on the system
locale, typically allowing alphanumeric characters, accented letters (in some locales), and
Names must begin with . or a letter, with restrictions if starting with . (the second character
cannot be a digit). Names can be of unlimited length. Commands in R are either expressions
or assignments. Expressions are evaluated, printed (unless hidden), and discarded, while
assignments evaluate expressions and store the results in variables without automatic
printing.

In RStudio, the Environment tab displays currently loaded objects, while the Files, Plots,
Packages, History, and Viewer tabs offer additional functionality. The Files tab helps navigate
files, the Plots tab displays generated plots, the Packages tab manages installed packages, the
History tab logs executed commands, and the Viewer tab shows local web content.

4. R-help

To get more information on any specific named function, for example solve, the command is
> help(solve)

An alternative is

> 7solve

For a feature specified by special characters, the argument must be enclosed in double or
single quotes, making it a “character string”: This is also necessary for a few words with
syntactic meaning including if, for and function.

> help("[[")

Either form of quote mark may be used to escape the other, as in the string "It’s important".
Our convention is to use double quote marks for preference. On most R installations help is
available in HTML format by running

> help.start()

5. Setting a working directory

The working directory refers to the directory or folder where R is currently working. By
default, the working directory is My documents or Documents. One can get the working
directory by using code

> getwd()
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[1] " "C:/Users/Eldho/OneDrive/Documents"

R can read and open files from working directory directly without specifying any path.
Similarly, it can save files and write to files in the working directory. One can reset the
working directory to a different folder using the code below.

> setwd("D:/CMFRI/Lectures delivered/Winter school Dr. Rekha 2025")

= getwd()

[1] "c: /users/Eldho/onebrive/Documents”

= setwd("D: JCMFRI/Lectures delivered/winter school_Dr. Rekha 2025")
= getwd()

[1] "p:/cMFRI/Lectures delivered/Winter school_Dr. Rekha_2025"

In the beginning of an R session, it is better to set the working directory to a folder where
most of the data files and codes are located.

6. Data Types

R is an object-oriented language and therefore, all data types in R are some kind of object.
Objects may be variables, vectors, matrices, arrays, character strings, functions, or more
general structures built from such components. During an R session, objects are created and
stored by name. One can use the command

> objects()

to display the names of the objects which are currently stored within R.

The collection of objects currently stored is called the workspace. One can remove objects
using the function rm() . For example, the following code removes objects x and y form the
workspace.

> rm(x, y)

> obijects{)

[1] "Fish Landings" "fishData" "mydata™ "PellaTomlinson™
[S] ™Scheafer™ bt "Year™

> rm{FellaTomlinson

> obiecta()

[1] "Fish Landings"™ "fishData" "mydata™ "Scheafer™

r5] rr:f.-rr "YEEI”

-
-

An object created during an R session can be saved in a file for use in future R sessions. The
entire workspace of an R session and the history of all the commands used during the session
can also be saved. Some commonly encountered objects are discussed below.

(1) Vectors: Simplest object in R is a vector.
A vector is a collection of elements. For example,
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Year<-¢(2001,2002,2003,2004,2005,2006,2007,2008,2009,2010)
creates a vector of 10 numbers. Here the object Year contains those numbers and the function
c() is used to assign those numbers to the object Year.

Vectors can be of three types a) numeric b) character and c) logical.
A numeric vector contains numbers, a character vector contains characters and a logical
vector can contain values TRUE, FALSE or NA.

(i1) Matrices: A matrix object also is a collection of elements but it has two dimensions. They
can also be numeric, character or logical in nature.

Following is an example of creating a matrix.

> fish<-matrix(c("Crab","Squid","Mackerel","shark"),nrow=2)

> fish
= Tishc-matrix{c{"Crab”, "squid","Mackerel”,"shark™) ,nrow=2)
> Tish
[.,1] [.2]
[1,] "crab" "Mackerel”

[2,] "squid" "shark"”

(i11) Arrays: Arrays are multi-dimensional generalization of vectors and matrices. A
two-dimensional array is a matrix. Arrays can have more than two dimensions.

Catch_2011 <-¢(20,30,45,15,26,30,23,29,30)

Catch 2012 <-¢(30,40,50,70,41,45,12,17,60)
column.names <- ¢("Ribbonfish"," Prawns"," Tuna")
row.names <- ¢("Jan","Feb","Mar")

matrix.names <- ¢("2011","2012")

result <- array(c(Catch_ 2011, Catch 2012),dim = c¢(3,3,2),dimnames =
list(row.names,column.names, matrix.names))
print(result)

13h

ar 10 ]
4
15
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(iv) Factors: Factor objects are used to specify categorical or classificatory or grouping

variables. For example, males and females are two levels of a variable gender. Then gender

can be thought of a factor object.

Fish_type<-c("Pelagic", "Demersal", "Mollusc", "Demersal", "Pelagic", "Demersal")
Fish_cat<-as.factor(Fish_type)
levels(Fish_cat)

Coamile Terrmiral

& = R44,] - DuhTRyLectone defyemed Winter sohooi_Dr Rekia 2023

v Fizh_type<-c("Pelagic”, "Denersal” Aol tuse™, "Cenersal”, "Pelagic”, “Demer=zal™)
= Fish_car=-as.Tactor(Fish_typel

= lavelsi=ish_car)

[L] “Demersal™ "Mollusc"  “Palapic”

Factor variables are particularly useful in analysis of variance and in linear model with
grouping variables.

v) Data frames: A data frame is a two dimensional object. But unlike matrices, different
columns of data frame can be different types, for example some columns can be numeric,
some columns can be character, some columns can be factors. Here a column generally
refers to a variable.

Landings<-c(25,29,37,50)

Type fish<-c("sardine","mackerel","shrimp","prawn")

FishData<-data.frame(Type fish, Landings)

FishData

Console  Terminal

R -~ R441 . DWCMFRI/Lectures delivered,Winter school_Dr. Rekha_2025/

= Landings<-c(30,24,45,50)

= Type_fishz-c("Tuna"”,"mackerel”,"shrimp"”, "Ribbonfish")
= FishData«-data.frame(Type_fish, Landings)

= FishData

Type_fish Landings
1 Tuna 30
2 mackerel 24
3 shrimp 45
4 Ribbonfish 50

The data.frame() function is used to create a data frame.
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vi) Lists: A list is a collection of objects where each object can be of different type. For
example, a list can have the first object as a vector, second object as a matrix and third object
as a data frame.

Year<-¢(1991,1992,1993,1994,1995,1996,1997,1998,1999,2000)
fish<-matrix(c("sardine","mackerel","tuna","shark"),nrow=2)

Landings<-¢(25,29,37,50)

Type_fish<-c("sardine","mackerel","shrimp","prawn")

FishData<-data.frame(Type_fish, Landings)

Mylist=list(Year, fish, FishData)

Mylist

Cossole  Terwdnai

B« Rdd | - DV WFRILEchpas S trean Wi ier Schod. Dy, Reitia_B02s

- Waare-CL200 2002, P00, 2004 200 5, FORDG, 2007, 20K, FO0E , 2010

w Tlehe-marrin{c("Crab™, "squicd”,"mackerel™, "sh@ark™ ) , nF ds= 2}
Landings«-ci25, 2%, 37,500

: ".".IE.":I""-:-'.'_ cardina”, "Hackeral chrlmp”, e awn”
Fishiata<-gats, Frane(Type_fizh, Land: g}
¥ylistelint(¥ear, fiash, FizhData)]

Fylist

[l

1]
[L] 2000 2002 2003 2004 2005 2008 2007 2008 2009 200

[.1] L-23
[1.]1 "crak" Mackaral
[2.] “Squid shark

L4l
mypa_Fish Landings
sarding 25

sackere] 24
b T ] 7
d O Hp ELi]

7. R Functions

Functions in R are a kind of object which takes one or more inputs and produces some
result(s) as output. R has a number of in-built functions. R also provides facilities to create
new functions by users. R has a huge number of in-built functions.

As an example, to obtain the mean and variance of landings of sharks during the period
2007-2016: 4234, 2186, 2736, 1365, 2045, 1376, 1325, 1345, 965, 813, the following code
can be used.

Landings<-c(4234, 2186, 2736, 1365, 2045, 1376, 1325, 1345, 965, 813)

mean(Landings)
var(Landings)
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Console  Terminal

R » R441 . DW/CMFRI/Lectures delivered,/Winter school_Dr. Rekha_2025/

= Landings<-c(4234, 2186, 2736, 1365, 2045, 1376, 1325, 1345, 9485, B813)
- mean{Landings)

[1] 1839

= var(Landings)

[1] 1051923

Here, c¢() , mean() and var() are in-built functions of R. The function c() assigns those
numbers to the object Landings. The commands mean(Landings) and var(Landings)
computes the mean and variance of an object Landings. Here, Landings is the input, also
called argument, to the function mean() and var() .

A complete list of in-built functions is available in the document R reference manual. The R
reference manual opens by clicking on Help Manuals (in PDF) R reference. It opens the full
reference manual. It contains a complete list of all the functions and objects in base R. Apart
from in-built functions, a large number of external functions are available in contributed
packages. Contributed packages are nothing but a collection of functions written by the
authors of the packages to perform specific analysis. The manual of a package contains the
details of the functions provided in that package. To know what are the argument(s) of a
function and how to use it, you can use the code help(functionname) where functionname is
the name of the function. This opens an html page in the browser containing the details of the
function. For example, help(aov) gives the details of the usage of the function aov().

Some of the statistical functions are as follows:

mean(x): Mean of the numbers in vector x
median(x): Median of the numbers in vector x
var(x): Estimated variance of the population from which the numbers in vector x are
sampled
o sd(x): Estimated standard deviation of the population from which the numbers in vector
x are sampled
sort(x): The numbers in vector x in increasing order
rank(x) : Ranks of the numbers (in increasing order) in vector x
rank(-x): Ranks of the numbers (in decreasing order) in vector x
t.test(x,mu=n, alternative = “two.sided”): Two-tailed t-test that the mean of the numbers

in vector x is different from n.

e t.test(x,mu=n, alternative = “greater”): One-tailed t-test that the mean of the numbers in
vector X is greater than n.

e t.test(x,mu=n, alternative = “less”): One-tailed t-test that the mean of the numbers in
vector x is less than n.
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e ttest(x,y,mu=0, var.equal = TRUE, alternative = “two.sided”): Two-tailed t-test that the
mean of the numbers in vector x is different from the mean of the numbers in vector y.
The variances in the two vectors are assumed to be equal.

e ttest(x,y,mu=0, alternative = “two.sided”, paired = TRUE) : Two-tailed t-test that the
mean of the numbers in vector x is different from the mean of the numbers in vector y.
The vectors represent matched samples.

e cor(x,y): Correlation coefficient between the numbers in vector x and the numbers in
vector y

e cor.test(x,y): Correlation coefficient between the numbers in vector x and the numbers
in vector y, along with a t-test of the significance of the correlation coefficient.

e Im(y~x, data = d): Linear regression analysis with the numbers in vector y as the
dependent variable and the numbers in vector x as the independent variable. Data are in
data frame d.
coefficients(a) Slope and intercept of linear regression model a.
confint(a): Confidence intervals of the slope and intercept of linear regression model a

8. R packages

All R functions and datasets are stored in packages. Only when a package is loaded are its
contents available. This is done both for efficiency (the full list would take more memory and
would take longer to search than a subset), and to aid package developers, who are protected
from name clashes with other code.

To see which packages are installed at your site, issue the command

> library()

with no arguments.

To load a particular package named say, “boot”, use a command like

> library(boot)

Users connected to the Internet can use the install.packages() and update.packages() functions
(available through the Packages menu in the Windows and MacOS GUIs, see Section
“Installing packages” in R Installation and Administration) to install and update packages.

Bl bt
P LEdi e Mioc  Pecosm Bimdosn ez - - = —
(=[] ] et
it Toard CHLEH sratrer
Sl qparomm I pe
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o - = Lipil b o b i -.-;. =
i i il ] b gt Fe
Fig.4: Package installation in R Fig.4: Package installation in RStudio
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To see which packages are currently loaded, use
> search()

9. Reading Data File

(1) Entering data in R directly:
Suppose a data set contains few variables and few observations, then it can be read in R by
typing in the Console R as shown in the following example.

> Year<-c¢(2010,2011,2012,2013,2014,2015,2016)
> Fish_Landings<-¢(52,62,45,83,28,55,28)

> fishData=data.frame(Year,Fish Landings)

> fishData

Console  Terminal

R ~ R44.1 . DJCMFRI/Lectures delivered/Winter school_Dr, Rekha_2025/
= Year<-c(2010,2011,2012,2013,2014,2015,2016)

= Fish_Landings=<- c(:2 62,45,83,258,55,28)

= TishData=data. frame{?eaP_F1sh_Laﬂd1ﬂg5-

= fishDpata

yvear Fish_Landings
1 2010 52
2 2011 62
3 2012 43
4 2013 83
5 2014 28
6 2013 33
7 2016 28

= |

Note that data.frame() function combines the vectors month and rainfall into a data frame called
fishData. Note that a dataset in R is always in the form of a two-dimensional array with columns
representing variables and rows representing individual observations. Sometimes one may be
interested to know the names of variables in a data set loaded in R. For example, to know the
names of the variables in data set fishData, one can use following command:

> names(FishData)

- names(fishDpata)
[1] "vear" "Fish_Landings"

The scan() function can also be used to read data directly typed in R console. For example,

> y<-scan()
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Console T roranasl

R = 447 - DUTFAFADLecdres Setvened ANIRREr Sohoal D Reidhe, 2085

ot -5 €an{ ¥

T BTG 3 B4 3 fi 4

! 5687 B9
A5 2 5 43 63

1
=

[1] 123 5 4 87 6 7 94 5 56435 2 5687 8 925 4 54565

When entering data from the keyboard using scan() function, one has to hit the enter button twice
to stop scanning. Then R stops scanning and loads the data into the object.
The function scan() is also able to read data from external file.

(i1) Loading data in R from an external file:

Most often the data may not be just a few observations. There may be quite many variables and
observations. In that case, the data may be in a spreadsheet or some other external file, or from
some other statistical software or from some web page. R provides facilities for loading data
from each of them.

(a) Reading data from text file:

Data in text file should be kept such that the individual observations are separated with a
delimiter. Some commonly used delimiters are “,’,*:’,‘t’,* ’ i.e., blank space, “”, ‘@’, ‘&’, “*’ etc.
But be sure that none of the observations or variables in the data set have any of those characters,
otherwise data will be loaded improperly and there may be error in loading of data.

Consider a text file contains landings of a particular species in the month of January and July
during 2010-2015 with comma(*,”) as a delimiter.

Year,Month,Catch

2010,jan,53

2010,jul,41

2011,jan,52

2011,jul,55

2012,jan,43

2012,jul,47

2013,jan,36

2013,jul,38

2014,jan,61

2014,jul,58

2015,jan,47

2015,jul 45

Let the file name is Landings.txt and is kept in the working directory. This data can be

loaded in R by using the function read.table() as follows:

> mydata=read.table("Landings.txt",header=TRUE,sep=",")

> mydata
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Console  Terminal

R -~ R44.1 . DJCMFRI/Lectures delivered,Winter school_Dr. Rekha_2025/
= mydata=read.table("Landings. txt", header=TRUE,sep=",")
= mydata

yvear Month Catch

1 2010 jan 53
2 2010 jul 41
3 2011 jan 52
4 2011 jul 55
5 2012 jan 43
& 2012 jul 47
72013 jan £l
g 2013 jul 38

9 2014 jan 61
10 2014 jul 58
11 20153 jan 47
12 20153 jul 45

o

The first argument of read.table() refers to the external file. The second argument header=TRUE
tells R that there is a header in the Landings.txt file, and those are used as variable names for the
data. If there is no header in a text file, then header=FALSE should be used. Third argument
sep="," tells R that observations are separated by a °,”. There are other arguments to read.table()
function, but these three are essential. The details of the usage of the function read.table() is
available with help(read.table) in the Console.

(b) Loading data from a spreadsheet:

There are some other functions to read files with specific delimiters. The function read.csv()
function loads comma separated value (csv) files, i.e., files with comma delimited observations,
read.csv2() function loads data from semicolon (°;’) delimited files, read.delim() and
read.delim2() functions load data from tab delimited files.

(c) Loading data from a spreadsheet:

To load data from an excel file to R, the relevant worksheet may be saved into a tab delimited
text file or into a csv file and then the text file or .csv may be loaded using read.table() or
read.csv() function. However, if you want to read the data from excel directly into R, a package
called xIsx is needed. An example of loading data from excel is shown below.

> library(xIsx)
> read.xIsx("myfile.xlsx", sheetName = "Sheet1")

(d) Reading data from a webpage:
Suppose some data is available on a webpage. To read a dataset from a web page the function
read.table() can be used with the complete address of the page. For example,

> webdata=read.table("http://cmfri.org.in/datasets/effort.dat")
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10. R Commander: A graphical interface for R

Remdr (R Commander) is a graphical user interface for R that simplifies data analysis by
providing easy access to commonly used commands through an intuitive interface. It’s
particularly useful for users who are new to R, enabling them to perform analyses without
needing extensive coding knowledge. Additionally, Remdr helps users learn R commands as they
work, fostering the development of command-line skills necessary to fully utilize R’s powerful
features.

Loading R commander:
install.packages(Rcmdr)

library(Rcmdr)
A Caaerands _ = o
kil ki Dol Ssmsc bend Hegae Denbatess  Taal  Hii
“ Dt in itk i sl " e A Naiw Clils sl Pl B MG SRE rladad
150 | pskdvar
iy g Pk
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Active data set:
"
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Summary of the active data set:

# E Commandar - m] x
File ¢ Dwie Swisics Guphy Modsh  Diorbuters Tocls  Help

[ Dty s i ||hh;|n_'| guh:ujel..-'
‘R Cofigescy b & Manenol semmans.. gt |

B ovipe R Mardn Plesy; o Freguenny detrilsitins .

L Pedpaning L] ot iesgeng ok sy atins
TP rpm ENHICES ¥ Takde of sigtenics.,
el FOnpaaRR e F GO L
rawasrpiLamd  Dwmassonsd gm0 Crrralstan teri
? Fit moduh ] Tust af narmabty -
Trarafzrn boward necrmaddy-..
Cuspt e il
* Llandizsps . @- raad:rable |"T SHAL ecsuzer delivazed/Fineer wobeool Do Bekla 2023 landizge, txt™.: Ssadec=TRIOE,

+ acrivgalsFaqcors=TROE, sep=" R, o&;acrisgs="BRR, des=n @  gcrip, wilre=TROE)
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wizh =hie singis-docsnent iaterfsss (FOL) | - ses P0omander,
[Z) WCTE: Ihe Sacamst Lesdangs Sas il cose and I colaend.

Menu options:

Data | Statistics Graphs Models
Mew data set...

Set mndom number generator seed..,
Load data set... [ i =
oa a [ e i ive mndel

Merge data sefs... r 7
Binomesl distnbution ’

Tmpo_rt data 4 Poisson distibution k
Data in packages 4 Geometric distibution ¥
Active data set 4

Hypergesmetnc distnbution b
Poegatoee binomial distribuhon ¢
r

Manage variables in active data set ¥
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Graphs | Modek  Dissibutions  Tool

Coler palette., t
ks plat_ i
Dok plot...
Hetogram...
Plok dizcrete numenic veriable... i | Models | Disinkations  Tools  Help
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11. Some examples

The following data (Landings of Bombay duck, Crabs, Indian mackerel, Ribbon fishes and
Sharks during 1997-2017 along A.P. coastline) is used for illustrations:

Year Bombay Crabs Indian Ribbo  Shark

duck mackere n S
1 fishes
1997 951 3491 15767 11273 3561
1998 732 3326 14879 8471 2956
1999 1032 3014 19681 20170 6871
2000 693 2791 9834 13842 4914
2001 2165 2929 9306 7278 3257
2002 1754 4955 14206 18372 1613
2003 701 5113 22572 15565 1921
2004 2986 6877 20209 9995 2250
2005 1318 5405 17665 6398 1855
2006 1821 6804 13004 16522 3806
2007 1832 5324 7903 11449 4434
2008 688 4678 18127 15960 2194
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2009 556 6757 23078 11895 2737
2010 1053 6298 19564 9363 1263
2011 1262 5718 22410 15348 2068
2012 1057 7041 28407 21777 1385
2013 1335 5008 33716 18800 1319
2014 930 7007 55631 20269 1352
2015 443 5543 28236 8808 971
2016 466 4571 22849 14993 819

To read the file:
Landings=read.csv("LandingsData.csv",header=TRUE,sep=",")

To get a summary:

Consok  TetmiEai
- Bd49 - DCMFR Leckous culrewrec i nier schea] On Qecia 30035

» Landings=read. csvi® Landingsbata. cax”  header=TRUE ,z=p=" "]

» SuUEmAryLLancings)

TEAr sonbay. diuck crahbs rredd art, mackerel ribbon, Fishes sharks

win 11907 LR 443 min 17 win DF7abi min 1 63198 Wi R
LET Qa3 2002 157 O, © &3 15T Qu. 2&301 15T Ou, 114711 15T Ou. 4 9EI7 15T gQu. 11377
Median 2006 Medizn ;1042 PMedian ;5218 Vedian ;15623 Medbian 144148 Median 2131

WMean 206 HM=an -11B3 Mean 2313 Wean CIDE3Z fean cL38Z7 Mean S
Frd Qu. 1ZELL arg Gu, :1440 Jrd Qu. 2E413 Frd Qui. 23906 ird Qu. *LEDES Frd Qu. 13333
LELR (ZHLE man, 2988 manx 7041 max, (55631 mMax. 2ATTT mis. (€671

To make plot the landings:
plot(Landings$ Year,Landings$Crabs,main="Crabcatch[1997-2016]",xlab="year",ylab=
"catch(kg)" )

Crmboaical 1 ET -0

L,

vl o +al L] AT
To make a histogram:

hist(Landings$Sharks, main="Histogram for Sharks catch [1997-2016]", xlab="Catch (kg)",
col="darkgreen", breaks = 5)
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Fisingram for Sharis ceich 13377010

Ladety P

To make a Box plot:
boxplot(Landings[,-1], main=" Catch of various species", xlab="Species", ylab="Catch(kg)")

Sateh of varnoes Species

AL

i

e

STl p ok LS Fufdf Foalbied LT i S i

To make a Stem and leaf plot:

> =2tem(Landings$Shark)

The decimal point is 2 digit(s) to the right of the |

0O | 803344639
2 | 12370368
4 | 49

§ | o
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L'

stem[Landing=s%5Sharks, scale=2)

The decimal point is 3 digitis) to the right of the |

=]

|

| 03344609
| ‘Lo
| 0368
| 49

|

|
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stem|{Landings$Sharks, scale=3)

The decimal point is 3 digit{=s)} to the right of the |
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To make plot of all the species landings together:
plot(Landings$Indian.mackerel, type = "o0",col = "red", xlab = "Year", ylab = "Catch (Kg)", main
= "Time series of Catch", ylim=c(500, 60000), pch=19,cex=1.5)

# type ‘0’ means both point and lines

lines(Landings$Crabs, type = "0", col = "blue",pch=19,cex=1.5)

lines(Landings$Bombay.duck, type = "o", col = "darkgreen",pch=19,cex=1.5)
lines(Landings$Ribbon.fishes, type = "o", col = "violet",pch=19,cex=1.5)
lines(Landings$Sharks, type = "o", col = "orange",pch=19,cex=1.5)

# pch gives Solid bold circles, cex Increases the size of the points
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To prepare a scatter plot matrix

pairs(~Bombay.duck+Crabs+Indian.mackerel,data=Landings, main=" Scatterplot Matrix")
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To study length-weight relationship:

len<-c(90, 128, 112, 68, 56, 58, 111, 111, 115, 65)
wt<-c(9.3,32.5,19,4.4,2.1,2.8,16.1, 17.9, 22.7, 3.4)
logL<-log(len)

logW<-log(wt)

Im1<-lIm(logW~logL)

summary(lm1)

Call
lo(fioowals = laogl LogLl

Besidoals
Blim ig He=zmrs g Hax
=2, 14942 204857 -0 02T4S - P.0E26E (11233
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library(FSA)
fitPlot(Im1,xlab="log Total Length (mm)",ylab="log Weight (g)",main="")

"
"

o Wl il |

i Tiookat | IL i i |

To test HO : B =3 = HO : “Isometric growth” HA : f & 3 = HA : “Allometric growth”:

> hoCoef (Iml, 2, 3)
term Ho Value Estimate 5td. Error Eodf p value
2 3 3.092374 0.09820357 D.9406334 8 0.3744233
|

# ‘2’means second coefficient and ‘3’ means the value of HO
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8. Extraction of Otoliths -Practical guidelines

Sangeetha A. T., Vishnupriya K. M., Dr. Rekha J. Nair
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Kochi

Otoliths are small calcium carbonate structures found in the inner ear of fish and are used for
age determination. Place the fish on a clean dissecting tray with its dorsal (top) side facing
upward. If large, secure the fish to prevent slipping. Feel for the bony part of the head just
behind the eyes; this is where the otoliths are located. Use a sharp knife or scalpel to cut
through the top of the skull. Make a small incision from just behind the eyes towards the
middle of the head. Be careful not to damage the otoliths. Carefully lift or remove the skull
bone to expose the brain. The otoliths are located beneath the brain in the inner ear chambers.
Use forceps or tweezers to extract the otoliths gently. There are typically three pairs of
otoliths: the sagittae (largest), lapilli, and asterisci. The sagittae otoliths are commonly used
for aging studies. Rinse with clean water or ethanol to remove any tissue or debris. Air-dry or
store in a labeled vial for further analysis.

Sagittal otoliths are located within the otic capsule that forms the ventral, posterior portion of
the cranium. The otic capsule is made up predominantly of the exoccipital, basioccipital and
parasphenoid bones. Sagittal otoliths are most commonly extracted either 1) dorsally by
opening the cranium using a sawing device, or 2) ventrally by removing the gills to expose
the otic capsule which can be levered opened using bone cutters or scissors.
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1) Dorsal extraction of sagittal otoliths through an incision that opens the top of the head
at the base of the nape above the eyes.

sagittal otalith

2) Ventral extraction of sagittal otoliths at the base of the cranium (anterior to left)
through the otic capsule (comprised of the exoccipital (Exo.), basioccipital (Bas.) and
parasphenoid (Par.) bones) by cutting the suture between the basioccipital and
exoccipital bones at about a 45° angle using bone cutters and levering open. SL -
subopercular ligament.
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3) Lateral extraction of otoliths involving an initial incision at the dorsal junction of the
gill arches and parasphenoid process under the operculum (b) using a chisel to shave
off the thin lateral portion of the basioccipital bone of the otic capsule.

(c) the left sagittal otolith is visible within the otic capsule; and (d) otolith removed using
forceps.

Reference

1. Wakefield, C. B., Boddington, D. K., &amp; Newman, S. J. (2016). Rapid lateral
extraction of otoliths that maintains the integrity of fish product to improve access

to catches and reduce potential sampling biases. The Open Fish Science
Journal, 9(1).
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9. Giants of the Sea: Diversity and Taxonomy of Marine Mammals in India

Dr. R. Ratheesh Kumar, Durga V., Zainul Abid P. M.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Kochi

Introduction

Marine mammals are warm-blooded aquatic vertebrates belonging to the class Mammalia.
They are a diverse group of mammals with unique physical adaptations that allow them to
thrive in the marine environment with extreme temperatures, depths, pressure, and darkness.
They rely on lungs for breathing, use fins and flippers for movement, and nurse their young
with milk. These animals are categorized into four distinct taxonomic groups: cetaceans
(whales, dolphins, and porpoises), sirenians (manatees and dugongs), pinnipeds (seals, sea
lions, and walruses), and marine fissipeds (sea otters and polar bears). While cetaceans and
sirenians are fully aquatic, the other groups spend part of their lives on land for specific
biological needs'.

Cetaceans are categorized into two main groups: baleen whales (mysticetes) and toothed
whales (odontocetes). They spend their lives in water, and have many adaptations to their
entirely aquatic lifestyle. There are over 70 different species of cetacean. Pinnipeds are in the
suborder pinnipedia, which means “fin-footed.” These carnivores use flippers to move both
on land and in the water. Pinnipeds spend the majority of their lives swimming and eating in
water and come onto land or ice floes to bear their young, rest, and molt. Like
cetaceans, sirenians also spend their whole lives in water. They are the only entirely
herbivorous group of marine mammals. Sirenians are named for sirens, the legendary Greek
sea beauties that lured sailors into the sea. Some think historic mermaid sightings were
actually sirenians, not the mythical half women, half fish. The marine fissipeds are
considered marine mammals, but spend most of their time on land and only part of the time in
the water, mainly to hunt for their food.

As keystone species, marine mammals play a crucial role in ocean ecosystems. Their
population dynamics can trigger cascading effects in the food web, ultimately impacting
human communities. Their wide distribution, large body size, and predatory nature make
them significant influencers of marine food webs, affecting both the structure and
functionality of aquatic ecosystems. They inhabit a variety of environments, including
tropical, subtropical, temperate, and polar regions, as well as estuaries and coastal areas
connected to major river systems. These species contribute to prey-predator interactions,
nutrient cycling, and habitat modifications, shaping the marine environment in multiple
ways’.

In recent years, marine mammals have faced numerous threats, including accidental
entanglement in fishing gear, vessel collisions, and entrapment in water regulation structures,
pollution, ocean acidification, disease outbreaks, harmful algal blooms, seismic disturbances,
and rising ocean temperatures. These challenges highlight the urgent need for conservation
and sustainable management to maintain their population levels, distribution, and
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biodiversity, ensuring a balanced ocean ecosystem. Taxonomy plays a fundamental role in
conservation efforts by helping to define population structures and species classification,
which are essential for determining conservation priorities.

Globally, marine mammals are represented by 21 families (including 8 monotypic families)
and 135 recognized species, distributed among the four major taxonomic groups. According
to the IUCN (2009), 25% of marine mammal species are classified as threatened, with several
species at risk of extinction if conservation measures are not effectively implemented.
Without urgent intervention, many of these species could disappear, disrupting marine
biodiversity and ecological balance''.

Marine Mammal Diversity Of The World"’

Order Infraorder Parvorder Family No. of Species
Carnivora (38) Arctoidea (3) Ursida Ursidae 1
Mustelida Mustelidae 2
Pinnipedia (35) Otariidae 15
Odobenidae 1
Phocidae 19
Artiodactyla (92) Cetacea (92) Mysticeti (15) Balaenidae 4
Neobalaenidae 1
Eschrichtiidae 1
Balaenopteridae 9
Odontoceti (77) Physeteridae 1
Kogiidae 2
Ziphiidae 23
Platanistidae 2
Iniidae 1
Lipotidae 1
Pontoporiidae 1
Monodontidae 2
Delphinidae 37
Phocoenidae 7
Sirenia (5) Trichechidae 3
Dugongidae 2
Total 135

Marine Mammals Diversity Of India

In the Indian seas, the marine mammals are represented by cetaceans and sirenians, and they
together contribute 28 species'” ¢, comprising almost 25 percent of the world’s marine
mammals, and almost 8% of all mammalian fauna recorded in India'. The sirenian group in
India is represented by a single species, Dugong dugon. The Wildlife (Protection) Act 1972

of India listed all the marine mammal species under Schedule 1.
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Taxonomy Of Marine Mammals

The identification of marine mammals employs a variety of techniques, ranging from
traditional morphology-based taxonomy to advanced molecular tools. Classical taxonomy
relies on physical characteristics, while acoustic detection distinguishes species by analyzing
sound frequencies. Molecular methods such as DNA barcoding (COI, 16S rRNA), mass
spectrometry (collagen peptide mass fingerprinting), and environmental DNA (eDNA)
analysis (droplet digital PCR) have become increasingly valuable in species identification.

Next-Generation Sequencing (NGS) is frequently used for studying cetacean populations by
reconstructing mitogenomes, genomic single nucleotide polymorphisms (SNPs), and
complete nuclear genomes, providing deeper insights into their evolutionary relationships and
population histories. Current molecular research on cetaceans includes DNA barcoding’,
eDNA analysis’, whole genome sequencing’, mitogenomics®, and market sample
identification’. However, despite the precision of molecular approaches, their high costs and
the difficulty of obtaining fresh tissue samples make morphological identification the more
commonly used method.

Marine mammals can be identified based on morphological traits, such as flipper-to-body
ratio, coloration patterns, tooth count, body shape, head structure, throat grooves, dorsal fin
position, fluke shape, body color, and blowhole placement. In visual surveys, blow patterns
are key indicators of species identity. Photo-identification, which involves capturing images
of dorsal fins and flukes, helps distinguish individual cetaceans and is useful for studying
group size, population structure, and species composition. Repeated photo sessions from the
same location over time allow researchers to monitor resident and migratory populations and
assess reproductive success.

Identifying marine mammals in the wild differs significantly from identifying stranded or
deceased individuals. Even under optimal conditions, observers often catch only fleeting
glimpses of splashes, blows, dorsal fins, flippers, or backs, making accurate identification
challenging, especially at great distances'.

Classification

Order: Artiodactyla

Infraorder: Cetacea'*

All cetaceans share a similar streamlined body structure
Nostril(s) on the top of the head make up the blow hole, with one in odontoceti and
two in mysticeti

e Propulsion by up and down movement of tail ends with a flattened paddle like
cartilaginous fluke

e Telescoping in skull- restructuring process that pushed the nasal passages posteriorly
in the cetacean skull'
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Body is enfolded in well-developed blubber layer

e Newly derived boneless structures in the form of tail flukes and a dorsal fin or ridge

Parvorder: Mysticeti (Baleen Whales) '°

This group has the largest animal on the planet. Antarctic blue whale, weighing up to
181 tonnes (approximately 33 elephants) and reaching up to 98 feet in length

Paired nostrils or blowholes are longitudinal slits situated at the top of the cranium
causing a V-shaped blow

Wing like flipper movement helps in the propulsion of the body

Presence of baleen (keratinaceous baleen plates (or "whalebone")) instead of teeth in
their mouths to sieve planktonic creatures from the water

Indian baleen whales are represented by the family Balaenopteridae

Key Characteristics For Whale Identification

Shape of head

Shape and location of dorsal fin
Body color and pattern

Baleen plates colour

Number of ventral (throat) grooves
Flipper length and shape

Girth to length ratio

Head length to body length ratio

Family: Balaenopteridae

Members of this family also known as rorquals, contains the gigantic animals ever to
live

In India Balaenopteridae comprises 6 species belonging to 2 genera: Balaenoptera and
Megaptera

Except the humpback whale other members shares a streamlined body with a series of
long pleats from the snout tip to as far back as the navel on the ventral surface

Lunge feeding is an extreme, fast and active feeding method, their morphology allows
them to accelerates to a high velocity and then open their jaws wide and distend their
throats to take in huge mouthful of water during feeding

The baleen plates are of moderate length and fringe fineness. Density and fringe
diameter- vary among species, and along with plate number and width to length ratio,
are diagnostic characters

Dorsal fins situated behind the midpoint of the back at 2/3"* 3/4™ of total length.
Pleated throat grooves distinguish balaenopterids from other whales.
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Balaenoptera musculns (Linnaeus, 1758) —
Blue whale

Blue whales have a very small dodzal fin,
measuring about 1% of its tofal body
length, positioned at approxumately three-
quarters of ts body length It possesses
260 to 404 black baleen plates per side.
gach with black bristles, and all ihree sudes
of each plate are roughly equal in length.
The body s bluish or heht grey wath prey
patches om the dorsal surface. It has 60 fo
80 ventral grooves that extend near the
navel. The maximum recorded body length
15 33 meters, though most adults tvpreally
measure between 23 to 27 meters, while
newboams are about 7 1o & meters long,
According to the IUCN. this species is
¢lassified ns Endangered.

Balaenoptera pliysalns (Linnaeus, 1758) =
Fin whale

Fin whales have a Veshaped head when
viewed from sbove, with a pomted tip [t
features a ridee en the upper side of the
mouth and another prominent ndge between
the dossal fin and fluke, The baleen plates,
nmumbering 260 to 480, are grey with white
streaks on the sides. Its  coloration  is
asymmetrical, with the lefi sude of the head

appearng grey, while mmch of the right side
15 white. The back is dark with light streaks,

and the belly iz white. The wall, falcate dogsal
fin is positioned farther forward on the
caudal peduncle. The species has 50 to 100
ventral grooves, extending up to the navel
Adults can reach a maximmun length of 27
meters in the Southem Hemisphere and 24
meters in the MNorthemm Hemisphere.
According to the TUCN, ths species is
classified as Vulnerabla,

Buolwenvprera borealis Lesson, 1828 -
Sei whalel”

Se1 whales have a pomted rostrun, with a
slightly downward-turmed snout at the tip,
Its pectoral fins are relatovely  short.
makmng up only 9%—10% of the total body
length, and are pointed at the ups. In
possesses 32 to 60 ventral pleats, with the
longest extendmg past the flippers but
stoppang well short of the navel The 300
to 3R0 pairs of baleen plates are black with
pusnerous whitish brisiles and measure less
than B0 cm i length. The flippers are
eptirely dark. and the species features a
single median ndge. The maximum
recorded body length 15 19.5 meters.

HBalgenoptera edend Anderson, 1878 -
Bryde’s whale

Bryde’s whales have a ponted head with
tlwee prominent ndges on the dorsal side
of the rostrum, It features 40 to 70 ventral
pleats that extend to the wmbilicus, The
baleen plates, numbeting 250 to 370 per
side, are slate-grey with white to light grey
frimges. The head colomton is
syminetrical, and the dorsal fin s tall and
well falcate. Its dorsal profile 15 dark grey,
while the ventral side is lighter, The fip of
the lower jaw is dark. adding to ifs
distmctive appearance. The maximum
recorded  body  length 12 14 meters,
According to the TUCN, this species is
elnssified as Least Concanm,
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Balaenoptera acutorosirata Lacepede, 1804 -
Common Minke whale

Minke whales have a sharply pomted. ¥4
shaped head with a promunent ndge on the
upper rostmm. Its tall, falecate dorsal fin is
positioned at about two-thirds of the body
length. The body iz dark grey wath shaded
lateral sides, It has 30 to 70 throat grooves
that extend just past the flippers. The 231 to
360 baleen plates per side are cream-colored
with coarse bristles, measurmg less than 21
cin i lengih. Theses plates ave predominamily
white or  vellowish-white, sometimes
featuring a deack margm along the outer edge.
The species often has conspicuons white
bands on the upper surface of the flippers.
The head appears 5l|:=|r|.1n|1_.-' |'|rq||'rer] when
viewed from above, and the maxnomm body
length 15 9 meters. According to the IUCN,
this species 15 classified az Least Concem.

Megapiera novacangliae (Browski, 1781) -
Humpback Whale

Humpback whales have a robust and
stocky body. with the top of its head
covered in knobs, inchiding a prominent
cluster at the tip of the lower jaw It
features distinet tubercles near the hips and
chin. The elongated flippers make up one-
fourth to oone-third of the total body length
and have knobs along the leading edge
I'he small dorsal fin is typically positioned
on top of an obwvious hump. The body s
prumarily  bBlack  and  dark  grey
coloration. It has 14 to 35 ventral grooves
that extend beyvond the navel. The baleen
plates, numbering 270 to 400 per side,
ratge from Black 1o olive brown with grey
bristles and are less than 30 cm long

Parvorder: Odontoceti (Toothed Whales) '*

Represented by 6 families (India)

These are small to medium sized cetaceans except sperm whales (male of which can

grow at least 18 m)
Presence of teeth throughout life
Single blow hole
An asymmetrical skull with
'] Concave profile
'] Sternum with 3 or more parts
'] Complex system of nasal sacs

'] Fatty organ in the forehead area called the melon

e (Capable of echolocation to
[] Navigate
71 Find food
T] Avoid predators

Family: Physeteridae (Sperm Whales) "°

The sperm whales are the largest toothed cetacean

There is a low dorsal hump, followed by a series of crenulations

Has a large head with a squarish profile, narrow underslung lower jaw, and functional
teeth only in the lower jaw (these fit into socket in the upper jaw)
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Caudal flukes are triangular and very thick

Blowhole located at the left front of the head

Head is divided into sections called the “junk” and the spermaceti organ or “case”
The spermaceti: is large oil filled reservoir

Capable of very deep and long dives

Lhyseter macrocephalus (Linnaeus, 1758) -
Sperm Whale

Sperm whales have a large, squarish head,
makmg up 20 to 30% of 1ts total body length,
aleag with & pacrow lower jaw. Dis fippers
are short and broad, wlile the dorsal hnmp s
small, thick, and round, followed by a series
of crenulations along the midlme. [t possesses
18 (o 26 paus of teetl found ooaly in the
lorweer jaw, which fit into sockets in the upper
jaw. The body 15 black to charcoal grev. with
white lips and a winte mtenor mouth. It has 2
to 10 short theoat prooves amd a distinetive 5-
shaped blowhole, located on the left side at
the fromt of the head. The maximmmm recorded
size 15 |8 meeters, According to the TUCH,
thiz species is classified as Vilnerable.

Family: Kogiidae®

Blunt squarish heads not more than 15% of the body length with very short rostrum
Blowhole is not located at the front of the head
Dorsal fin is larger than the sperm whale

8 to 16 long thin and sharply pointed homodont teeth in each side of lower jaw, fitting
into upper jaw sockets

Similar to that of sperm whales, Kogiidae also possess spermaceti in their head

Body size less than 4 m
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Kogia breviceps (Blaninville, 1838) —
Pvgmy Sperm Whale

Pramy sperm whales has a small, squarish
head with a finy underslung lewer jaw. A
hump is present on the dorsal sule between

the blowhole and dorsal fin. The well-
curved dorsal fin 15 positioned behmd the
midpoint of the boady, while the fippers are
sef close 1w the head. Throat creases are
genarally absent, and the dorsal fin 1= short,
measuring less than 5% of the total body
lenpth. The distace from the tp of the
smont to the blowhole is greater than 10,3%
of the total body length. It has 12 to 16
sharp, fang-like testh m each half of the
lower jaw, thongh oceasionally, imdmviduals
may have 10 to 11 teeth. The maximmmn
recorded body lemgth s 3.5 meters.
According to the TUCN, this species is
classified as Least Comcern

Kogia sima Owen, 1866 - Dwarf Sperm Whale

FAQ
Dwvart sperin whales has a tiny underslong

lower jaw and a triangular or squarish
head. Unlike zome related species, il lacks
a bump on the dorsal sude between the
blowhole and dessal fin, The dorsal fin s
tall and shghtly falcate, while the small,
blupt-tippad dippers are posiliohed near
the head. It has a par of short throat
grooves and 7 to 12 pais of shap, fang-
like teeth in the lowar jaw. The distance
fromn the fip of the soout to the blowhole s
greater than 10.2% of the total body
length. The maxmmum recorded size is 2.7
meters. Ac¢cording to the TUCH, thas
species 1& classibied as Least Concemn.

Family: Ziphiidae

Have a pronounced beak in general

characteristic of this family*'

Beaked whales are medium size cetaceans (4 to 13 m long)

Relatively small dorsal fin set far back on the body
Small flippers that fit into depressions on the sides
A pair of converging grooves under the throat, and the notch is absent in the tail fluke.
Not more than 1 or 2 pairs of exposed teeth in the lower jaw of males only
The blubber of these whales is predominantly composed of wax ester, a unique
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fndopacetus pacificas —
Longman's beaked whale

b

Longman’s beaked whales has a large and
robust body, with a bulging forehead and a
moderate-length  tnbe-shaped beak, Tts
beak features a single pair of oval teeth at
the tip of the lower jaw. The large, falcate
dorsal fin s positioned  belusd  the
midpoint of the body, while the broad
flukes have straight trailing edges. It has
small, blumt flippers and a par of V-
shaped mrooves on the throat The body
eoloration tanges from umber brown fo
bluish. The maximnum recorded size 1= 6
maters. According fo the TUCN, this
species i5 classified as Least Concern

Liphiuns caviresiris Cuvier, 1823 -
Cuvier’s Beaked Whale

Cuvier's beaked whale has & slender vet
relatively  robust body compared to other
beaked whales. Its head 15 short relative to
body size. with a poorly distinct beak. The
forehead slopes smoothly and iz slighthy
goucave m front of the blowhele. The body
coloration 15 light msty brown, wath a lighter
area around the bead, and the mouth hne
ciives pently upward. It has small, rovnded
flippers and a single par of YVeshaped throat
grooves. The small, faleate dorsal fin s
positioned near the hind end of the body. A
single pai of teefh, directed forward and
upward, is present at the tip of the lower jaw,
but these are exposed only i adult males,
The maximum recorded body lemgth 1= 6
meters. According to the TUCN, this species
is classified as Least Concem

Key Characteristics For Identification Of Dolphins

Shape and location of dorsal fin
Shape of flipper

Shape of head

Colour and pattern of body
Teeth count

Family: Delphinidae®

e Many small to medium sized odontecetes of various forms have been lumped together
in this group, and so the family has been referred to as “taxonomic trash basket” range

in size from the 1 to 10 m

e Most delphinids share the following characteristics

[0 Marine habitat
[0 A noticeable beak
[0 Conical teeth

'] A large falcate dorsal fin set near the middle of the back.

145




ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Orccefla hrevirosieis (Grav, 1866) = reinns orca (Lintaews, 1738) =
Irrawaddy Dolphin Killer Whale

’ Killer whales has a robust, spindle-shaped
hmwi.y dolphins has a mederately robust body with a distinetive Back and white
body with a blunt, bulbons bead, lackmg a coloration. Males have a wery tall, straght,

distmet beak and featumng a  straight erect, or tnangular dorsal fin, winle females
mouthline, & dorsal groove extends from have a shightly shorter, falcate dorsal fin
the neck to the falcate dorsal fin. which is with a pointed or rovmded 1p. A white oval-

positioned just hehmd the midpomt of the shaped patch 5 present behind the eyes,
body, It has an indistinet neck crease and a along with a light gray saddle patch behind
U-shaped blowhole that opens toward the the dorsal fin The flippers are large, oval-
front. The body is gray on the dorsal and shaped. and have blunt tpshis coloration

lateral sides, with a white belly. The upper inchides post-ceular white patches, a white
jaw contams 8 to 1% pams of teeth, while lower jaw, a white ventrolateral field. and a
the lower jaw has 11 w0 18 pairs. The light gray saddle pateh behind the dersal fin
maximmn recorded size i3 2.4 meters, It has 10 to 14 pans of large, oval teeth in
According to the [UCN, this species 1= each jaw. The maximnm recorded body
classified a5 Endangerad length is & meters. According to the TUCN,

thus species 15 classified as Data Delicient.

FPrsendorea crassidens (Owen, 1846) — FPeponocephala elecira (Gray, 15465 -
False Killer Whale Melon Headed Whale

Melon beaded whales hes a moderately

False killer whales has a long, slender, rabust body with a thangular. sharply
cigar-shaped body with a rounded, pomnted, and bulbous head. In younger
overhanging melon and no discermble mdividuals, an  extremely  short  and
beak. The dorsal fin is of moderate height mchistmet beak may be present. A fant cape
with a rounded tip, while the flippers are extends downwards below the tall, falcate
shghtly curved. featwring a destmet Inonp dorsal fin. The lower jaw has wlute lips.
on the leading edge and positioned near contrasting with the chaicoal gray o black
the midpoint of the back Its body is body, which features a white urogenital
predommantly dork ey or black, and patch. kit has 20 to 25 paws of teeth on each
possesses 7 to 12 pairs of lage teeth in side of both jaws, while the flippers are
gach half of both jaws. The maxinum sickle-shaped with sharply pointed tips,
recorded body length 15 & moters The maximum recorded body length s
According to the TUCN, this species is 175 meters. Accordmg to the TUCN, this
classified as Wear Threatenad. species 15 classified as Least Concem
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Feresa aifennata —
Pygmy killer whale™

Pvamy killer whales has a short. rounded
head and a dark gray to black cape. with a
sharp contrast to lighter gray on the sides
It features white patches on the belly and
white |ips on the jaw, The dorsal fin has a
rounded  tip, and  the  species  1s
distinguished by a higher tooth counr, with
approximately 4% teeth—22 m the upper
gaw and 260 the lower jaw. Accordmg to
the IUCH. this species 13 classified as
Least Concern.

Kowsa cirinensis (Osbeck, 1T65) -
Indo- Pacific Humpback Dolphin

& I —_—

Inde- Pacific humpback dolphin has @
robust body with a grey coloration. often
with a bluish, cream, or pink tinge, and a
lighter belly. It has a long, well-defined
beak without a distinet crease. The small,
wide-based dorsal fin is positioned on a
mid=dorsal homp, and it lacks a dorsal
ndge. Juveniles are ight-colored at birth
but darken to prey or brown as they
mature. It possesses 31 to 39 pars of teeth
i the upper jaw and 29 to 38 pans in the
lower jaw. The maximum recorded size is
2.5 meters. According to the TUCN. this
species 15 classified as Volnerable,

Sowsa plambea (G, Cuvier, 1829) -
Indian Ocean Humpback Delphin

Indian Ocean homphack dolphin has a
robust body with a long, well-defined
beak. Its small dorsal fin is positioned on a
dorsal hump. The body 1= typically brown
or grey, sometimes exhimtmg white or
pank coloration o the dogsal fin It has 33
to 39 teeth in each row of the upper jaw
and 31 to 37 w the lower jaw. The
maxmum recorded size 15 1.8 meters
According to the TUCN, tlis species is
classified as Endangered.

KSreno bredanensis (Lesson, 1828) —
Rough Toothed Dolphin

A

Eough toothed delphin has a robast body
with a dark grey 1o black dorsal side and a
white underside, often coversd
seratches and spots, It has a lotig, concal
head with no distinet crease between the
melon and its long beak. A dark grev cape
extemls below the slightly [@leate dossal
fin. The belly, lips, and lower jaw are
white with zpotting. Its flippers are very
large and positwoned farther back on the
Body. It has 19 o 28 shghily wrinkled
teeth m each half of both jaws. The
maximumn recorded body length 18 25
meters. According to the IUCK, this
species 15 clasafied as Least Concemn
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Grrampns grivens (Cuvier, 1812) -
Risso’s Dolphin

h

Risso’s dolphin has a robust body with a
blunt head and no beak, feamring a vertical
crease on the front of the melon. It hes a
very tall, slender, dark falcate dorsal fin with
a pomnted tip. The mouthime stopes upward,
giving it a distinctive profile. Its teeth are
limmed to 2 t0 7 paws at the front of the
lower jaw, with 1 to 2 pairs in the upper jaw,
though they may be absent or extensively
worn. The body 15 prey to white, with
seratches and splotches in adults, while
younger individuals are relatively nnmarked.
The flippers are long, pomnted, and sickle-
shaped. The maximum recorded body length
15 3.8 meters. According to the IUCN, this
species is classified as Least Concem.

{rlobicephala macrorfiynchns Gray, 1846 —
Short-Finned Pilot Whale

Short-fmned pilot whale bulboms, round
head with up-slopig mouth lines md a
short or absent beak. It featnres lomg,
sickle-shaped flippers and 7 to 9 pairs of
short, sharply pointed teeth. The dorsal fin
Boround with oa broad base and s
positioned near the front of the body. Its
body 1z black. with a distinctive white
cape below the dorzal fin. Adults can grow
up e 5 meters o leneth, According o the
TUCHN, tlus species 15 classifiad as Least
Concern.

Fursiops aduvicus (Ebrenberg, 1833) =
Indo-Pacific Bottlenose Dolphin

—

Indo-Pacific  bottlenose dolphin has a
moderately robust body with a short beak:.
which 15 distinetly  separated by a
noticeable crease. [t features a fall, shightly
falcate, and broad dorsal fin. The body is
gray with a white belly, often marked by
prominent black spots or flecks, It has 20
to 26 teeth m each half of the upper jaw
and 18 10 24 in the lower jaw. The
maximum recorded body length s 2.7
meters. Accordng to the TUCN, this
species 1s classified as Near Threatened.

Stenella avennara (Gray, 1846) -
Pantropical Spotted Dol phin

Pantropical spotted dolplin has a faoly
slender body with a long, slender beak thad
has a white tip, distinctly separated from the
melon by a crease. Its fippers are slender
and strongly curved, with a dark stripe
rumting froms the gape to the flipper. The
namowly curved, falcate dorsal fin has a
pomted tip. The body is heavily spotted.
with a dark grev band extending from the
eyve to the apex of the melon, Adults exbsbit
light to extensive spotting and have grey
bellies, though spotting may sometimes be
absent. Tt has 34 to 48 teeth in each jaw. The
maximum recorded size 15 2.1 meters.
According to the TUCN, this species is
classified as Least Concer.
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Stenelia fongirosiris (Gray, 1528) =
Spinner Dolphin

Spuner dolphmn has a slender body with a
lomg, slender beak that features a black tip.
Itz dorsal fin s oerect and mangular o
slightly falcate, positioned mudway along
the bady. The body coloration inchudes a
dark grey cape. transiioning into ligh
grev sides and a white bally, A dark strape
mus between the eve and the ongm of the
fMipper. It has 40 1o 62 very fine, sharply
pointad teeth per row The maximum
recorded size is 1.8 meters. According to
the TUCN, this species is classified as
Leasi Coneern.

Srenelia coerileoalba (Mevan, 1833) -
Striped Dolphin

Striped dolphin has @ moderate snout and is
predominantly black m color It features a
mpderate-length beak. distinctly zeparated
trodn the melon by a crease. Prominent dark
stripes extend frow the eve fo e anus and
fiom the eye to the flipper. Its coloration
ranges from black to dark grey on the back,
with a white belly. A light crey spmal blaze
may extend below the dorsal fin. thongh it is
not always present. Shallow palatal grooves
are often wisible. It has 40 to 50 pas of
slender, pomted teeth w each jaw. The
maximum recorded size 15 2.4 meters,
According to the IUCN, this species is
classified as Least Concern.

Dedfplinns capensis (Gray, 1828) —
Long-Beaked Common Dolphin

Long-beaked common
elongated rostmum with a deep crease
between the beak and melon A distinctive
Veshaped markimg 15 present below the tall,
slightly falcate dorsal fin. A stripe extends
from the chin to the origin of the flipper. and
the thppers are recurved with pomted tips.
The back is dark, while the belly 15 white. A
tan to buff thoracic patch and hght grey
streaked tail stock form an hourglass pattemn
that crosses below the dorsal fin. Tt has 47 to
67 sharp, pointed teeth in each jaw, with the
palate featuning two deep
grooves. The maxmum recorded size 15 2.4
meters. According to the IUCN, this species
15 classified as Data Deficient.

dolphin  has an

longitndinal
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Family: Platanistidae®

Includes the extant susu and the bhulan of the Ganges and Indus rivers, respectively
Long forceps like beak, with front teeth that extend outside the closed mouth
Blowhole is a longitudinal slit

Instead of a true dorsal fin a short dorsal ridge is present

Platanista gangetica (Roxburgh, 1801) -
Ganges River Dolphin®

Ganges River dolphm is recognized as the
national aquatic ammal Its body colos
varies from tan, chocolate brown, or light
blue, with a lighter or pmkish belly. It has
a shit-like single blowhole and a long beak
with sharp. pointed teeth that protrude
from the tront half of the closed mouth. Tt
possesses 26 to 39 teeth m each row and
features a rectangular, ridge-like dorsal
fin. The maximum recorded size 15 2.5
meters. According to the IUCN, thus
species is classified as Endangered.

Family: Phocoenidae'®

They are small cetaceans generally coastal in distribution with no prominent beak
Streamlined body and two limbs that are modified into flippers

Spade-shaped teeth distinguished from the conical teeth of dolphins

Short triangular shaped or no dorsal fin

Exhibit sexual dimorphism in which females are larger than males
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Neophocaena phocaenoides (Cuvier, 1829) -
Finless Porpoise

Fmless porpeise has a round forehead that
nses steeply from the smout tip and lacks a
beak. Instead of a true dorsal fin, it has a
narmow dorsal ndge covered m thick skin,
featurimg several lmes of tiny tmbercles,
Small bumps are present on the dorsal side
behmd the forehead, Its body color 15 grey
or black, with a lighter belly. It has 15 to
22 teeth m each jaw. The fhppers have
large, rounded tips. while the fluke has a
concave trallmg edge. The maxinnmm
recorded size is 1.7 meters, According to
the IUCH, this species 15 classified as
Vulnerable.

Order: Sirenia®

These are herbivorous group of marine mammals

Robust fusiform body with tough and thick skin bearing short hair

They have heavy bones that act as ballast to counteract the buoyancy of their blubber
2 nostrils present on top or at the front of a thick muzzle

External ear pinnae and hind limbs are absent

Forelimbs modified as flippers

Horizontally flattened tail; and dense and swollen bones

Family: Dugongidae

There is only one extant species in the family

Flattened tail is broadened into flukes similar to cetaceans

Rostrum is deflected downwards, presence of erupted tusks in males
Absence of nails on the flippers
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Dugong dagor (Muller, 1776) -
sea Cow Or Dugong

Dugong is the only siwemian found m the
Indo-Pacific. It has a streamlined body
shape, sunilar to cetaceans, and feamres
valve-hke nostrils positioned on top of s
snout. Its meisors develop nto tusks, and
the head is characterized by a downwaid-
deflected muzzle, ending m a "rostral disk"
covered with short, dense bristles, It lacks a
dorsal fin and has smooth skin sprinkled
with short hairs. The flippers are paddle-
shaped and contain no nails. The tail is split
wto flukes with a median notch, while the
tail stock 1s laterally compressed into a
peduncle. The maximum recorded size 15
3.3 meters. According to the IUCN, this
species is classified as Vilnerable

Conclusion

Marine mammals, encompassing cetaceans, sirenians, pinnipeds, and fissipeds, are essential
components of marine ecosystems, influencing food webs, nutrient recycling, and habitat
dynamics. India’s marine mammal diversity is notable, representing a significant portion of
global marine mammal species, with unique species such as the Dugong and various dolphins
and whales. However, these species face numerous threats, including habitat degradation,
accidental entanglement, pollution, and climate change. These challenges underscore the
urgent need for effective conservation strategies to protect these keystone species.

Taxonomic studies, whether through classical morphological methods or modern molecular
techniques like DNA barcoding and next-generation sequencing, are crucial for
understanding the population structure, evolutionary history, and conservation needs of
marine mammals. While molecular techniques offer high precision, traditional identification
methods like photo-identification remain vital for monitoring populations in the wild.

Conservation efforts in India, such as listing marine mammals under the Wildlife (Protection)
Act of 1972, are vital steps toward safeguarding these species. Continued research,
monitoring, and collaboration among government agencies, research institutions, and local
communities will be key to ensuring the survival of India’s diverse marine mammal species.
Ultimately, protecting these creatures not only preserves biodiversity but also ensures the
health and resilience of marine ecosystems, which are critical to the well-being of both
marine life and human populations.
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10. Marine Microbial Diversity
Dr. K. S. Sobhana

Marine Biodiversity and Environment Management Division, ICAR-Central Marine Fisheries
Research Institute, Kochi

Marine microbes are a diverse and complex group of microorganisms that play a crucial role
in marine ecosystems. For the first 2-3 billion years of Earth's history, they were the sole life
forms, likely originating in the oceans and representing the closest living descendants of
primordial life. Photosynthetic microbes, in particular, were responsible for producing
oxygen around two billion years ago, fundamentally altering Earth's chemistry and enabling
the evolution of aerobic life. Beyond oxygen production, these microscopic organisms serve
as essential biochemical factories, driving key reactions in biogeochemical cycles that sustain
ecological balance. Their diverse metabolic processes, both aerobic and anaerobic, are
integral to nutrient cycling, carbon sequestration, and overall ecosystem stability.
Understanding marine microbes is, therefore, vital for maintaining the health of our planet.

Marine microbial diversity is vast, encompassing archaea, bacteria, eukarya, and viruses,
though viruses are not typically classified as living organisms. These microbial groups
exhibit extensive variation in morphology, physiology, and phylogeny, spanning both
prokaryotic and eukaryotic domains. Their remarkable adaptability to diverse environmental
conditions underscores their ecological significance, making comprehensive cataloguing
essential. However, their microscopic size presents challenges for classification and
identification, requiring advanced techniques for accurate characterization.

The diversity of microbial communities varies significantly within and between marine
habitats. These habitats can be categorized based on several factors:

Proximity to ocean Nutrient
features: concentrations:
Euphotic zones Oligotrophic (low
(0-150 m) nutrient concentrations)
Mesopelagic zones Mesotrophic {n'lq:-:!faraté
(150-1000 m) nutrient |evels)
Bathypelagic zones Eeutrophic (high
(1000 m) nutrient levels)

Benthic ecosystems

Microbial diversity hotspots are often found at habitat interfaces, such as air-water,
water-sediment, and host organism-water boundaries. These microenvironments support rich
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microbial diversity but are challenging to study due to their fine-scale variability and
dynamic nature.

Microbial biogeography has gained significance due to the small size of microbes and the
complexity of their environments. Spatial heterogeneity creates diverse ecological niches,
shaping microbial diversity and distribution. Metagenomics, the study of nucleic acid
sequences, has emerged as a powerful tool for identifying and comparing microbial
communities, providing deeper insights into their composition and function.

Diversity indices, including alpha, beta, and gamma diversity, offer valuable insights into the
distribution and composition of microbial communities across diverse marine habitats. Alpha
diversity measures species richness within a single habitat, beta diversity compares
differences between habitats, and gamma diversity assesses overall diversity across multiple
ecosystems. These indices are essential for understanding microbial dynamics and ecological
interactions in marine environments.

~
Alpha diversity
Within one community or
specific Incation.
A
~

Beta diversity

Community differentiation
amang multiple locations,

Gamma diversity

Large-scale diversity across
regions or biomes.

Diversity indices

Marine biodiversity research must conceptualize microbial diversity as a key to
understanding biogeography, community assembly, and ecological processes (Pedros-Alio,
2006). While species richness is important, microbial biodiversity is far more complex.
Estimating microbial diversity relies on statistical extrapolation from small samples, with
richness estimators and rarefaction methods proving effective in predicting bacterial species
diversity. Hughes et al. (2001) demonstrated that non-parametric estimators, in particular,
provide accurate assessments of microbial richness. These methods rely on operational
taxonomic units (OTUs), which can lead to divergence and redundancy in taxonomic
classification. To address this, modern approaches integrate systematics and population
genetics to estimate species richness and phylogenetic diversity based on sequence
frequencies (Martin, 2002). Metrics such as the reciprocal of Simpson’s index (1/D),
F-statistics (FST), and phylogenetic assignment tests (P-tests) have been applied to microbial
datasets (Stach et al., 2003), offering a more comprehensive understanding of both species’
richness and evolutionary relationships. Combining richness estimates with phylogenetic
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analyses enhances insights into marine microbial diversity, thereby advancing ecological
research and conservation efforts.

Recent studies on microbial diversity have uncovered numerous previously unknown
microorganisms with significant roles in oceanic processes. Among them, vast picoplankton
populations, including diatoms, dinoflagellates, picoflagellates, and cyanobacteria play a
crucial role in carbon fixation, regulate nitrogen cycling, and form the foundation of the
marine food web (Zinger et al., 2012). These discoveries highlight the essential contributions
of microbial communities to marine ecosystem functioning and biogeochemical cycles.
Modern technologies, such as molecular techniques and automated fluorescence cell sorting,
particularly metagenomics, which enables DNA sequencing of environmental genomes have
revolutionized our understanding of marine microbes. This is especially significant given that
an estimated 99% of microbial species remain uncultivable. One key discovery is the
dominance of the SAR11 clade (Pelagibacteraceae family) in ocean-surface bacterioplankton,
comprising approximately one-third of surface ocean cells and between a quarter and half of
all oceanic prokaryotic cells. Among these, the highly abundant yet not formally described
Candidatus Pelagibacter ubique stands out for its ecological significance. Despite its
ubiquity, only one strain, HTCC1062, has been successfully cultured in pure form (Rappe et
al., 2002).

Modern microbial taxonomy employs a polyphasic approach, integrating phenotypic and
genotypic characteristics to define species. The classification of new taxa requires pure
culture isolation and characterization under standardized conditions, ensuring consistent
phenotypic traits across all strains. A designated type strain serves as the reference standard.
The 16S rDNA sequence is a key criterion for species demarcation, with organisms sharing
<98.5% sequence identity classified as distinct species. Uncultured microbes, lacking
phenotypic data, cannot be formally assigned to species but may be designated as Candidatus
if their 16S rRNA sequence aligns with known species criteria. Additionally, ecotypes,
microbial populations adapted to specific ecological niches exist below the strain level, often
displaying genetic and phenotypic divergence that reflects their specialized environmental
roles (Koeppel et al., 2008).

Numerical taxonomy assesses organismal similarity using 50-200 biochemical,
morphological, cultural, and susceptibility characteristics. Similarity coefficients or
percentages are calculated between strains, and a dendrogram or similarity matrix is
generated to cluster related strains. Although 16S rDNA sequencing is a primary taxonomic
tool, numerical taxonomy based on phenotypic traits remains a reliable method, often
aligning with genotypic data and modern classification systems. Polyphasic taxonomy
provides a comprehensive framework by integrating phenotypic (e.g., colony traits,
morphology), genotypic (e.g., DNA/RNA sequences), and phylogenetic (e.g., 16S/23S rRNA,
18S rRNA) data. Essential components include 16S rRNA gene analysis, phenotypic
characterization, and chemotaxonomy, while additional techniques such as amino acid
sequencing or DNA-DNA hybridization may be employed as needed. DNA barcoding is
increasingly used to assess microbial diversity, offering rapid species identification. However,
dataset limitations, particularly for eukaryotic microbes, pose challenges. Advances in
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sequencing technologies are continually improving data availability and taxonomic
resolution, enhancing the accuracy of microbial classification.

Marine microbes under the three domains of life

Bacteria, a vast domain of prokaryotic microorganisms, are among the earliest and most
widespread life forms, genetically distinct from archaea and eukaryotes. Ubiquitous in marine
environments, they play a crucial role in nutrient cycling and ecosystem sustainability.
However, only about 1% of marine bacteria are culturable, limiting our understanding of their
ecological functions.

Cultured marine bacteria primarily belong to five major phyla:

e Proteobacteria (diverse Gram-negative bacteria) play key roles in nutrient cycling,
bioremediation, and symbiosis, with some species being pathogenic.

e Cyanobacteria (autotrophic, Gram-negative) are essential primary producers and
nitrogen fixers, though some can cause harmful algal blooms.
Firmicutes (Gram-positive, spore-forming) exhibit resilience in extreme conditions.
Bacteroidetes specialize in degrading complex organic matter.
Actinobacteria, predominantly found in sediments, contribute to decomposition and
produce bioactive compounds.

Bacteria are integral to marine food webs, functioning as decomposers of organic matter and
primary producers, particularly cyanobacteria. Additionally, they establish symbiotic
relationships with marine organisms and are indispensable for maintaining nutrient cycles in
ocean ecosystems.

Archaea

Archaea, belonging to the Domain Archaea, are ancient microorganisms with fossil evidence
dating back at least 3.8 billion years. Unlike bacteria and eukaryotes, they lack a nucleus and
membrane-bound organelles. Initially considered extremophiles, archaea are now known to
inhabit diverse marine environments, including hydrothermal vents and ocean sediments,
with some species tolerating temperatures exceeding 100°C.

Marine archaea are classified into five major phyla:
e Euryarchaeota (methanogens, halophiles, and thermophiles involved in methane
production and sulfate reduction)
Thaumarchaeota (ammonia oxidizers influencing nutrient availability)
Crenarchaeota (deep-sea inhabitants participating in sulfur metabolism and ammonia
oxidation)
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e Nanoarchaeota (small symbiotic organisms)
e Korarchaeota (geothermal-associated species with marine roles under investigation)

Archaea exhibit diverse metabolic strategies, including photosynthesis, chemosynthesis, and
heterotrophy. Methanogenic archaea play a crucial role in the carbon cycle, while halophilic
archaea utilize bacteriorhodopsin to absorb light energy in high-salinity environments.

Microbial eukaryotes

Marine microbial eukaryotes belong to various kingdoms, including Protista, Fungi, Plantae,
and Animalia. Unlike prokaryotes, which are primarily unicellular, eukaryotes comprise both
unicellular and multicellular organisms. Most marine microbial eukaryotes fall under the
Kingdom Protista, where they serve as essential components of marine food webs and
primary production. The diversity of marine microbial eukaryotes underscores their role in
sustaining oceanic ecosystems through primary production, symbiotic interactions, and
nutrient cycling.

Significant groups of marine microbial eukaryotes

Algae Crucial primary producers, algae drive marine food chains through
photosynthesis

Diatoms Abundant in marine waters, these silica-shelled microorganisms
contribute significantly to global carbon cycling

Dinoflagellates Some species form harmful algal blooms, while others establish
symbiotic relationships with corals (zooxanthellae), providing essential
nutrients

Coccolithophores | Characterized by calcium carbonate plates, they influence marine
carbon dynamics and climate regulation

Foraminiferans = Amoeboid protists with intricate shell structures, contributing to

and Radiolarians marine biodiversity and sediment formation

Ciliates Protozoans that use cilia for movement and feeding, occupying diverse
ecological niches
Marine fungi Play a role in nutrient recycling and organic matter decomposition,

though they remain less studied than their terrestrial counterparts

Viruses

Viruses are obligate intracellular parasites, reproducing exclusively within the cells of their
hosts. They consist of a nucleic acid genome (RNA or DNA) enclosed in a protein coat and
lack independent cellular functions, relying entirely on host cells for replication. Due to this
dependency, viruses are not classified within any of the three domains of life. Despite being
non-living, viruses play a crucial role in marine ecosystems by driving genetic diversity
through horizontal gene transfer and influencing biogeochemical cycles. By parasitizing
bacteria and plankton, they contribute to the release of organic matter, significantly impacting
bacterial and phytoplankton mortality. This process, known as the viral shunt, recycles
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nutrients, maintains microbial diversity, and regulates microbial populations, as viral
abundance is closely linked to that of their hosts. Thus, viruses, though non-living, are
integral to marine ecosystems, contributing to nutrient cycling, genetic exchange, and
microbial community balance.

Marine microbial diversity and ecological roles

Marine microbial diversity and the ecological functions microbes perform are fundamental to
the stability and productivity of marine ecosystems.

e Functional Diversity: Marine microbes fulfil essential ecological roles. Photosynthetic
microbes drive primary production, forming the base of the marine food web.
Heterotrophic bacteria and archaea decompose organic matter and cycle nutrients,
supporting biogeochemical processes. Viruses shape microbial community structure,
facilitate genetic exchange, and influence nutrient dynamics through the viral shunt.

e Spatial and temporal dynamics: Microbial communities exhibit vertical stratification,
forming distinct niches based on light availability, nutrient concentrations, and
predation pressures. Seasonal changes in temperature, nutrient levels, and daylight
further drive fluctuations in microbial diversity and abundance.

e Ecological interactions: Microbial symbioses with marine organisms (e.g., corals and
sponges) are essential for nutrient cycling and habitat maintenance. Predation and
grazing by protists and metazoans regulate microbial populations, shaping community
structure, diversity, and resilience. These interactions collectively maintain ecosystem
balance and stability.

Factors shaping marine microbial diversity

Marine microbial diversity is influenced by a complex interplay of physical, chemical, and
biological factors, which vary across environmental contexts.

e Key environmental variables: Microbial communities are shaped by factors such as
turbulence, light availability, temperature gradients, nutrient levels (e.g., nitrogen and
phosphorus), salinity, pH, UV radiation, solar influx, surfaces/interfaces, redox
potential, metal concentrations, and interactions with macroorganisms. These
elements collectively determine microbial richness, composition, and functional roles.

e C(Climate change impacts: Rising ocean temperatures, ocean acidification, and shifting
circulation patterns alter microbial community structures and metabolic processes,
influencing primary production, carbon cycling, and ecosystem stability.

e Pollution and anthropogenic influence: Increased nutrient runoff, particularly nitrogen
and phosphorus inputs, contributes to eutrophication, dead zones, and harmful algal
blooms, disrupting microbial diversity and ecosystem balance.

These factors, individually and in combination, drive the dynamic nature of marine microbial
communities, impacting ecosystem resilience and biogeochemical cycles
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Conclusion

Understanding marine microbial taxonomy and diversity is essential for deciphering
ecosystem structure, function, and resilience. Advances in molecular techniques have
revolutionised the study of microbial communities, providing deeper insights into their roles
in marine ecosystems. Molecular and genomic approaches including 16S rRNA gene
sequencing, whole-genome analysis, and metagenomics, have significantly expanded our
knowledge of microbial diversity. Fluorescence in situ hybridization (FISH) enables spatial
visualization of microbial populations within their natural environments. Advances in marine
microbial genomics and large-scale meta-omics approaches (metagenomics,
metatranscriptomics, and metabolomics) have shed light on microbial metabolism,
interactions, and ecological functions. Cutting-edge analytical tools such as PhyloChip and
GeoChip microarrays provide high-resolution insights into microbial community composition
and functional potential. Single-cell genomics has enabled the characterization of previously
uncultured and elusive microbial taxa. Future research in marine microbial diversity holds
promise for conservation, biotechnology, and ecosystem management, driving innovations in
environmental monitoring, climate resilience, and sustainable resource utilization.
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11. Plankton — Collection and Identification

Dr. R. Ratheesh Kumar., Dr. Vineetha G., Durga V.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Kochi

Plankton are the multitudes of living organisms afloat in the world’s bodies of water and they
lack the ability to move against currents (or wind) on their own. The term "plankton" was
introduced by German marine biologist Victor Hensen in 1887, derived from the Greek words
hals (meaning "sea") and plandé (meaning "drift" or "wander"), originally from the word
halyplankton. Unlike nekton, which can actively swim against water currents, plankton have
limited mobility and instead drift through the water column, carried by currents, winds, and
tides. The individual members of plankton are known as plankters.

The vast majority of ocean life, 98% of its living biomass consists of plankton, tiny and often
invisible organisms drifting with ocean currents. In contrast, the animals we easily see, such
as fish, squid, and marine mammals, make up only a small fraction of aquatic life. Plankton
includes tiny crustaceans, molluscs, and gelatinous creatures like jellyfish and salps, as well
as surface-drifting siphonophores such as the Portuguese man-of-war, which are carried by
the wind. Interactions between planktonic species are complex, with parasitism and
symbiosis being more common than not.

Plankton diversity and abundance vary due to ocean currents, geography, seasonal changes,
climate, and pollution. Favourable conditions of temperature, salinity, and nutrient
availability enable plankton populations to grow rapidly. The most abundant planktonic
organisms are bacteria and archaea, simple prokaryotes without a nucleus or organelles. More
complex eukaryotic organisms, including protists like diatoms, dinoflagellates, and
coccolithophores, reproduce quickly, often forming massive blooms that can be visible from
space. While many blooms are beneficial, some can be harmful, leading to fish or mollusc
die-offs. Certain plankton also release compounds that contribute to cloud formation and
influence climate.

Among the most influential plankton are phytoplankton; microscopic, photosynthetic
organisms that function like terrestrial plants by using sunlight to convert carbon dioxide and
water into organic matter and oxygen. Phytoplankton, including diatoms and dinoflagellates,
form the base of the marine food chain. They are consumed by unicellular organisms such as
radiolarians and foraminifera, which in turn feed zooplankton; countless tiny animals and
their larvae.

Many marine animals, such as corals, molluscs, and crustaceans, begin life as planktonic
larvae before settling on the seafloor as adults. In most species, reproduction occurs sexually,
often without direct mating. Zooplankton releases vast quantities of eggs and sperm, leading
to fertilization in open water. The resulting larvae drift with currents, growing and
metamorphosing into their adult forms. Some, like fish and cephalopods, eventually gain
mobility, while others remain planktonic for life.
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Plankton plays a crucial role in marine ecosystems and global climate regulation. Their
ability to photosynthesize influences atmospheric carbon levels, while their abundance
directly impacts the food web. Despite their small size, these drifting organisms profoundly
shape ocean life.

The following training notes offer an in-depth understanding of the importance of
phytoplankton and zooplankton communities in aquatic ecosystems, along with their
sampling techniques, enumeration methods, and taxonomic classification.

Phytoplankton
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food webs and play a key role in the global
carbon cycle. Despite comprising only
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about 1% of the world’s plant biomass, they
are responsible for nearly half of global
photosynthesis and oxygen production. Additionally, phytoplankton help to mitigate global
warming by absorbing atmospheric CO: through primary production and facilitating its
sequestration in the deep ocean, thereby regulating carbon levels.

Phytoplankton are a diverse group, incorporating protistan eukaryotes and both eubacterial
and archaebacterial prokaryotes. Phytoplankton typically range in size from <2um to 200 pm.
The key groups of phytoplankton found in aquatic ecosystems include diatoms,
dinoflagellates, cyanobacteria, green algae, chrysophytes, and coccolithophorids.

Classification

Based on size: Phytoplankton size significantly influences carbon cycling pathways, food
web structure, nutrient uptake, and the biological pump. Therefore, they are often categorized
based on size as,

e Picoplankton (0.2-2 pm)
e Nanoplankton (2-20 um)
e Microplankton (20-200 um)

Based on Phylogeny: The classification of algae has evolved over time. W.H. Harvey (1836)
was the first to categorize algae based on color, dividing them into three groups: (a)
Chlorospermae (green algae and freshwater forms), (b) Melanospermae (brown algae), and
(c) Rhodospermae (red algae). Since then, numerous researchers have proposed various
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classification systems based on different criteria. The classification proposed by F.E. Fritsch
(1933) is still widely recognized and accepted by algal taxonomists. Phytoplankton consists
of a diverse group of photosynthetic organisms classified based on their morphological,
physiological, and genetic traits. The dominant members include species from the classes
Bacillariophyceae, Dinophyceae, Cyanophyceae, Chlorophyceae, and Prymnesiophyceae.
Additionally, members from Raphidophyceae and Cryptomonads play a significant role in
freshwater and brackish water ecosystems.

1. Diatoms (Bacillariophyceae)

Diatoms, often referred to as the "jewels of the plant kingdom", are widespread algae that
play a crucial role in global aquatic vegetation, forming a significant part of plankton. They
are the most well-known phytoplankton group and contribute approximately 40% of oceanic
primary productivity. Diatoms can exist as unicellular organisms, filaments, or colonies and
contain chlorophyll a, b, B-carotene, and fucoxanthin as their primary light-harvesting
pigments. They are commonly found in cold, nutrient-rich waters worldwide, and have a
crucial role in sustaining oceanic production and in regulation of global biogeochemical
cycles.

A defining feature of diatoms is their silica-based cell wall, known as a frustule, which is
highly intricate and species-specific, aiding in identification. The frustule consists of two
overlapping halves resembling a pillbox or Petri dish, with the outer layer called the epitheca
and the inner layer the hypotheca. The edges where these halves meet form the girdle, which
can be observed in either valve view (one half of the cell) or girdle view (the joined edges).
Diatoms are classified into two main orders based on symmetry. Centrales have radial
symmetry around a central point, while Pennales exhibit bilateral symmetry along the cell’s
long axis. These structural distinctions help differentiate species and contribute to their
ecological significance in aquatic ecosystems. Some common centric diatoms are
Coscinodiscus, Thalassiosira, Cyclotella while the pennate forms include Navicula,
Fragillaria, Diploneis etc.
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Centric Diatom Pennate Diatom

2. Dinoflagellates (Dinophyceae)
Dinoflagellates are unicellular, flagellated organisms that can be either naked or enclosed in
cellulosic plates called theca. They have two flagella; the longitudinal flagella lying in the
surface groove called sulcus and the transverse flagella lying in the surface groove called
cingulum, enabling movement. Dinoflagellates are known for forming large blooms,
commonly referred to as red tides, which can be toxic.

Their primary light-harvesting pigments include chlorophyll a, c, phycobilins, and
fucoxanthin. They are often called fire plants as they are bioluminescent (producing light
through chemical reactions) and emit light upon disturbance. A distinguishing feature of
dinoflagellates is the presence of perforations in their thecal plates, which aid in species
identification. They are often identified based on the shape of their cell (round, oval or
elongated), flagella arrangement, ornamentation of their cellulose armor called thecal plates
and chloroplasts, cell extensions (horns, spines) etc. Common dinoflagellate representatives
are Gymnodinium, Prorocentrum, Dinophysis, Ceratium, Gonyaulaux etc.

AMiEor of apex

Principal features and terminology of a thecate, motile peridinialean dinoflagellate
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Dinoflagellates
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3. Green Algae (Chlorophyceae)

Green algae are microscopic, unicellular organisms, with some forming filaments or colonies.
They can be flagellated or non-flagellated and utilize chlorophyll a, b, as well as various
accessory pigments carotenoids and xanthophylls as their primary light-harvesting pigments.
Their cell walls are primarily composed of cellulose. Predominantly found in freshwater and
saline environments, they are mainly restricted to coastal waters but are widely distributed in
tropical regions, with some species present in the Arctic and Antarctic oceans.

Due to their lack of distinct morphological features, picoplanktonic green algae are often
difficult to identify. Cell wall structure, color and shape of cell and chloroplasts aid in the
identification of green algae. They are classified into two subclasses, Chlorophyceae and
Charophyceae, based on differences in structure, reproductive organs, and reproductive
methods. Most planktonic forms belong to Chlorophyceae, primarily consisting of freshwater
species. This subclass is further divided into 14 orders and 22 families. Common green algae

found in our waters are Spirogyra, Cladophora, Agmenellum, Pediastrum etc.
53 d‘
ﬁ h'

Chlorophytes
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4. Cyanobacteria (Cyanophyceae or Blue-green algae)

A significant portion of marine ecosystems is composed of cyanobacteria, prokaryotic
unicellular or filamentous organisms that appear bluish or blue-green. Previously known as
blue-green algae, this term is now less commonly used. Despite their name, they are not true
algae but rather belong to the domain Bacteria. Unlike typical bacteria, cyanobacteria
perform photosynthesis, making them an essential component of phytoplankton.
Cyanobacteria can exist as unicellular or multicellular organisms, either filamentous or
non-filamentous, with or without specialized nitrogen-fixing cells called heterocysts. Their
cells contain the pigment phycocyanin, which contributes to their characteristic coloration.
They possess cell walls made of peptidoglycan, similar to other bacteria. Certain species are
known to produce toxins posing risks to aquatic ecosystems and human health. Cyanobacteria
are classified into five orders: Chroococcales, Chaemosiphonales, Pleurocapsales,
Nostocales, and Stigonematales. Eg., Anabaena, Microcystis, Nostoc, Trichodesmium,
Lyngbya etc.
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5. Coccolithophores (Prymnesiophyceae)
Coccolithophores are a distinct group of marine phytoplankton classified under the division
Haptophyta. They are characterized by their unique calcium carbonate plates, known as
coccoliths, which encase their cells. These unicellular, spherical organisms range in size from
a few to several micrometers in diameter. While some species have flagella, others lack them.
They are distinguished by the presence of two flagella and a fine, whiplike structure called a
haptonema. Their cells are typically covered with scales.

As photosynthetic organisms, coccolithophores contain chlorophyll a and c», along with
pigments like fucoxanthin and diadinoxanthin. They play a crucial role in the global carbon
cycle, as their calcification process helps remove carbon dioxide from the ocean, contributing
to carbonate sediment formation on the seafloor.

Coccolithophores thrive in nutrient-rich surface waters, particularly in temperate and
subtropical regions, where they form large blooms visible from space. Despite their
microscopic size, they significantly influence marine ecosystems and biogeochemical
processes, impacting climate regulation through carbon sequestration and albedo feedback
mechanisms. Their identification is based on the intricate structure of coccoliths and their
overall cell morphology. Examples of coccolithophores include: Emiliania, Coccolithus, and
Calcidiscus.
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Collection of Samples

Phytoplankton sampling methodology is a crucial aspect of marine research and a multitude
of different devices are available for collecting and enumerating phytoplankton samples, with
the choice of method depending on the target organisms, the depth of water being sampled
and whether the study is qualitative or quantitative. While many sampling techniques may
seem similar, careful planning is essential, especially for long-term monitoring programs.
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Different methods vary in precision and accuracy, influencing how data is interpreted. To
ensure consistency and avoid artificial shifts in community composition, it is crucial to
maintain uniform sampling techniques throughout a time series. For surface water sampling
in coastal waters, estuaries, or lagoons, the techniques commonly used include:

1. Water Samplers

Water samplers such as Niskin bottles, Nansen bottles, and Van Dorn samplers are
commonly used to collect phytoplankton samples from various depths. These devices,
typically made of flexible or rigid plastic tubes, are deployed in an open state and closed
at specific depths using a messenger mechanism. Their capacity generally ranges from 5
to 20 liters.

In oceanic studies, large Niskin bottles are often used alongside CTD (Conductivity,
Temperature, and Depth) probes. While the CTD probe measures key physical properties
of seawater, such as temperature and salinity, the Niskin bottles simultaneously collect
water samples at specific depths, providing valuable data for phytoplankton research.

Niskin Bottle Nansen Bottle Van Dorn sampler

Niskin rosette
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2. Towing Plankton Nets

Phytoplankton nets enable quantitative sampling by selecting organisms based on mesh
size. The effectiveness of net sampling depends on factors such as mesh size, towing
speed, and the composition of species in the water. Surface phytoplankton can be
collected using towing nets with mesh sizes between 5 and 20 pm.

A key advantage of towing nets is their ability to filter large volumes of water,
concentrating phytoplankton, including larger and less abundant species. After
collection, phytoplankton are typically concentrated through settling or sieving, using
mesh sizes between 20 and 200 pm, depending on the target organism size.

Towing Plankton net

3. Plankton pumps
Plankton pumps are integrating samplers that continuously draw water to the surface,
allowing for the rapid concentration of phytoplankton through filtration. As the pump
lowers through the water column, it collects samples from the surface to a specified
depth, making it an efficient tool for sampling in shallow estuaries and coastal waters.
The basic design consists of an inlet pipe lowered to the desired depth and an outlet pipe
covered with a mesh of appropriate size, submerged in a tank of known volume. As
water is pumped through the system, phytoplankton and other particles are trapped by the
mesh, creating a representative sample. A built-in meter records the volume of water
filtered during sampling.
While plankton pumps allow for the collection of large water volumes, frictional
resistance within the pump mechanism can potentially damage delicate phytoplankton
cells. Care must be taken to minimize these effects and ensure sample integrity.

Plankton pump
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Fixing and Preservation

If plankton samples need to be kept alive, they should be stored in an ice chest or refrigerator
but only for a few hours. For long-term storage, it is necessary to use fixatives and
preservatives. Formalin is a commonly used preservative for various organisms, including
plankton. Commercial formalin is a 40% saturated formaldehyde solution dissolved in water.
Due to its strong fumes, it must be stored in tightly sealed glass or plastic containers.
However, commercial formalin may contain impurities such as iron and formic acid, which
can be harmful to plankton by degrading their shells. This acidity can be neutralized by
adding excess calcium carbonate. For preserving net-collected plankton and other samples, a
2% neutralized formaldehyde (formalin) solution is recommended.

Lugol’s iodine solution is another effective preservative, especially for flagellated and ciliated
phytoplankton, as it helps maintain the integrity of their flagella and cilia. It is prepared by
dissolving 10g of iodine and 20g of potassium iodide in 200ml of distilled water, along with
20g of glacial acetic acid. The solution can be made a few days in advance and should be
stored in a dark bottle for optimal preservation. Typically, Lugol’s iodine is added to seawater
samples at a ratio of 1 part Lugol’s to 100 parts seawater. For a 250ml sample containing
nanophytoplankton, about five drops of Lugol’s solution are sufficient. Lugol's iodine also
helps release gases trapped in cell vacuoles, kills cells, stains them, and adds weight to the
algae. Additionally, a 4-5% formaldehyde solution is used as a phytoplankton preservative.
Phytoplankton samples should be stored in iodine-proof glass bottles, properly labeled with
the date, time, and location of collection. They must be kept in cool, dark conditions, and cell
counting should be conducted as soon as possible, as prolonged storage can lead to cell
distortion and damage. After fixation, phytoplankton are concentrated for enumeration
through the settling and sedimentation method. This involves placing the fixed samples in
Utermohl sedimentation chambers with capacities ranging from 5 to 100ml for 24 hours. The
concentrated cells that settle at the bottom of the chamber are then separated and examined
using an inverted microscope.

Enumeration and Estimation

The identification and counting of phytoplankton samples are performed using either a
standard compound microscope or an inverted microscope with appropriate magnification.
The recommended magnification levels vary based on plankton size: picoplankton are best
observed at 1000x magnification, nanoplankton at 200-630x, and microplankton at
100-200x.

After concentrating phytoplankton cells through the settling and sedimentation process,
enumeration is carried out using the Sedgwick Rafter cell counting method. In this technique,
1 ml of the concentrated sample is placed into a Sedgwick Rafter counting chamber, which
has a 1 ml capacity, using a micropipette. A cover glass is then placed over the chamber, and
the sample is left undisturbed for five minutes to allow the cells to settle at the base. Once
settled, the phytoplankton cells are counted under a microscope at a suitable magnification.
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The phytoplankton concentration in 1 liter of the water sample is calculated using the
formula:
N=n *v/V

Where:
N = Number of planktonic algae per liter of filtered water
n = Average number of planktonic algae in 1 ml of the sample

v = Volume of plankton concentrate in ml
V = Total volume of water filtered in liters

Phytoplankton biomass estimation

Phytoplankton biomass is typically estimated by measuring chlorophyll a, the primary
photosynthetic pigment in autotrophic organisms. Since the concentration of photosynthetic
pigments provides insights into taxonomy, biomass, and physiological status, chlorophyll a is
often used as a proxy for phytoplankton biomass in aquatic ecosystems.

Steps for Chlorophyll a Estimation
1. Filtration of Water Samples

e A water sample (500 ml to 2 liters, depending on the sampling area) is filtered using a
47 mm Whatman GF/F filter paper with a 0.7 pm pore size.
e A suction pump is used for filtration.

2. Extraction of Pigments

e The filter paper is immersed in 10 ml of 90% acetone and stored overnight at 4°C in
darkness to extract pigments.

3. Concentration of Pigments
e The extracted pigment is centrifuged at 3000 rpm for 10 minutes to concentrate it.
4. Estimation of Pigment Concentration

e The chlorophyll a concentration is measured using either a spectrophotometer,
fluorometer, or HPLC (High-Performance Liquid Chromatography).

Spectrophotometric Estimation

o The supernatant from the centrifuged extract is transferred to a 10 mm path length
cuvette for spectrophotometric analysis.

e Absorbance readings are taken at 750, 665, 645, and 630 nm using 90% acetone as the
blank.

e The concentration of chlorophyll is calculated using Strickland and Parsons (1972)
equations:

C (Chlorophyll @) = 11.6 Eg;s-1.31E5-0.14E;,

C (Cthl‘Ophyll b) = 20.7 E645 - 4°34E665 - 4’42E630
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C (Chlorophyll ¢) = 55 Eg;y — 4.64E 445 — 16.3 Egys

e Where E represents the absorbance at the respective wavelengths, corrected using the
750 nm reading.
e The pigment concentration in the sample is determined using:

mg /pigment/m3 = C*10/V

Where C is the value from the Strickland and Parsons equation, and V is the volume of
filtered water (in liters).

Fluorometric Estimation
e Fluorometry measures chlorophyll concentration based on light emission by the
sample.
e Chlorophyll a absorbs blue light and fluoresces in the red region of the spectrum.

HPLC-Based Estimation
e HPLC estimates phytoplankton biomass by quantifying specific marker pigments
unique to different phytoplankton taxa.
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Fig. Common phytoplankters

Diatoms

Fragillaria sp. Thalassiothrix sp.  Skeletonema sp.  Bacteriastrum sp.

Pleurosigma sp.  Choetoceros sp. Coscinadiscus sp.  Triceratium sp.

Cyclotelia

Mitzschia
Stephanodiscus

Rhizosolenio sp.

Navicula

Surirella sp. Slanktoniello sol
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Dinoflagellates

Peridinium sp. Moctiluca sp. Ornithocercus sp. Cerabium sp. Protoperidinium sp.

Green algae

Micractinium
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Blue green algae
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Mesozooplankton

Mesozooplankton (from Greek: Zoon — animal, Planktos — drifting) are diverse, free-floating
aquatic organisms with limited mobility. They vary in size from a few microns to several
millimeters and exhibit differences in morphology and taxonomy. Mesozooplankton play a
crucial role in aquatic ecosystems, serving as indicators of faunal biodiversity.

They include representatives from nearly all animal taxa and are classified into;

Classification of mesozooplankton based on duration of planktic stage:

e Holoplankton — organisms that remain planktonic throughout their lifecycle. They
include representatives of nearly every phylum of the animal kingdom.
Eg: Copepoda, Ostracoda, Appendicularia

e Meroplankton — eggs and larval stages of larger organisms.

Eg: Trochophore and veliger larvae of benthic worms and molluscs; nauplii and zoea
of bottom and surface living crustaceans and also eggs and larvae of fin fishes.
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Classification of mesozooplankton based on body composition:
Zooplankton, based on their external body composition are categorised as,

o Crustacean zooplankton, are mainly the arthropodan representatives armed with
chitinous exoskeleton. Predominant crustacean representatives include taxa like
Copepoda, Ostracoda, Mysidacea, Amphipoda and Isopoda.

e Gelatinous zooplankton, are mesozooplankton having more than 90% of water
content in their body. Common gelatinous zooplankton representatives are Hydrozoa,
Ctenophora and the appendicularian representatives like Salps and Doliolids.

o Gastropod zooplankton, Pteropod and Heteropod molluscs often constitute the
major gastropod members among the mesozooplankton community.

As secondary consumers, zooplankton feed on phytoplankton, facilitating energy transfer and
converting plant material into animal biomass. They, in turn, serve as a primary food source
for higher organisms, including fish larvae. Zooplankton abundance and distribution
significantly influence pelagic fisheries since fish often spawn in regions rich in plankton to
ensure adequate nutrition for their offspring.

Some planktonic species concentrate radioisotopes and pollutants, making them valuable
indicators in marine environmental studies. Additionally, species with calcareous or siliceous
shells contribute to ocean sediments.

Zooplankton populations exhibit greater diversity than phytoplankton and are influenced by
patchiness, diurnal vertical migration, and seasonal variations. Assessing zooplankton
production in a specific area requires accurate methodologies encompassing sample
collection, fixation, preservation, analysis, and data computation.

Collection and Preservation of mesozooplankton samples

Zooplankton collection primarily involves filtration of water using nets, water sampling with
bottles or samplers, and pumping methods. The success of sampling depends on several
factors, including:

Choice of gear — selecting appropriate equipment based on research objectives.

e Mesh size of the net — determines the size range of zooplankton collected.
e Time of collection — influences plankton abundance due to diurnal variations.
e Water depth — different species inhabit varying depths, requiring depth-specific

sampling.
e Sampling strategy — ensures representative data collection through standardized
procedures.

Using the right sampling technique is essential to achieving accurate and meaningful results
in zooplankton studies.

In shallow estuaries and coastal waters, mesozooplankton are typically collected using a
Working Party 2 (WP-2) net with a mesh size of 70 to 200 um and a mouth area of 0.28 m?.
The net is towed horizontally just below the surface at a speed of approximately 1 knot for 10
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minutes. A digital flow meter (e.g., Hydro Bios, Model-438110) is attached to the net's mouth
to estimate the volume of water filtered.

For vertically stratified plankton sampling in oceanic regions, a Multiple Plankton Net
system, consisting of five nets, is used. Each net collects plankton samples from a specific
depth zone, controlled by shipboard electronic sensors.

After collection, zooplankton samples are immediately preserved in a 4% formaldehyde
solution to maintain their structure for further analysis.

Working Party Net

Biomass (ml. m?) and abundance (ind. m?) estimation

Zooplankton biomass is typically measured using the displacement volume method, where
large detrital particles and gelatinous organisms are first removed. Biomass is then expressed
as ml-m>.

After collection, mixed zooplankton samples are manually sorted in the laboratory into their
respective taxa. The abundance of each taxon is estimated by counting all individuals in the
sample or in aliquots, depending on the biovolume. For samples with a displacement volume
greater than 5 ml, subdivision into aliquots is done using a Folsom splitter or a Stempel
pipette, ensuring an adequate measure for accurate analysis.
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Folsom Plankton Splitter

Enumeration of mesozooplankton

The separated zooplankton taxa from the sample are counted using a Bogorov counting
chamber under a stereo zoom microscope. This method allows for accurate enumeration of
individual organisms, ensuring precise taxonomic identification and quantification.

Bogorov counting chamber

The abundance of each taxonomic group can be calculated as,

. -3 i
Abundance(lnd. m ) — Number of organisms _
Volume of water filtered(m )
The relative contribution of particular taxon towards the total zooplankton population can be

calculated as,
Number of individuals of a particular taxon
f fap X100

Relative abundance = -
Total number of organisms

Taxonomic Identification of mesozooplankton

Zooplankton are collected using various methods, including vertical and horizontal towing of
plankton nets with different mesh sizes, light traps to attract migrating organisms, and
plankton pumps for continuous water filtration. Once collected, mesozooplankton samples
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are preserved onboard using 4% formalin to maintain their structural integrity for further
analysis.

After biomass estimation, samples are meticulously sorted under a dissecting microscope
based on their morphology and size. They are then classified into various taxonomic groups,
with detailed morphological analysis conducted using compound microscopes, often aided by
identification keys and atlases.

To enhance accuracy, molecular techniques such as DNA barcoding and sequencing are
employed, particularly for cryptic or morphologically similar species. Additionally, staining
methods help highlight specific structures, while digital imaging systems and software
facilitates rapid identification and enumeration.

By integrating these approaches, researchers can accurately assess zooplankton species
composition, abundance, and distribution, providing crucial insights into their ecological role
in aquatic ecosystems.

Major mesozooplankton groups
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Planktonic molluscans
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Meroplanktonic Crustaceans

Zoea Megalopa Mysis

Alima Pyllosoma Cypris

Pic courtesy: wikipadia
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Meroplanktonic Molluscans

Bivalve larvae

Gastropod larvae

Cephalopod larvae

Meroplanktonic chordates

Fish eggs

Fish larvae
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12. Diversity and Taxonomy of Sea Turtles in India

Dr. R. Ratheesh Kumar, Zainul Abid P. M., Utthamapandian U.

Marine Biodiversity and Environment Management Division

ICAR-Central Marine FisheriesResearch Institute, Kochi

Globally, scientists recognize seven extant species of sea turtles, categorized into six genera
across two families. Of these, five species are found along India’s coastline: the Olive Ridley,
Green turtle, Hawksbill, Loggerhead, and Leatherback turtle. However, sea turtle populations
are rapidly declining due to human-induced threats, including overexploitation, habitat
degradation, pollution, vessel strikes, and bycatch in fishing gear.

Sea Turtle Habitats in India:

India’s coastal regions serve as crucial nesting and migratory zones for sea turtles. The Tamil
Nadu coast is especially significant as it is the only Indian state where all five species are
recorded. The coasts of Andhra Pradesh and Tamil Nadu act as key migratory routes for
Olive Ridley turtles, while Odisha’s Gahirmatha beach is home to the largest Olive Ridley
rookery in the world, making it a vital conservation area.

Conservation and Protection:

All five sea turtle species in India are safeguarded under Schedule I of the Indian Wildlife
(Protection) Act, 1972, granting them the highest level of legal protection. Despite this,
conservation challenges persist, highlighting the need for stronger enforcement, community
engagement, and alternative livelihood programs to reduce human impact.

A key conservation measure is the Turtle Excluder Device (TED), designed to minimize
accidental sea turtle deaths in trawl nets. While TEDs have been widely introduced in India
and worldwide, their success relies on strict enforcement and the cooperation of fishing
communities. Policies such as economic incentives for TED adoption, including better
market prices for TED-compliant catches or fuel subsidies, could further encourage their use.
A co-management approach involving all stakeholders is critical to ensuring long-term
conservation success (Boopendranath et al., 2006; 2010).

Scientific Research and Species Identification:

The Central Marine Fisheries Research Institute (CMFRI) has played a significant role in
marine research and sea turtle conservation in India. The studies have contributed to
understanding sea turtle biology, nesting behaviours, and hatchling survival rates (Silas,
1984; Rajagopalan, 2000).

Species identification in Indian waters is based on distinct morphological features, such as
carapace length, costal scutes, prefrontal scales, and vertebral scute shape. For instance, in
loggerheads and ridleys, the first costal scute contacts the nuchal scute due to narrow scutes,
whereas in green and hawksbill turtles, rhomboid vertebral scutes prevent this contact. When
species identification is uncertain, clear photographs of the carapace and head are
recommended for accurate classification.
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The Way Forward:

With increasing threats to sea turtles, conservation efforts must focus on habitat protection,
reducing bycatch, mitigating pollution, and community-driven conservation programs.
Strengthening research initiatives, enforcing protective regulations, and promoting
responsible fishing practices will be essential in ensuring the long-term survival of India’s sea
turtles.

Taxonomy of Sea Turtles in India

Sea turtles belong to the order Testudines and suborder Cryptodira, with most species
classified under the family Cheloniidae, while the leatherback turtle is the sole member of
the family Dermochelyidae. Their taxonomy has been an ongoing area of research, with
advancements in molecular techniques providing deeper insights into their evolutionary
relationships and genetic distinctions among species. These studies have helped refine
classification systems and improve our understanding of their evolutionary history, migration
patterns, and conservation needs.

Key Taxonomic Features

Each species exhibits distinct morphological traits that aid in identification:

e Carapace shape and size: Varies from the broad, heart-shaped Green turtle to the
narrow, pointed carapace of the Hawksbill.

e Coloration: Sea turtles display a wide range of colours, from the olive-green Olive
Ridley to the dark brown and black Leatherback.

e Beak shape: Turtles like the Hawksbill possess a sharp, beak-like structure, while
others, such as the Loggerhead, have a robust, wide head designed for crushing prey.

Species Account:

Olive Ridley Turtle

la 1b

Figure 1. Olive ridley turtle: 1a. Dorsal (left) and ventral (right) views (Illustration from Sea Turtles
of India, 2011). 1b. lllustrated Lateral View of Lepidochelys olivacea (Image courtesy of NOAA
Fisheries.)
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e The most common sea turtle species in India, particularly known for its mass nesting
behavior known as "arribada."
Nesting sites: Odisha (Gahirmatha), Andhra Pradesh, and Tamil Nadu.
Characteristics: Small size, olive-green carapace, and heart-shaped body.

The Olive ridley turtle (Lepidochelys olivacea) is a fascinating marine species with a
widespread distribution in tropical waters across the globe. Renowned for their unique
behaviors and characteristics, these turtles nest on tropical beaches, particularly favouring
mainland shores and barrier islands, often near river mouths. In India, their nesting sites are
distributed along the mainland coast, including the Andaman and Nicobar Islands, and to a
lesser extent, the Lakshadweep Islands.

Adult Olive ridleys typically weigh around 50 kg and are characterized by a short, wide, and
smooth carapace that is elevated, forming a distinctive tectiform (tent-shaped) structure.
Their coloration ranges from mid to dark olive green, giving them their name. Key
identifying features include 5 to 9 pairs of asymmetrical costal scutes, a large triangular
head, two claws on each flipper, and a creamy yellow plastron with a pore near the rear
margin of the inframarginal scutes. Like other sea turtle species, their narrow vertebral scutes
(centrals) ensure that the first costal scute contacts the nuchal scute.

Olive ridleys exhibit nocturnal nesting behavior, laying 1 to 3 clutches per season, with
each clutch containing 100 to 120 eggs. The eggs are approximately 4 cm in diameter. The
re-nesting interval ranges from 20 to 28 days, and the re-migration interval is typically 1 to 2
years. Their nesting tracks, measuring 70 to 80 cm wide, are light and display asymmetrical
oblique marks made by their forelimbs. The tail drag mark is either absent or inconspicuous,
adding to the distinctiveness of these remarkable turtles.

Green Turtle

2a 2b

Figure 2. Green turtle: 2a. dorsal (left) and ventral (right) view (Illustration from Sea Turtles of India,
2011). 2b. Illustrated Dorsal View of Chelonia mydas (Image courtesy of NOAA Fisheries).
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Primarily found in the warm waters of the Indian Ocean.

Known for their large size and herbivorous diet.

Nesting sites: Lakshadweep Islands, Andaman and Nicobar Islands.
Characteristics: Broad, oval carapace with a heart-shaped appearance.

The Green turtle (Chelonia mydas) is a fascinating marine species inhabiting tropical and
subtropical waters across the globe. Known for its distinctive traits, this species primarily
nests on tropical shores, including both mainland and remote island beaches. They are
frequently spotted on a range of nesting sites, from expansive open beaches to secluded
coves, with significant nesting grounds found along Gujarat’s coastline and the beaches of
Lakshadweep and the Andaman Islands.

Adult Green turtles can weigh up to 250 kg and possess a broadly oval carapace with a
scalloped but non-serrated edge. Their coloration varies, with juveniles displaying brown
shades with radiating streaks, while adults exhibit more diverse color patterns. Key
identifying features include four pairs of costal scutes, a rounded head, a single claw on each
flipper, and a white plastron in hatchlings that turns yellowish as they mature. Notably, their
large vertebral scutes prevent the first costal scute from making contact with the nuchal scute.

Green turtles are nocturnal nesters, typically laying 4 to 6 clutches per season, each
containing 100 to 120 eggs. Their nesting tracks, measuring 100 to 130 cm in width, display
symmetrical diagonal imprints created by the forelimbs, with a tail drag forming a solid or
broken line. These characteristics make the Green turtle a vital and intriguing species within
the marine ecosystem.

Hawksbill Turtle
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Figure 3. Hawksbill turtle: 3a. dorsal (left) and ventral (right) view (Illustration from Sea Turtles of
India, 2011). 3b. lllustrated Dorsal View of Eretmochelys imbricata (Image courtesy of NOAA
Fisheries).

e (haracterized by its narrow, pointed beak and beautiful shell patterns.
e Found in tropical coral reefs.
e Nesting sites: Lakshadweep, Andaman Islands, and the east and west coasts of India.
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The Hawksbill turtle (Eretmochelys imbricata) is a remarkable marine species found in
tropical waters worldwide. Known for its distinct characteristics, this species predominantly
nests on remote island beaches, preferring narrow shorelines where offshore reefs often
obstruct access. Key nesting locations in India include the Lakshadweep and Andaman
Islands, as well as select beaches in Nicobar, such as Indira Point on Great Nicobar Island.
Unlike ridley turtles, which favour open nesting areas, Hawksbills are known to nest beneath
overhanging vegetation.

Adult Hawksbill turtles typically weigh around 150 kg and are distinguished by their oval
carapace with a strongly serrated posterior margin and thick, overlapping (imbricate) scutes.
Their striking coloration consists of brown shades with prominent amber and brown
variegations. Identifying features include four pairs of costal scutes with a jagged rear edge, a
narrow and straight bird-like beak, and two claws on each flipper. The plastron ranges from
light yellow to white, while large vertebral scutes prevent the first costal scute from touching
the nuchal scute.

Hawksbill turtles exhibit flexible nesting behaviour, laying eggs both during the day and at
night. Each nesting season, they deposit 3 to 5 clutches, with clutch sizes ranging from 120 to
150 eggs, though some nests may contain up to 180 eggs. The eggs, approximately 3.5 cm in
diameter, are laid at intervals of 12 to 14 days, with a re-migration interval of 2 to 5 years.
Their nesting tracks, measuring 70 to 85 cm wide, are shallow and characterized by
asymmetrical (alternating) oblique forelimb marks, with tail impressions varying from
present to absent. While their tracks may resemble those of ridley turtles, Hawksbills prefer
different nesting environments, further distinguishing them within the marine ecosystem.

Loggerhead Turtle

4a 4b

Figure 4. Loggerhead turtle: 4a. dorsal (left) and ventral (right) view (Illustration from Sea Turtles of
India, 2011). 4b. Illustrated Lateral View of Caretta caretta (Image courtesy of NOAA Fisheries).

e A rare species in India but occasionally found in coastal waters.
e Known for their large heads and powerful jaws.
e Nesting sites: Not reported in India, though sightings have been recorded.
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The Loggerhead turtle (Caretta caretta) is a notable marine species typically found in tropical
waters but primarily nesting in temperate regions, with some nesting sites extending into
subtropical and tropical zones. While Loggerheads are not known to nest in India, they do
find nesting grounds in nearby regions like Sri Lanka. These turtles prefer large mainland
beaches or barrier islands for laying their eggs.

Adult Loggerheads usually weigh about 200 kg and have a moderately broad carapace, with a
slightly serrated edge at the back in younger turtles. A distinctive feature in adults is the
thickened area near the base of the fifth vertebral scute. They are generally reddish-brown
without markings in both subadults and adults. Distinguishing traits include five pairs of
costal scutes, a broad, triangular head, and two claws on each flipper. Their plastron is
typically yellow to orange, and the narrow vertebral scutes allow the first costal scute to
connect with the nuchal scute.

Loggerheads are nocturnal nesters, laying between 3 to 5 clutches each season, with each
clutch containing around 100 to 120 eggs, which are about 4 cm in diameter. The interval
between nestings ranges from 12 to 16 days, with a re-migration interval of 2 to 3 years.
Their nesting tracks, about 70 to 90 cm wide and moderately deep, are characterized by
asymmetrical diagonal marks from the forelimbs, and a tail drag mark is typically absent.
These features highlight the Loggerhead’s unique role within marine habitats.

Leatherback Turtle

S5a 5b

Figure 5. Leatherback turtle: 5a. dorsal (left) and ventral (right) view (Illustration in Sea turtles of
India. 2011). 5b. Illustrated Right Lateral View of Dermochelys coriacea (Image courtesy of NOAA
Fisheries).

e The largest of all sea turtle species, known for its leathery carapace.
e Nesting sites: Andaman and Nicobar Islands.
e Characteristics: Large, rounded body with a ridged back.

The Leatherback turtle (Dermochelys coriacea) is an extraordinary marine species found
across all the world's oceans, from sub-arctic to tropical waters. Recognized for its immense
size and unique characteristics, this species prefers nesting on tropical beaches, particularly
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those with wide shorelines, steep slopes, and a deep-water approach free of rocks. In India,
Leatherback turtles primarily nest in the Andaman and Nicobar Islands, with key nesting sites
located at Galathea on the east coast and various beaches along the west coast of Great
Nicobar, Little Nicobar, and Little Andaman Islands.

Adult Leatherbacks can exceed 500 kg in weight and are distinguished by their elongated,
tapering carapace with seven prominent dorsal ridges. Unlike other sea turtles, they lack
costal scutes and possess a triangular head with two maxillary cusps. Their predominantly
black coloration is accented by white speckles, while the base of the neck and flippers may
feature distinctive pink or bluish markings.

These turtles are nocturnal nesters, typically laying 4 to 6 clutches per season, with each
clutch containing around 80 to 100 eggs. Their nesting tracks, ranging from 150 to 200 cm in
width, are marked by symmetrical diagonal impressions left by their forelimbs and a deep
central groove created by their long tail. These distinctive features make the Leatherback
turtle a significant and intriguing species within marine ecosystems.

Interesting Facts about Indian Sea Turtles, Focusing on Their Feeding Habits,
Reproduction, and Other Fascinating Behaviours

Unique Nesting Behavior of Olive Ridleys

Arribada Phenomenon: The Olive Ridley sea turtles are famous for their mass nesting
event known as arribada, where thousands of females gather on the same beach to lay eggs
simultaneously. This event typically occurs on Gahirmatha Beach in Odisha, one of the
largest mass nesting sites in the world. The synchronization of this event is still a subject of
study, but it's believed that it may be influenced by lunar cycles and ocean currents.

Long Migration Journeys

Incredible Migration: Sea turtles, especially the Loggerhead and Leatherback, are known
for their long-distance migrations. Leatherbacks, in particular, can travel thousands of
kilometers across the ocean, from nesting sites in places like the Andaman and Nicobar
Islands to feeding areas in the South Pacific. Their migration is one of the longest of any
reptile.

Feeding Habits: Special Diets

e Olive Ridleys: These turtles primarily feed on jellyfish, which helps control the
jellyfish population and maintain the balance of marine ecosystems. However, their
diet can include a variety of invertebrates and small fish.

o Green Turtles: Known for their herbivorous diet, Green turtles primarily feed on
seagrass and algae. This helps maintain the health of seagrass beds, which are
essential habitats for many marine species.

e Hawksbills: Their beaks are perfectly adapted to feeding on sponges that grow on
coral reefs, which few other animals can feed on. This unique feeding behaviour
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makes them key to maintaining coral reef health by keeping sponge populations in
check.

Reproductive Strategy: Nesting and Egg Laying

e Incubation Period: The incubation period for sea turtle eggs typically lasts between
45 to 70 days depending on the species and environmental conditions. Temperature
plays a critical role in determining the sex ratio of the hatchlings—warmer
temperatures tend to produce females, while cooler temperatures lead to more
males.

e Multiple Clutches: Female turtles often lay multiple clutches of eggs in a season
(usually 3 to 6), with each clutch containing around 80 to 120 eggs. Interestingly, after
laying their eggs, female turtles return to the ocean, leaving the eggs to incubate
without any parental care.

e Natal Homing: Sea turtles have an extraordinary ability known as natal homing,
where they return to the same beach where they were born to lay their eggs. This
remarkable navigation ability is thought to be guided by the earth's magnetic field.

Unique Adaptations for Ocean Life

e Leatherback’s Gigantic Size: The Leatherback turtle is the largest of all sea turtles,
growing to over 2 meters in length and weighing more than 700 kilograms. Their
unique leathery shell (instead of a hard carapace like other turtles) allows them to
dive to extraordinary depths—up to 1,200 meters—where they feed on jellyfish.

e Hawksbill Turtle Shell: The Hawksbill turtle has a beautiful, patterned shell that
has been historically prized by humans, though this has contributed to their
endangered status. The shell's unique design is thought to help them blend into coral
reefs, providing camouflage from predators.

High Hatchling Mortality

Predation Threats: A large percentage of sea turtle hatchlings do not survive to adulthood
due to various threats such as predation by birds, crabs, and fish, as well as light pollution,
which can disorient hatchlings, leading them away from the sea. Only about 1 in 1,000
hatchlings will survive to become adults.

Amazing Longevity

Long Life Span: Sea turtles are known to have long life spans, often living 50 to 100 years
or more. They take many years to reach sexual maturity, sometimes not breeding until they
are 30 years old or older. This makes them particularly vulnerable to threats, as they need a
long time to replenish their populations.
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Conclusion

Sea turtles, as ancient marine creatures, play an essential role in maintaining the health of our
oceans. Their nesting behaviour on tropical beaches across the globe forms a crucial part of
the intricate marine ecosystem. However, with ongoing threats like over-exploitation, habitat
destruction, and accidental capture, the need for comprehensive conservation efforts is more
critical than ever. Legal frameworks, such as the Indian Wildlife (Protection) Act of 1972,
provide a foundation for protection, but the success of these efforts depends largely on
collaborative actions involving various stakeholders, local communities, and dedicated
research institutions.

Addressing ongoing challenges such as habitat loss, developmental impacts, and high rates of
incidental catch requires continuous and collective action. The combined efforts of
governmental agencies, non-governmental organizations, and local communities are vital for
the survival of sea turtles and the promotion of sustainable practices that support both marine
ecosystems and human societies. As caretakers of our oceans, the responsibility to safeguard
and conserve sea turtles rests with us. Positive outcomes in some regions demonstrate that
with persistent effort, meaningful change is achievable.
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13. Taxonomy of Hard Corals: Classification and Identification

Dr. Divya Viswambharan, Alvin Anto, Dr. Sreenath K.R.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Mangalore Regional Centre

Introduction to Hard Corals

Scleractinian corals, commonly known as hard corals, are invertebrates found exclusively in
marine ecosystems. They belong to the class Anthozoa and order Scleractinia and are
characterized by their calcium carbonate exoskeletons, which provide structural rigidity. They
are the keystone species of coral reefs, often referred to as the "rainforests of the sea," due to
their extraordinary biodiversity. The hard corals primarily exist as solitary or in colonial
forms. The colonial organisms are composed of thousands of individual polyps. Each polyp
secretes a calcium carbonate skeleton that connects with others, forming intricate reef
structures.

Hard corals are broadly categorized into two types:

Hermatypic Corals: They are known as reef-building corals and they require sunlight for
survival due to their symbiotic relationship with zooxanthellae (photosynthetic algae).

Ahermatypic Corals: They are non-reef-building coral species. They can thrive in regions
which are non-conducive for hermatypic corals to exist like deeper, darker waters.

Hermatypic corals are the primary architects of coral reefs, and are crucial for maintaining
marine biodiversity, providing food and shelter for species ranging from fish to invertebrates.
Coral reefs act as natural barriers, reducing wave energy and protecting coastlines from
erosion, storm surges, and tsunamis. Reefs provide a habitat for commercially important fish
and invertebrates, sustaining local and global fisheries. The vibrant beauty of coral reefs
attracts millions of tourists annually, supporting the economies of coastal communities. Hard
corals play a role in the global carbon cycle by sequestering carbon dioxide through the
formation of their calcium carbonate skeletons. The health of hard coral populations reflects
the overall condition of marine ecosystems. Stressors such as bleaching, disease, and
mortality indicate environmental degradation and climate change impacts. Since many coral
species are integral to fisheries, tourism, and coastal protection, taxonomy is critical to assess
the coral diversity in a region. Taxonomy allows the accurate identification of hard coral
species based on morphological and molecular characteristics. Species level coral
identification helps in prioritizing ecologically significant species that require protection.
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Distinguishing Characteristics Between Hard and Soft Corals:

SINo:  Characters Hard Corals Soft Corals
1. Skeleton Rigid calcium carbonate  Lack a hard skeleton. The colony
Structure skeleton is flexible, leathery bodies

supported by spicules.

2. Polyp Polyps are arranged in Polyps are arranged in multiples
Arrangement multiples of six of eight
3. Appearance Stony and compact Appear bushy, tree-like, or
appearance feathery
4. Zooxanthellae Host zooxanthellae Host zooxanthellae
Relationship
5. Habitat Major reef builders, Contribute less to reef building
Contribution providing structure and but add biodiversity
habitat

Hard coral identification using morphological features

Hard corals are identified based on several morphological, structural, and ecological
characteristics. When identifying hard corals based on morphological features, careful
observation of the coral colony is essential. Begin by examining the colony as a whole to
understand its overall structure and shape. Consider its growth form, which can vary widely,
such as branching, massive, encrusting, foliose, or plate-like. Growth forms often provide
initial clues about the coral’s genus or ecological adaptation.

Next, observe the corallite arrangement—how the individual skeletal cups (corallites) that
house the polyps are distributed. They may be isolated, arranged in rows, fused, or share
walls, helping to distinguish between species and genera. Finally, inspect the septal characters
within the corallite. These include the number, size, and ornamentation of the septa (radial
skeletal plates), as well as their symmetry and any unique features like teeth or ridges. A
detailed understanding of these features is crucial for accurate identification, as these
microstructures are often species-specific.

1. Habitat
e Zooxanthellate Corals: Found in the photic zone of tropical and subtropical reefs.

e Azooxanthellate Corals: Found in both photic and aphotic zones. The only type of
corals found in deeper waters, caves, or cooler environments without light.

2. Skeletal Structure- Coral Colony

e Growth Form: Colonies can be branching, massive, encrusting, foliose (leaf-like), or
solitary. The details of common growth forms are given in details below.
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e Corallite Structure: The skeletal cup housing each polyp has distinct radial septa,
columella (central structure), and calices (depressions where polyps reside). The
arrangement of corallites in colony differs with various coral genus. The common
types are given in the figure below.
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Common type of Corallite arrangement (Drawing take from Wood E. M. 1983, Corals
of the World)

3. Septa and Septal Arrangement- Corallite
e The radial partitions (septa) are arranged in multiples of six (hexameral symmetry).

e The number, thickness, and ornamentation of septa vary among species. The
terminology used about various parts of corallites are given in various diagrams
below.

Hard corals exhibit various growth forms depending on species and environmental
conditions. Here are the main types:

1. Branching: Corals with branches that grow upward and outward, resembling antlers or
trees. These forms allow for rapid growth and colonization of reef spaces.

2. Encrusting: Corals that grow flat and spread over surfaces like rocks, creating a thin
layer that adheres closely to the substrate.
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3. Massive: Dome-shaped or boulder-like corals that grow slowly but are highly
resistant to damage. These corals form solid, heavy skeletons.

4. Foliaceous (Leafy): Corals that grow in thin, leaf-like layers or whorls, creating a
more delicate appearance compared to plating forms.

5. Table: Corals with a horizontal, table-like structure that spreads out to maximize
sunlight exposure in shallow waters.

6. Digitate: Corals that form finger-like projections without branching, resembling
stubby fingers growing upward from the colony base.
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7. Columnar corals: Columnar corals are characterized by their cylindrical, pillar-like
structures that can stand upright. These corals often grow in distinct columns or
mounds, which can vary in height and width.

8. Solitary/ Free living: Corals are single, unattached coral polyps that live
independently on sandy or soft substrates, unlike colonial corals that form
interconnected reefs.

These diverse growth forms enable corals to adapt to different environmental conditions and
play various roles in the structure and health of coral reefs.
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Cutaway diagram of hard coral to understand the coral morphological terms used for
identification (Schematic diagram taken from Cairns and Kitahara, 2012)
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Schematic diagram of corallite (Credit: Murphy McDonald, NOAA)

Classification of Hard Corals

Phylum Cnidaria: Cnidarians are radially symmetrical, diploblastic animals with two cellular
layers—epidermis and gastrodermis—separated by a jelly-like mesoglea. They possess a
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simple nerve net and specialized stinging cells called cnidocytes, containing cnidae (e.g.,
nematocysts) for prey capture and defense. Cnidarians exhibit alternation of generations, with
an asexually reproducing polyp stage and a sexually reproducing medusa stage, and their life
cycle includes a motile, ciliated planula larva. They display simple tissues and structures that
contribute to their functional diversity.

Class Anthozoa: Anthozoans, known as "flower animals," are entirely marine and exist only
in the polyp form, with no medusa stage. They often have a mesoglea with many cells, can be
solitary or colonial, and most secrete skeletons made of calcium carbonate or protein.

Order Scleractinia: The order Scleractinia comprises sedentary hexacorallian Anthozoa that
can be either colonial or solitary and exist solely in a polypoid form. These polyps are
supported by an external skeleton made of aragonitic calcium carbonate, known as the
corallum. Typically, each polyp has six or a multiple of six pairs of mesenteries, with each
pair enclosing a calcareous radial structure called a septum. Scleractinian corals commonly
possess 12, 24, 48, 96, or more septa, arranged in a radially hexameral pattern. They are
commonly known as stony corals, true corals, or hard corals. Scleractinians are diploblastic
organisms, having two tissue layers: the ectoderm and the endoderm. A typical scleractinian
polyp features a central stoma (mouth) encircled by a ring of tentacles. These tentacles house
cnidae, or nematocysts—specialized structures comprising a poison sac and a hollow tubule.
When activated, the tubule injects toxin, aiding in prey capture and providing defense against
threats.

Family Acroporiidae: Colonial, hermatypic, mostly extant. Colonies have all growth forms
known for hermatypic corals. This group of hard corals are known for its branching
structures, with coral tips often having larger, tube-like ends called axial corallites. Corallites
are small with septa in two cycles or less, columellae are poorly developed.

Genus Acropora: These corals are easily recognized by their branching growth forms, with
distinct axial corallites at the tips of branches and smaller radial corallites along the sides.
They typically form large colonies that can grow into staghorn, table, or bush-like shapes.

Acropora sp.

Family Poritidae: These corals exhibit diverse growth forms, including massive, laminar, or
ramose. Their corallites are small, compact, and cerioid, with extratentacular budding. The
walls and septa are porous, while the coenosteum is poorly developed or absent.
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Genus Porites: Porites form massive, branching, or laminar colonies with a smooth colony
surface. Their corallites are tiny, and the plates. Species are distinguished by the specific
arrangement of corallite structures.

Porites sp.

Genus Goniopora: These corals form columnar, massive, or encrusting colonies with
polygonal corallites. They possess 24 long-stalked tentacles that are typically extended during
the day, giving them a distinctive appearance.

Family Pocilloporidae: These corals generally form ramose colonies with plocoid to cerioid
corallites, about 1-2 mm across, arising from extratentacular budding. When present,
columellae are styliform, and the coenosteum is covered with distinctive spinules.

Genus Pocillopora: These corals have branching colony morphology with very small
corallites. The colony surface is bumpy due to structures called verrucae, with corallites
located on and between these verrucae.

Pocillopora sp

Family Agariciidae: These corals have very fine tentacles which are seldom extended during
the day. Little is known about their sexual reproduction, except that different species may be
separately sexed or hermaphrodite and may brood planula larvae or release gametes. The
genera in this family are colonial, hermatypic. Colonies are massive, laminar or foliaceous.
Corallites are immersed with poorly defined walls formed by thickening of the septo-costae.
Septa seldom fuse and are continuous between adjacent corallite centres. They have smooth
or finely serrated margins and are closely packed.
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Genus Pavona: These corals form massive, encrusting, columnar, or foliaceous colonies and
can develop bifacial leafy fronds. Their corallite walls are poorly developed, giving a
distinctive structural appearance.

Pavona sp (Image credit: Corals of the world)

Family Psammocoridae: Corals of this family are relatively small and cryptic. Colonies are
typically encrusting, submassive, or platy. Corallites are small to medium-sized, closely
spaced, and sometimes arranged irregularly. Corallite walls are distinct but often thin. Septa
are well-developed, thin, and may have fine teeth. The coenosteum (skeletal tissue between
corallites) is granulated or finely costate (ribbed). Polyps are small and retracted during the
day, emerging at night to feed.

Genus Psammocora: These corals are characterized by a variety of growth forms, including
massive, columnar, branching, laminar, or encrusting colonies. The corallites are small, with
septa fusing to form a distinct flower-like pattern. The coenosteum is granular, giving the
surface a rough texture.

Psammocora sp.

Family Lobophylliidae: Family of large polyp stony corals distinguished by their unique
skeletal features and morphology. Members of this family typically exhibit irregular lobate or
bulbous teeth, which are characterized by elliptical bases. The corallites are adorned with
rounded granules, and these are often surrounded by extensive thickening deposits that
enhance their structural integrity. Between the teeth, vertical palisade-like structures are
present, contributing to the overall complexity of the coral's skeleton. Notably, there is a
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significant variation in the size and shape of teeth among different septal cycles, which adds
to the diversity within the family

Genus Lobophyllia: These corals are identified by phaceloid, flabello-meandroid, or
meandroid colonies, with or without gaps between valleys. Colonies can grow very large,
with corallites being monocentric or arranged in long valleys. The septa have large, spiky
teeth, and colonies feature a fleshy mantle that can fully retract when exposed at low tide.

Family Merulinidae: Most species are encrusting or massive, featuring large circular or
hexagonal calices with robust septal walls. Others have a brain-like structure, characterized
by indistinct calices embedded within sinuous valleys.

Genus Favites: These corals form massive or encrusting colonies with corallites measuring
6-20 mm in diameter, either angular or round. Corallites are monocentric and often share
walls, with groove and tubercle formations separating them. Paliform lobes are poorly
developed, septal teeth can be large, and budding occurs either intratentacular or
extratentacular.

Family Fungiidae: These corals are commonly known as mushroom corals, includes species
that are usually free-living, though some remain attached even in their adult stages. Their
distinguishing feature is the septo-costae, which radiate from the central mouth as septa on
the upper surface and as costae from the center on the under-surface.

Genus Fungia: These corals are characterized by solitary, free-living corolla that are either
circular or elongate in shape. The septal teeth are distinctly pointed, contributing to its
identification.
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Family Dendrophyllidae: These corals were characterized by corallite walls that are porous.
The septa are fused in a distinctive pattern known as the Pourtales plan, particularly evident
in immature corallites.

Genus Turbinaria: Coral is characterized by colonies that are plate-like, foliose, or
encrusting. Corallites measure 1-5 mm in diameter and can be either immersed or exsert. The
coenosteum is smooth, and the columellae are well-developed, aiding in its identification.

Family Siderastreidae: The corals of this family are characterized by colonial, massive, or
laminar colonies. Corallites are small, immersed, and have numerous thickened septo-costae.

The septa are closely compacted and equally spaced, while the corallite walls are very poorly
defined.

Genus Pseudosiderastrea: These corals form small massive or encrusting colonies with
ceroid corallites (shared walls) that are shallow and greater than 10 mm in diameter. The
corallite walls are distinctively white, aiding in its identification.
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Geographic Distribution and Diversity in India

Indian waters are home to an extensive and diverse array of coral ecosystems. The major reef
with maximum diversity of hard corals is located in the Andaman and Nicobar Islands, the
Lakshadweep archipelago, the Gulf of Mannar, and the Gulf of Kutch. Other than these sites
the hard corals are found in the fringing reefs to atolls and submerged banks. Minor reefs,
such as those at Enayam, Netrani, Grande, and Malvan, along with submerged reefs like the
Gaveshini and Angria Banks. Hard corals, or scleractinians, dominate these ecosystems and
are expected to be distributed from intertidal zones to ocean depths exceeding 600 meters in
many locations along the Indian EEZ. A total of 586 species belonging to 110 genera and 25
families are recorded from Indian EEZ. Among recorded Scleractinia corals one species
(Tubastraea coccinea Lesson, 1830) is reported as invasive in Indian waters. Detailed
taxonomy and species delineation are described in detail in many coral taxonomic references.
Few of these references are given in Mondal and Raghunathan (2024).

Challenges in Coral Taxonomy

One of the key challenges in coral taxonomy is the presence of cryptic species and
hybridization. Cryptic species are morphologically similar but genetically distinct, making
them difficult to differentiate based on physical traits alone. This can lead to misidentification
and underestimation of biodiversity. Hybridization further complicates taxonomy, as
interbreeding between closely related coral species produces hybrids with traits that blur
species boundaries. These phenomena are prevalent in corals due to their overlapping habitats
and reproductive timings. Advanced molecular tools, such as DNA barcoding and genomic
analyses, are essential to accurately identify and understand these complexities in coral
taxonomy.

Further Reading

1. Venkataraman, K. and Satynarayana, Ch., 2012. Coral Identification Manual. Zool.
Surv. India, Kolkata 1-136pp.
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Handbook on Hard Corals of India 1-266p.

3. Richards, Z. 2018. The Coral Compactus: Western Australia Hard Coral Genus
Identification Guide Version 2. The Western Australian Museum.

4. Veron, J.LE.N. (2000). Corals of the World. Volumes 1-3. Australian Institute of
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14. Molluscan Taxonomy: Classification and Species Diversity

Dr. Vidya R. and Dr. Dineshbabu A. P.

Shellfish Fisheries Division ICAR-Central Marine Fisheries Research Institute, Kochi

The molluscs belong to the large and diverse phylum Mollusca, which includes a variety of
familiar animals well-known as decorative shells or as seafood. These range from tiny snails,
clams, and abalone to larger organisms such as squid, cuttlefish and the octopus. These
molluscs occupy a variety of habitats ranging from mountain forests, freshwater to more than
10 km depth in the sea. They range in size from less than 1 mm to more than 15 m (for
example the giant squid) and their population density may exceed 40,000/m? in some areas.
In the tropical marine environment, molluscs occupy every trophic level, from primary
producers to top carnivores. India has extensive molluscan resources along her coasts. In the
numerous bays, brackish waters and estuaries and in the seas around the subcontinent;
molluscs belonging to different taxonomic groups, such as, mussels, oysters, clams,
pearl-oysters, window-pane oysters, ark-shells, whelks, chanks, cowries, squids and
cuttlefish have been exploited since time immemorial for food, pearls and shells.

Three classes of the phylum Mollusca namely, Gastropoda, Bivalvia and Cephalopoda are of
fisheries interest. About 3270 species have been reported from India belonging to 220
families and 591 genera. Among these the gastropods are the most diverse followed by
bivalves, cephalopods, polyplacophores and scaphopods (The first three orders are exploited
by Indian fishermen from time immemorial. Presently over 150,000 tonnes of cephalopods,
over 100,000 t of bivalves and nearly 20,000 t of gastropods are exploited from Indian
waters. The importance of molluscs in the coastal economy of India is often overlooked. For
example, the cephalopod fishery is now a US$ 250 million industry and is one of the
mainstays of the Indian trawl fleet in terms of revenue. The bivalve exports amount to US$
1.2 million and gastropod exports amount to US$ 1.8 million per annum.

Cephalopod Taxonomy

Cephalopods are found to occur in all the oceans of the world from the tropics to the polar
seas and at all depths ranging from the surface to below 5000 m. Chambered nautilus,
cuttlefishes, squids and octopus are the four major groups of cephalopods, which belong to
the highly evolved class of phylum Mollusca. Cephalopods are the third largest molluscan
class after bivalves and gastropods and consist of more than 800 species (Lindgren et al.,
2004). Of these less than a hundred species are of commercial importance. About 210 species
cephalopods have been reported from India. There are about 80 species of cephalopods of
commercial and scientific interest distributed in the Indian Seas.

Systematic position of potentially important cephalopods of India

Class Cephalopoda
Sub class Nautiloidea
Family Nautilidae Nautilus pompilius
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Subclass Coleoidea
Order Teuthoidea
Suborder Myopsida
Family Loliginidae
Genus Uroteuthis Uroteuthis (Photololigo) duvaucelii
U. (P) sibogae
U. (P) singhalensis
U.(P) edulis
U. (P) chinensis
Genus Sepioteuthis Sepioteuthis lessoniana
Genus Loliolus Loliolus (Loliolus) hardwickei
Loliolus (Nipponololigo) uyii
L.(N.) sumatrensis
Suborder Oegopsida
Family Onychoteuthidae
Genus Onchoteuthis Onchoteuthis banksii
Family Ommastrephidae
Subfamily Ommastrephinae
Genus Sthenoteuthis Sthenoteuthis oualaniensis
Family Thysanoteuthidae
Genus Thysanoteuthis Thysanoteuthis rhombus
Order Sepiodidae
Family Sepiidae
Genus Sepia Sepia pharaonis
Sepia aculeata
Sepia prashadi
Sepia elliptica
Sepia trygonina
Sepia brevimana
Sepia arabica
Sepia kobiensis
Sepia prabahari
Sepia ramani
Sepia omani
Genus Sepiella Sepiella inermis
Family Sepiolidae
Genus Euprymna Euprymna stenodactyla
Order Octopoda
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Suborder Incirrata

Family Octopodidae

Genus Amphioctopus Amphioctopus aegina
Amphioctopus neglectus
Amphioctopus marginatus
Amphioctopus rex

Genus Cistopus Cistopus indicus

Genus Haplochlaena Haplochlaena maculosa

Genus Callistoctopus Callistoctopus luteus

Genus Octopus Octopus vulgaris
Octopus lobensis

Genus Pteroctopus Pteroctopus keralensis

Family Argonautidae

Genus Argonauta Argonauta hians
Argonauta argo

Classification

Cephalopods (Class Cephalopoda) are represented by two extant subclasses, Nautiloidea
(Nautilus and Allonautilus) and Coleoidea, and one extinct subclass, Ammonoidea. Members of
the subclass Coleoidea includes two subdivisions, the Belemnoidea, which is the primitive form
of cephalopods possessing ink sac and ten equally sized arms, became extinct during the
cretaceous period and Neocoleoidea (cuttlefish, squid and octopus) where the shell has been
internalized and reduced, completely lost. As a consequence, members of Neocoleoidea rarely
fossilize and very few information pertaining to the origin and relationships of living coleoid
cephalopods is available from the fossil record. The major division of Coleoidea is based upon
the number of arms or tentacles and their structure. Presently, living coleoids can be segregated
into two superorders, Decapodiformes and Octopodiformes (Berthold and Engeser, 1987). The
Decapodiformes has fourth arm pair modified into long tentacles. The Decapodiformes contains
two orders; the order Teuthoidea, which includes two suborders [Myopsida (closed-eye squids)
and Oeopsida (open-eye squids)] and the order Sepioidea which includes families like
Idiosepiidae (Pygmy squid), Sepiidae (Cuttlefish), Sepiolidae (Bobtail squids), Spirulidae
(Ram’s horn squid), and Sepiadariidae (Bottletail squids). The Octopodiformes includes the
orders Octopoda (pelagic and benthic octopuses) and Vampyromorpha (vampire squid).
Octopodiformes has modifications to second arm pair; it is drastically reduced as a sensory
filament in the Vampyromorphida, while octopoda species have totally lost that arm pair. The
Octopoda contains two suborders; Cirrata (deep- sea finned octopuses) and Incirrata (pelagic and
benthic octopuses including the argonautiods and blanket octopuses).

Squids possess elongate, cigar-shaped body with posteroexternal fins, and eight cirumoral arms,
not joined at the base with a web, with two or more rows of stalked suckers bearing chitinous
rings (and/or hooks) extend the length of the mantle. They also posses two long tentacles with
tentacular club of two or more rows of suckers (and or hooks) at the distal end. The cuttlefish
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possess a broad sac-like body with lateral fins that are either narrow and running over the entire
length (Sepiidae) or are short, round and flap-like (Sepiolidae). In both cases the posterior ends
of the fins are free (Sub- terminal) and separated by the posterior end of the mantle; ten
circumoral appendages, the longest (fourth) pair of tentacles are retractile into pockets at the
ventrolateral sides of head. The eight arms frequently bear four rows of stalked suckers with
chitinous rings. Both eyes are covered with a transparent membrane; shell is thick, chalky,
calcareous (cuttlebone of sepia) or thin, chitinous (Sepiolidae). Octopus possess a short, sac-like
body with either no lateral fins or with separate paddle-like fins in some deep sea forms, and
eight circumoral arms with no tentacles, with the bases connected by a web and un- stalked
suckers, without chitinous rings, along the length of the arms (Fig.1-4).

Subclass Nautiloidea

Shell complete external, smooth, coiled and chambered, more than 10 (63 - 94) circumoral
appendages without suckers, a funnel bilobed, two pairs of gills, and the absence of an ink sac.

Family Nautilidae

The ‘chambered’ or ‘pearly nautiluses’ comprises a single family and genus and six species.
They have approximately 100 sucker-less tentacles, simple eye without lenses, and thick rigid
hood used to protect the animal when retracted within the shell.

Subclass Coleoidea

This subclass includes all living cephalopods — squids, cuttlefish and octopuses, other than
chambered nautiluses. Key diagnostic characters are shell internal, calcareous, chitinous or
cartilaginous, 8-10 circumoral appendages with suckers, only one pair of gills (dibranchiate) and
funnel tube-like.

Order Teuthoidea

This order contains the squids, characterized by internal shell (gladius or pen) chitinous feather
or rod shaped, eight arms; two contractile but not retractile, pocket absent, tentacles lost
secondarily in some, fin on the mantle and stalked suckers with or without chitinous hooks, with
horny rings and constricted necks; fin lobes fused posteriorly. Eyes either covered or open and
without supplementary eyelid.

Suborder Myopsida

Myopsid squids are characterized by eyes entirely covered by a transparent corneal membrane.
Eye cavity communicates with the exterior through a tiny hole. Arms and tentacles have suckers
only, no hooks. Mantle locking apparatus is simple (linear) and the gladius is pen-like.

Suborder Oegopsida

Oegopsid squids (Oceanic squid or Open-eyed squids) are characterized by eyes not covered
with a corneal membrane and open to the surrounding medium, arms and tentacles bear suckers
and / or hooks. Mantle locking apparatus ranges from simple to complex to fused.
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Family Loliginidae
Sepioteuthis lessoniana (Ferussac in Lesson, 1831)

Body elongate, cylindrical in outline; fins marginal, wide and muscular, very long almost
running along entire length of mantle; elliptical in shape.

Uroteuthis (Photololigo) duvaucelii (Orbigny, 1835)

Body elongate, mid-rib of gladius clearly visible through mantle skin; fin length in adults upto
60 per cent of mantle length; tentacular clubs large median manal sucker ring with 14 — 17 teeth;
Arm sucker rings with broad, large, square teeth (5 to 9) on the distal margin; in males, more
than half the length (up to 75 %) of the left ventral arm hectocotylized, papillae not fused (Fig.5).

U. (P) sibogae (Adam, 1954)

Mantle long, narrow and slender, no ridge but chromatophore concentration ventrally along
midline; fins narrow and less than 60 per cent of mantle length; less than half of left ventral arm
hectocotylized distally in males; gladius narrow, sharply accumulate posteriorly.

U. (P) singhalensis (Ortmann, 1891)

Mantle is long, slender, cylindrical, and it tapers posteriorly into as sharply-pointed tip. Mantle
bout 4-7 times as long as wide. Mantle with a ridge along midline in males; The tentacles are
short and slender. Clubs are rather short. Left ventral arm IV is hectocotylized distally in mature
males for 40 - 45% of its length. The chitinous sucker rings are smooth or wavy proximally,
while the distal margin bears 6-11 (most commonly 9) plate-like, truncate, squared teeth (Fig. 5).

U. (P) edulis (Hoyle, 1885)

Mantle more or less stout, elongate and slender. Fins large, rhombic with the anterior margin
slightly convex, the posterior margin gently concave and the lateral angles rounded. Fins become
slightly longer than wide in adult specimens (up to 70% of mantle length), Gladius long,
somewhat narrow, Arms somewhat long (25- 45% of mantle). More than half of left ventral arm
hectocotylized distally in males (Fig. 5).

U. (P) chinensis (Gray, 1849)

Fin length in adults greater than 60% of mantle length. Hectocotylized portion of the left arm IV
from 33% to 50% of total arm length. Arm sucker rings with 10-15 stout, pointed, conical teeth
distally, the proximal margin smooth; occasionally with rudimentary teeth only. Although the
record of this species along the Indian east coast is available in the literature, this species is not
recorded in the cephalopod samples of Institute (Fig. 5).

Loliolus (Loliolus) hardwickei (Gray, 1849)

Small squids. Mantle length of adults less than 60 mm; fins heart shaped; vane of gladius
conspicuously broad at midlength.
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Loliolus (Nipponololigo) uyii (Wakiya and Ishikawa, 1921)

Body short and stout; mid rib of gladius clearly visible through dorsal mantle skin as a median
dark line; fins 55-65 per cent of mantle length; Tentacular clubs have median manal suckers with
smooth rings; in males left ventral arm hectocotylized almost the entire arm; papillae on ventral
margin fused with membrane.

L. (N.) sumatrensis (D’Orbigny, 1835)

Body short, sub-cylindrical, gradually decrease in width posteriorly to blunt point, head small
with large eyes; fins 60-65% of mantle length; fin rhomboidal in shape; arm sucker ring with 6-9
broad, squared teeth; in male left ventral arm hectocotylized upto 87%.

Family Onychoteuthidae
Onchoteuthis banksii (Leach, 1817)

Oceanic squids with muscular body; head with nuchal folds on the dorsal side at posterior end;
rachis of gladius visible as a longitudinal ridge middorsally along the entire length of mantle;
tentacular clubs with two rows of hooks, marginal suckers lacking.

Family Thysanoteuthidae
Thysanoteuthis rhombus Troschel, 1857

Funnel locking cartilage shaped consisting of a narrow longitudinal groove and a short transverse
groove branching from it medially. Fins broad and rhombus-shaped occupying nearly entire
length of mantle.

Family Ommastrephidae
Sthenoteuthis oualaniensis (Lesson, 1830)

Funnel and mantle cartilages of the locking apparatus fused together. An oval photophoric patch
present middorsally near anterior margin of mantle; muscle of mantle ventrally without
embedded light organs; two intestinal photophores present.

Order Sepioidea

This order includes the cuttlefishes, characterized by an oval body shape, compressed
dorsoventrally and framed along both sides of the body by narrow fins that do not attach at the
posterior end. The arms bear 2 to 4 rows of suckers. The tentacles are totally retractile into
pockets. The internal shell, cuttlebone (calcareous) lies dorsally in the body below the skin. The
shell is oval in shape, thick, containing several gas and water filled chambers for buoyancy
control.

Family Sepiidae

Small to medium- sized animals characterized by an oval body; flattened dorsoventrally,
calcareous internal shell, head free from dorsal mantle, Fins marginal and narrow, light organ
absent.
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Family Sepiolidae

Small animals characterized by saccular body, wide, round bottomed; fins circular; internal shell
lacking; dorsal mantle and head united by a nuchal commissure; saddle- shaped light organ
present on ink sac.

Genus Sepia

Body without a glandular pore at posterior extremity; cuttlebone mostly with a spine (rostrum) at
posterior end.

Sepiella inermis (Van Hasselt, 1835) (in Ferussac and d’ Orbigny, 1834 — 1848)

Body with a distinct glandular pore at posterior extremely on ventral side; with brownish fluid
oozing out; cuttlebone devoid of spine.

Sepia pharaonis (Ehrenberg, 1831)

Body robust, fins broad commencing from edge of anterior mantle margin; tentacular clubs
moderately long and well expanded; 5 or 6 suckers in middle row of manus greatly enlarged;
cuttlebone broad, thick and with a midventral flattening anteriorly in striated area; striae * A’
shaped; inner cone forms a conspicuous yellow flat ledge; a sharp thick spine present; when
alive, body brownish, tiger-stripe pattern prominent.

Sepia aculeata (Van Hasselt, 1835) (in Ferussac and d’ Orbigny, 1834 — 1848)

Tentacular clubs very long, with 10-14 rows of minute sub-equal suckers. Cuttlebone broad and
thick with a median longitudinal edge with a faint groove running medially on striated area;
inner cone forms a ledge-like callosity (Fig. 6).

Sepia prashadi (Winckworth, 1936)

Body not robust, fin narrow commencing a few mm behind edge of anterior mantle margin;
tentacular clubs short, expanded; not more than 3 suckers in middle row of manus greatly
enlarged; cuttlebone narrow, midventral groove narrow and distinct, striae anteriorly broadly
truncate with lateral corners slightly produced forward; dorsal surface pinkish in colour, a sharp
thin spine present; When alive, dusty brownish, transverse stripes less distinct.

Sepia elliptica (Hoyle, 1885)

Tentacular clubs moderately long, with 10 rows of small suckers of uniform size. Cuttlebone
thin, elliptical in shape, dorsal surface smooth; two conspicuous lateral ridges more prominent
anteriorly resulting in three longitudinal furrows in striated area; spine thick, sharp, long and
well curved.

Sepia trygonina (Rochebrune, 1884)

No fleshy projections on head; fins extend upto end of mantle; tentacles with short clubs, suckers
in eight rows, about five in third row enlarged. Cuttlebone lanceolite with acuminate anterior tip
with edges of outer cone winged giving an arrow head appearance; spine small.
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Sepia brevimana (Steenstrup, 1875)

Tentacular club short with 6-8 small subequal suckers. Cuttlebone flat and distinctly acuminate
anteriorly, dorsal surface rugose, a shallow median groove in the striated area, the striae ‘A’
shaped with a median shallow groove broadening anteriorly; inner cone and its limbs pinkish in
colour; spine small, sharp and slightly curved.

Order Octopoda

This order includes all octopuses, described by eight arms with 1 or 2 rows of suckers. Most
species have web sectors between the arms.

Sub-order Cirrata

Finned or Cirrate octopods are deep sea octopuses characterized by round to tongue- like fins on
the mantle and single rows of suckers interspersed by cirri. Mantle aperture is very narrow. Only
the left oviduct is developed

Sub-order Incirrata

Incirrate octopuses are characterized by fins lacking, and have 1 or 2 rows of suckers and no
cirri.
Family Argonautidae

This family of pelagic octopuses is known as paper nautiluses or Argonauts, the females of
which secrete an external shell. This calcareous external shell is brittle and white in colour with
fine corrugations. The male is much smaller than the female. Male lacks the external shell and
possesses a large modified third left arm which is detached during mating.

Family Octopodidae

This family includes tiny to very large benthic octopuses characterized by eight arms with 1 or 2
rows of sessile suckers and modified third right arm in males, without an external shell; internal
shell either vestigial or lacking; no great disparity between males and females in size.

Amphioctopus aegina (Gray, 1849)

Eyes prominent; a single large cirrus posterior to each eye. Ligula small, 5 to 8 per cent of arm;
with shallow groove; penis and diverticulum together form U-shaped loop; spermatophores long
and unarmed (Fig. 7).

Amphioctopus neglectus (Nateewathana and Norman, 1999)

Medium-sized species characterized by elongate and ovoid body, U-shaped iridescent transverse
bar on the head between the eyes, Dark ocellus including blue ring present at base of 2" and 3™
arm pair, Head relatively wider in males than in female, 1 or 2 papillae present over each eye.
Ligula long and slender (Fig. 8).
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Cistopus indicus (Rapp, 1835 in Ferussac and d’ Orbigny, 1834 — 1848)

Hectocotylized arm only slightly modified, ligula small about 3 per cent of arm. Small water
pores leading to embedded pouches between bases of arms (Fig. 9).

Haplochlaena maculosa (Hoyle, 1883)

Body globular smaller in size; skin smooth without reticulate pattern; white fresh dusty brown in
colour with prominent bluish rings on mantle, head, web and arms.

Bivalve Taxonomy

There are about 10,000 living bivalve species. The bivalve, as the name implies, possesses two
valves (shells) lying on the right and left sides of the body. Bilateral symmetry is a characteristic
feature. The shell is mostly composed of calcium carbonate. Umbo is the first formed part of the
valve and is above the hinge. The soft body of the bivalve is covered by the mantle comprising
two lobes. The foot is muscular and is ventral. Byssus is a clump of horny thread spun in the foot
and helps the sedentary bivalve to attach to hard substrates. In bivalves the head is absent. Many
bivalves possess a pair of gills, which are respiratory in function and produce water currents
from which food is collected (Poutiers, 1998).

Distinctive characters of commercially important species Mussels

The genus Perna (family Mytilidae) is characterized by the absence of anterior adductor muscle,
occurrence of one or two well developed hinge teeth, partition of the crystalline sac from the
mid-gut, broad partition of the two posterior byssal retractors etc. In India, there are two species
of commercially important mussels viz. the green mussel (Perna viridis) and the brown mussel
(Perna Indica) contribute to the fishery (Fig. 10).

Perna indica

The outer surfaces of the shell valve and mantle margin are respectively dark brown and brown
in colour. Anterior end of the shell is pointed and straight. Ventral shell margin is more or less
straight. Middle dorsal margin has a distinct angle/lump while the posterior margin is broadly
rounded. One large hinge teeth on the left valve and a corresponding depression on the right
valve, foot is tongue shaped with byssal threads.

Perna viridis

The outer shell surfaces and mantle margin are respectively green and yellowish green in colour.
Shell is large, elongate sub-trigonal. Anterior end of the shell is pointed with the

beak turned down. Ventral shell margin is slightly concave. Middle dorsal margin is angularly
convex while the posterior margin is broadly rounded. Two small hinge teeth on the left valve
and one on the right valve, foot is tongue shaped with byssal threads.
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Commercially important bivalves of India

Resources Common English | Local name
name
Clams and Cockles
Villorita cyprinoides Black clam Karutha kakka,(Ma)
Paphia malabarica, Paphia sp. | Short neck clam, | Manja kakka (Ma), Chippi kallu
textile clam (Ka), Tisre (Ko)
Meretrix casta, Meretrix Yellow clam Matti (Ta)
meretrix
Mercia opima Baby clam Njavala kakka (Ma), Vazhukku
matti (Ta)
Mesodesma glabaratum Kakkamatti (Ta)
Sunetta scripta Marine clam Kadal kakka (Ma)
Donax sp. Surf clam Mural, Vazhi matti (Ta)
Geloina bengalensis Big black clam Kandan kakka (Ma)
Anadara granosa Cockle Aarippan kakka (Ma)
Placenta placenta Window pane
oyster
Tridacna sp, Hippopus Giant clam Kakka ( Ma)
hippopus
Mussel
Perna viridis Green mussel Kallumakkai, Kadukka(Ma)
Alichippalu (Te)
Perna indica Brown mussel Kallumakkai, Chippi (Ma)
Pearl oyster
Pinctada fucata Indian pearl oyster Muthu chippi, (Ma, Ta)
Pinctada margeritefera Blacklip pearl oyster | Muthu chippi (Ma, Ta)
Edible oysters
Crassostrea madrasensis Indian backwater Kadal muringa (Ma); Ali,
oyster Kalungu (Te) ; Patti ( Ta)
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Saccostrea cucullata Rock oyster Kadal muringa (Ma); Ali,
Kalungu (Te) ; Patti (Ta)

Ka — Kannada, Ko — Konkani, Ma- Malayalam, Mr — Marati, Ta- Tamil, Te- Telugu

Pearl oysters Taxonomy

The pearl oyster belongs to the family Pteriidae. This group is characterized by a straight hinge
with 1-2 small tooth-like thickening, a cavity below the anterior angle for the byssus and usually
a scaly surface of the outer shell valves. The family comprises two commercially important
genuses viz. Pinctada spp. and Pteria spp. (Fig. 11).

In Pteria spp., the shell width is much longer than the height and the hinge angle is prominent
and pronounced. In Pinctada spp., the hinge is rather long and straight, the long axis of the shell
is not at right angle at the hinge, the left valve is usually deeper than the right and there is a
byssal notch on each valve at the base of the anterior lobe. The colouration of periostracum is
changeable and is often brownish with radial markings.

In Indian waters, six species of pearl oysters viz. Pinctada fucata (Gould), P. margaritifera
(Linnaeus), P. chemnitzii (Philippi), P. sugillata (Reeve), P. anomioides (Reeve) and P
atropurpurea (Dunken) have been reported.

Pinctada fucata (Gould)

The hinge is nearly as wide as the width of the shell, left valve is deeper than the right, byssal
notch slit-like, left valve greatly convex, posterior ear well developed with fairly developed
sinus, anterior margin of shell just far in advance in front of anterior ear. Hinge teeth are present
in both valves, one each at the anterior and posterior ends of the ligament. The anterior ear is
larger than in the other species. The posterior ear is fairly well developed. The outer surface of
the shell valves with 6 - 8 radial bands of reddish brown on a pale yellow background. The
nacreous layer is thick and has a bright golden, pink or ivory colour with metallic lustre. The
non-nacreous margin on the inner surface of valves has reddish or brownish patches.

Pinctada margaritifera (Linnaeus)

The anterior margin of the shell extends in front of the anterior lobe. The anterior ear is well
developed whereas the posterior ear and sinus are absent. The byssal notch is broad. The hinge is
shorter than the width of the shell and is devoid of teeth. Left valves are moderately convex. The
posterior end of the shell meets the hinge almost at a right angle. The outer shell is dark
graying-brown with greenish tinge and radially distributed white spots. The nacreous layer is
iridescent with a silvery sheen colour and the non- nacreous margin is black colour. Due to the
dark marginal colouration of the shell, this pearl oyster is also known as the Black-lip pearl
oyster.

Pinctada chemnitzii (Philippi)

The shell is very comparable to that of P. fucata with the exception of very less convexity of
valves and better developed of posterior ear. The hinge is almost as long as the antero-posterior
measurement of the valves. The anterior ear is well developed and the byssal notch is slit-like.
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Hinge teeth of the anterior and posterior are present, the former is minute and rounded and the
latter prominent and ridge-like commencing a little in advance of the posterior area of the hinge
ligament. The posterior ear and the posterior sinus are well developed. The outer shells are
yellowish externally with about four or more light brownish radial markings. The growth lines of
the shell are broad. The nacreous layer is bright and lustrous and the non-nacreous layer is
brownish.

Pinctada sugillata (Reeve)

The hinge is noticeably shorter than the anterio-posterior axis of the shell. The antero- posterior
measurement is approximately equal to the dorso-ventral measurement. The anterior ear is small
and the byssal notch is a fairly wide slit-like. The anterior ears are somewhat bent towards the
right. The posterior ear and sinus are poorly developed. The convexity of the valves is not
prominent, especially that of the right valve. The anterior hinge teeth are small and roundish and

the posterior one is slightly elongated. The shell valves are dark grey with a tinge of brown with
six yellowish radial markings. The lower or posterior regions of valves are light yellow and gray.

Pinctada anomioides (Reeve)

The hinge is shorter than the width of the widest region of the antero-posterior axis of the shell.
The hinge and dorso-ventral axis have a ratio of 1:1.4. Hinge teeth are absent or poorly
developed. The anterior ear is moderately developed and the byssal notch at its base is deep. The
posterior ear and sinus are absent. The outer shell valves are yellowish or grayish with faint
radial markings. The nacreous layer is well developed.

Pinctada atropurpurea (Dunker)

The shell is roundish with its hinge narrow. The valves are thin, translucent and moderately
convex. The nacreous layer is thin and the byssal notch is deep. A poorly developed anterior
hinge tooth may be present in some oysters. Externally the shell valves are copper coloured.

Edible oysters

Edible oysters belong to the family Ostreidae and are found in hard substratum in the bays and
creeks near coastal waters. They are attached permanently to the substratum.

Taxonomy

In Indian waters, six species of oysters are reported. They are the Indian backwater oyster
Crassostrea madrasensis (Preston), Chinese oyster C. rivularis (Gould), West coast oyster

C. gryphoides (Schlotheim), Indian rock oyster Saccostrea cucullata (Born), Bombay oyster
Saxostrea cucullata (Awati and Rai) and the giant oyster Hyostissa hyotis (Linnaeus).
Crassostrea madrasensis (Preston)

Shell valves are irregular in shape usually straight/elongate. Shell valves are covered by
numerous foliaceous laminae. Left valve is deep while right one slightly concave. Hinge is
narrow and elongated. Adductor muscle scar is kidney-shaped and sub central; dark purple in
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colour. Inner surface of valve is white, glossy and smooth with purplish black colouration on the
inner margin.

C. gryphoides (Schlotheim)

Shell valves are elongate and thick. Shell is oblong, narrow in the anterior margin and broader in
the posterior margin, laminated, lower valve very thick, especially in the anterior region below
the ligamental area. Adductor muscle scar is broad, more or less oblong or heart shaped and
pearly white with striations on the scar are absent or unclear. Upper valve thin flat and opercular,
no denticles on the margin. Left valve is cup- like. Hinge region is well developed and has a deep
median groove with lateral elevations.

C. rivularis (Gould)

Shell valves large, roughly round, flat, thick and with a shallow shell cavity. Left valve is thick
and slightly concave and the right one is about the same size or slightly larger. Adductor muscle
scar is oblong and white or smoky white in colour.

Saccostrea cucullata (Born)

Shell more or less trigonal, sometimes oblong, extremely hard and pearshaped. The margins of
the valves have well developed angular folds sculptured with laminae. Small tubercles present
along the inner margin of the right valve and there are corresponding pits in the left valve.
Adductor muscle scar is kidney shaped.

Clam

In Indian waters, a number of species coming under the families viz. Veneridae, Arcidae,
Tridacnidae, Corbiculidae, Solenidae, Mesodesmatidae, Donacidae and Tellinidae are exploited
from the time immemorial. The cultivable species by and large fit in to the first four
aforementioned families (Fig. 14).

Arcidae

Commercially important species under this family are represented by a single species, Anadara
granosa. It is found all along the Indian coast in soft muddy substratum and forms a fishery of
some magnitude in the Kakinada Bay (Fig. 15).

Anadara granosa

Shell valves are thick, inflated and dark brown. This species varies from other clams in having
taxodont dentition and about 20 prominent ribs with rectangular nodules.

Veneridae

This family is characterized by the hinge with three cardinal teeth, a single anterior tooth on the
left valve, and a corresponding depression on the right valve, slightly unequal sized adductor
muscle scars (= 2 Nos). This group contains three important genera, viz. Paphia, Meretrix and
Marcia.
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Paphia malabarica

Shell is slightly inflated, triangularly ovate and the surface is concentrically grooved. The
anterior and posterior margins are narrowly rounded. Hinge area is short with narrowly diverging
teeth. Pallial sinus is ‘U’ shaped and very deep. Lunule is relatively short. Shell length is only
one and one third times longer than height. The outer shell valves are yellowish brown in colour
indistinctly rayed with greyish brown bands or blotched with brownish angular markings.

Villorita cyprinoides

Shell is thick, ovately triangular with strong concentric ridges. Hinge border is very short and
thick, always with three oblique cardinal teeth; the anterior in the right valve and posterior in the
left valve are less developed. Ridges are more strongly developed in the anterior half. Umbones
are prominent and well elevated. Pallial sinus is small. Lunule is narrow and ligament is large.
Shell is dark olive brown to blackish brown in colour.

Meretrix casta

Shell is thick, moderately large with a brown horny periostracum. Shell is also smooth and
triangularly ovate with devoid of any sculpture. Outer surface of the valves is very fainted rayed
with greyish radial lines or pale yellowish brown tinted with dark grey posteriorly.

Meretrix meretrix

Shell varies from M. casta in having less elongated lateral tooth, more ovate shell and larger size.
Periostracum is thin and of grey or straw colour. Postero-dorsal margin of the outer shell is
greyish blue or bluish brown band.

Marcia opima

Shell is thick, inflated, smooth, and triangularly ovate. Pallial line is deeply sinuate. Tip of the
pallial sinus is bluntly angular. Lunule is distinct, flattened, and rather broad. Area behind the
umbones is clear, flattened and deeply elongated reaching almost upto the hind margin of the
shell. Outer surface of the shell is pale yellowish brown or straw coloured variously blotched and
rayed with purplish grey markings. The inner surface of the valve is white.

Gafrarium tumidum

Shell is thick, strongly inflated and sculptured with thick, nodular radial ribs which tend to
bifurcate towards the ventral margin. The interstitial spaces between some of the main ribs, there
are secondary rows of nodules. The pallial line is full and well developed. The outer surface is
white with irregular dark spots posteriorly and near the umbo.

Tridacnidae

The tridacnid clams are characterized by large massive shells with broad radial ribs, sometimes
having large fluted scales. Border of the valves is usually scalloped.
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Tridacna crocea

Shell is large, thick, and triangularly ovate with a large byssal opening. Shell valves contain 6-10
broad flattened ribs with concentric ridges. Outer shell valves are greyish white flushed with
yellow or pinkish orange.

T maxima

Shell is strongly inequilateral. The shell is similar to that of 7. crocea except that the 6-12 broad
radial ribs have better developed concentric scales. Large byssal gape with distinct plicae is at
edges. Ventral border of the valve is often deeply scalloped. Shell is greyish white, sometimes
tinged with yellow or pinkish orange.

T’ squamosa

Shell is large, thick and strongly inflated with small or medium sized byssal gape. Shell valves
possess 4-12 strongly convex ribs with riblets in interspaces. Broad, sometimes long fluted scales
on ribs which may project beyond ventral margin noticeably. Shell is greyish white, sometimes
tinged with yellow.

Donacidae
Donax cuneatus

Shell is trigonal, inequilateral. Shell possesses a curved keel extending from the umbo to the
postero-ventral corner; there are sharp concentric and fine radiating ones which are conspicuous
in the anterior and posterior regions only. The anterior end is broad and rounded while the
posterior end is narrow and rounded. Pallial sinus is deep. The outer surface of the shell is white
covered with pale violet, especially towards umbo and the posterior region is darker. The inner
surface is of deep violet colour (Fig. 16).

Mesodesmatidae
Mesodesma glabratum

Shell is thick, inequilateral and roughly trigonal. The outer surface of the shell has well
developed concentric striae. The umbo is small. Hinge has two cardinal teeth and there is an
anterior lateral tooth. The pallial sinus is small and angular.

Solenidae
Solen kempi

Shell is small, about six times as long as high. Anterior region is obliquely truncate while the
posterior region rounded. Cardinal tooth is in the right valve with a shallow groove all over its
breadth. The dorsal margin of the soft body is somewhat concave in the anterior region and
convex in the posterior region. Siphon is long and segmented. Foot is long flattened and about
half the length of the body. Periostracum is yellowish brown and glossy.
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Gastropod Taxonomy

Gastropoda is the largest molluscan class with about 35,000 extant species. The gastropods are
torted asymmetrical molluscs and usually possess a coiled shell. The soft body normally consists
of head, foot, visceral mass and the mantle. Among the marine gastropods, the members
belonging to the subclass Prosobranchia, are of major fishery importance (Poutiers, 1998). The
shell in this subclass is typically coiled with an opening at the ventral end known as aperture.
The aperture is covered by an operculum which closes the opening of the shell. The head
normally protrudes anteriorly from the shell and bears mouth, eyes and tentacles. The foot is
muscular, ventrally located with a flattened base and is used for creeping or burrowing. The
visceral mass fills dorsally the spire of the shell and contains most of the organs. The mantle
forms mantle cavity which lines and secretes the shell. Asymmetry of the internal anatomy of the
gastropods is due to twisting through 180° called the “torsion’ which takes place during the first
few hours of larval development (Fig. 17).

Classification

Gastropod classification based on different morphological and anatomical features of their
bodies and shells has come across several problems. During the 19th century, researchers
proposed several different classifications of the Gastropoda based on the place of the mantle
cavity or on the array of various organs and shape of the shells. By and large, all these
classification methods used only a restricted number of distinctive characters. At the start of the
20th century, the German researcher, Johannes Thiele (1929 - 1935), put together earlier
classifications and proposed Thiele’s system of classifications which was used by zoologists for
most of the century. He divided the gastropods into three subclasses: Prosobranchia,
Opisthobranchia, and Pulmonata. Besides, the Prosobranchia were divided into three orders:
Archaeogastropoda, Mesogastropoda, and Neogastropoda.

During current decades, accumulation of numerous new data on the morphology and anatomy of
various gastropod groups due to the application of new methods for instance, transmission
electron microscopy etc. and finding of new gastropod groups with strange anatomical features
in the deep sea region associated with hydrothermal vents have revealed a need for the revision
of existed classification. Recent analyses of these characters of existing gastropods have led to a
new classification method, which have been supported by outcome from molecular
phylogenetics.
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Fig. 2. Tentacular club of squid

(Source: Jereb and Roper, 2010)

225



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

tentacular
zlab

stalk

hecrocotylus

ocket
modified ~ embrane ’

portion

funnel

left amm IV iz male
hecrocorylized

= striations |

medial suckers

{maderately
enlarged) —
cone
spine inner
g e il cone
ventral view spine
Al diagram. of basic cunlefich feahres {ar rosram)

venral view laseral view

Fig. 3. External features of cuttlefish
(Source: Roper and Nauen, 1984

head —,
i

—

}

- ll.

11..!-_'- .--.-...

[}
o
"

.

| |
— heciocolviized arm length — maanile lengih

iotal length

Fig. 4. External morphology of octopus

(Source: Jereb et al., 2014)

226



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Squids

I']FIE'-.'_I-E[I?!'I. nmu_t'l
L B

F .

Arm Il Sucker Ring

L. singhalensis L. duvauceli

Arm Il suckers

5-0 byoad, large, Arm 1 suckers
¢ i A 10l suckers & squared teeth on More than 6-8
1;:,,5,:5::3:' {SF11wide the distal margin long stender
distally, proximal ~ Squared plate-like in females and square-cut teeth
margin smooth teeth distally — shorter teeth on the dlst_a
L sibogae around the entire margin. Proximal
fing fgren 10, up to margin smooth
18) in males,

Fig. 5. Keys to identify commercially important squids
(Source: Jereb and Roper, 2006)

227



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

-C,:-.

. S

SR tentacular
Sanwl v cluk

Fig. 6. Sepia aculeata (Source: Roper and Nauen, 1984)

@.I'II

hectocotylus dofsal view

Fig. 7. Amphioctopus aegina (Source: Jereb et al., 2014}

228



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

/
@

Fagrin

ool s

ol viow bof webs shawing
lsalion of wilsr powchaa

Fig. 9. Cistopus indicus (Source: Jereb et al., 2014)

229



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

|z A .
axfratme
macTesus lrver i
B - [T
t==th
[T
2 ry
|_.'FC|1IE".I|:II -
sdducior scm
milerior of kel vabe
Fig. 10. Interior of left valve of mussel (Source: Leal, 2013)
y
g ATIFErT
car
posterior "
adductor scar I'Iﬂ::::"- :
large and arer
subgenmral

pallial line
withour samis

Fig. 11. Interior shell markings of pearl oyster (Source: Leal, 2013)

230



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Lipmrzomiind ares -

:r '\- k1
k ey e
"' ey
B o 1 Lo il
_ perern J
wiklsior ey :l_‘: A
. .|_ 1
- : ih
b T o - I'.]
L
imirriar al lefd vahe -\-‘-\-\_""-\—F"‘—\—l‘r povstriar tlew ol ewiiee (lirdl

Fig. 12. External morphology of oyster (Source: Leal, 2013)

BEA K

LEFT RIGHT
W VE il LVE

AMTERD~POITERIQOR AXIG

,-f(
Lok ENGTHYm == = -

-—— -

BiLL

Fig. 13. Shell valves of an edible oyster (Source: James and Rengarajan, 1992)

231



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

hinge umbo growth lines

£

o

‘o

=

Fig. 14. External shell characteristics of clam (Source: Helm et al., 2004)
liparaeai oz - b
paNEr rmnghq_nl
ankfuriar war .
b ——
srduztar s

e e

Fig. 15. Interior of left valve of ark shell (Source: Leal, 2013)

232



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Snsareee Tategsl

postemx hateral oot

ook "

short
pastezior
md

imterier of left valee

Fig. 16. Interior of left valve of Donax shell (Source: Leal, 2013)

profacarch —,

S —

parietal woll

Teleacanch
|
:
]

- aperture

denticlas

Body vabaor

okl lar fales

coduimella

. siphenal notch

Fig. 17. External morphology of gastropod (Source: Harris et al., 2015)

233



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

15. Taxonomy of seahorses with a note on their conservation

Dr. Vinod K.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Mandapam Regional Centre

Introduction

The seahorses, seadragons and pipefishes belong to the family Syngnathidae. The seahorses
due to their peculiar appearance, with a head like horse and prehensile tail commands
premium price and demand among the aquarium hobbyists and in the international live
ornamental export trade. Their slow and vertical swimming behaviour captivates the interests
of aquarium keepers. These fishes are highly sought after for use in Traditional Chinese
Medicines (TCM), particularly in the south-east Asian countries and also, they possess a
demand as curios.

The decline in population of seahorses in the wild, across their distributional range is a global
concern. The decline is mainly due to the heavy demand in the international export market
leading to over-exploitation in the wild. The last global assessment of seahorses conducted in
2016 by Project Seahorse with the IUCN SSC Seahorse, Pipefish and Seadragon Specialist
Group established that atleast one-third of the 41 species then recognised were threatened (2
are Endangered, 12 are Vulnerable, 17 are Data Deficient, 10 are Least Concern).

A total of seven species have been reported from the Indian waters viz., Hippocampus kuda,
H. trimaculatus, H. spinosissimus, H. histrix, H. kelloggi, H. mohnikei and H.
camelopardalis. Of the seven species, H. camelopardalis falls in the category of Data
Deficient (DD) in the IUCN Red List of Threatened Species (Table 1) while all the other
species are listed as Vulnerable (VU).

Table 1. Seahorse species reported from the Indian waters and their conservation status

SI. | Species Common | Status in the IUCN CITES
No. Name Indian Wildlife | Red List
(Protection) Act, | Status
1972
1. | Hippocampus kuda Spotted Schedule I VU Appendix II
Bleeker, 1852 seahorse
2. | Hippocampus trimaculatus Longnose | Schedule I vu Appendix 11
Leach, 1814 seahorse
3. | Hippocampus spinosissimus | Hedgehog [ Schedule I vu Appendix 11
Weber, 1913 seahorse
4. | Hippocampus histrix Thorny Schedule I vu Appendix 11
Kaup, 1856 seahorse
5. | Hippocampus kelloggi Great Schedule I vu Appendix 11
Jordan & Snyder, 1901 seahorse
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6. | Hippocampus mohnikei Japanese Schedule I vu Appendix II
Bleeker, 1853 seahorse

7. | Hippocampus camelopardalis | Giraffe Schedule I DD Appendix II
Bianconi, 1854 seahorse

Distribution and habitat

The members of Syngnathidae (seahorse, seadragons & pipefish) are generally found
distributed from 50° North to 50° South latitude, with most species occurring in the
Indo-Pacific region and Western Atlantic Ocean. The seahorses are generally marine, except
for some, which are found in estuaries and mangrove habitats. Most species of seahorses are
generally found among the seagrasses, seaweeds and coral reefs which are their preferred
habitats, while few species prefer the mangrove areas. Some of them are also found to be
associated with soft bottom communities such as sponges, sea squirts and gorgonids.

Feeding and reproduction

The seahorses which have a horse-like appearance, swim vertically and are slow moving.
They have the ability to camouflage and change their colour in minutes to match their
surrounding environment. They hold on to the hold-fast like seaweeds, corals, seaweeds etc.
using their prehensile tail. They are generally active during the day and feed on tiny
organisms that come on their way. Their preferred prey includes small crustaceans, fish fry
and invertebrates (Tipton and Bell, 1988; Vincent, 1996; Do et al., 1998; Teixeira and
Musick, 2001).

The seahorses attain first maturity at an age of six months to one year (Jiaxin, 1990; Lourie et
al., 1999). Their breeding behaviour is so peculiar that the males become pregnant and give
birth to young ones. The male and female fishes form faithful bonds and most species exhibit
monogamous breeding behaviour (Vincent, 1994; Vincent and Sadler, 1995; Masonjones and
Lewis, 2000). The adult male and female seahorses remain as partners and mate successive
times during the entire breeding season and the bond between these two male and female
fishes may even continue during the successive breeding seasons. If one of the partners die,
the remaining partner might take several weeks to find its new partner (Vincent and Sadler,
1995).

The appearance of brood pouch in male seahorses is an indication of the onset of maturity in
males. Seahorses generally have low fecundity and the eggs are pear-shaped and large; they
appear orange and semi-transparent. An elaborate courtship culminates in mating, and the
male female deposits her entire egg clutch inside the brood pouch of male partner, where
fertilization of eggs takes place. The embryonic development takes place inside the male’s
brood pouch. The gestation period ranges from 12 to 15 days at a temperature of 28 to 20°C.
Once the embryonic development is complete inside the brood pouch of male, the young ones
are expelled from the brood pouch through muscular contractions, which generally happens
during the late night or early morning hours. Most species of seahorse produce about 100 to
300 young ones during one pregnancy and the young ones that come out from the male’s
brood pouch are 6 to 12 mm long, depending on species and they appear like miniature adult
seahorses.
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Economic uses

The seahorses are one of the important constituents in the Traditional Chinese Medicines
(TCM) practised mainly in countries like China, Hong Kong, Singapore, Taiwan, and ethnic
communities worldwide. In the Central Philippines, seahorses are used to treat asthma, gas
pains and hyperactivity (Alino et al., 1990). They are also one of the most popular fishes in
the marine aquarium trade. They are a favourable choice of marine aquarium hobbyists due to
their horse-like head, tubular snout, prehensile tail and camouflaging behaviour. The
seahorses in dried form are used as curios in paper weights, key chains and jewellery and are
kept as souvenirs in shops and resorts in beaches.

Taxonomy and species identification

Correct identification of species of seahorse is very important for the sustainable fisheries
management and to achieve long-term species-level conservation goals. The habitat
requirements/preferences, growth and reproductive behaviour may differ from one species to
the other, and hence the right identification of species is a prerequisite in any management
and conservation efforts.

Morphological characteristics

All species of seahorse have peculiar morphological characteristics with a horse-like head,
bony plates, tubular snout and a prehensile tail to coil and hold on to the hold-fast in their
habitat. Hence, the morphological characteristics which are considered for the identification
of seahorses are slightly different from other teleost fishes. The body rings, tubercles,
position and arrangement of coronet, spines on the head, cheek, body etc. are some of the key
characteristics which are used in the species identification. The important morphological
characteristics are given in table 2 and figure 1.

Table 2. Morphological characteristics of seahorse

Characteristics | Description

Height Distance from the tip of the coronet to the tip of the uncurled tail

Operculum Flap that covers the gill slits

Keel Sharp median ridge running down the ventral side of the trunk (in some
species)

Tubercles Raised rounded nodules located at the intersections of rings and ridges

(in some species)

Dorsal fin rays

Bones supporting the dorsal fin

Pectoral fin rays

Bones supporting the pectoral fin

Coronet Large crown-like structure found on top of the head (in some species)

Eye spines Spines found directly above the eye

Nose spine Single spine located in front of the eyes on the upper side of the snout
(in some species)

Cheek spines Spines located at the bottom of the operculum on each side of the head
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Cleithral ring Bony ring just behind the operculum

Trunk rings Raised bony ridges that encircle the body

Tail rings Raised bony ridges encircling the tail of the seahorse

Snout length Distance between the bump immediately in front of the eye (not the
nose spine) to the tip of the snout

Head length Distance from the mid-point of the cleithral ring to the tip of the snout

Trunk length Distance from the mid-point of the cleithral ring to the lateral mid-point
of the last trunk ring

Tail length Distance between the lateral mid-point of the last trunk ring to the tip of

the uncurled tail
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Fig. 1. Lateral view of seahorse
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Fig. 2. Lateral view of head of seahorse

Fig. 3. Dorsal view of seahorse head
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Fig. 4. Lateral view showing the rings supporting the dorsal fin
Steps in identification of seahorse

A) Record the common characters used in seahorse species identification

Record the height of the specimen (Ht): using a string/wire

Measure the head length (HL)

Measure the snout length (SnL)

Calculate the HL/SnL ratio of the specimen

Count the number of tail rings (TaR)

Count and record the number of trunk rings (TrR)

Record the number of cheek spines (CS): counts range from 0 to 2.

Record the number of eye spines (ES): counts range from 0 to 2.

DB B R FA N R Fol Rl E i e

Record the number of trunk rings (TrR) that support the dorsal fin

._‘
S

Record the number of tail rings (TaR) that support the dorsal fin

—
[a—

Record the number of dorsal fin rays

H
D

Record the number of pectoral fin rays
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B) Verify the recorded characteristics with the tables provided in the seahorse identification
data sheet (Tables 3 to 7; not an exhaustive table, given as examples only)
1. Compare the height of the unidentified specimen with information of species in the table.
2. Compare the HL/SnL value.
3. Compare the number of tail rings recorded for the unidentified specimen.
4. Compare the number of dorsal fin rays.
5. Compare the number of pectoral fin rays.

5. Compare the trunk rings, rings supporting the dorsal fin, cheek spines and eye spines.

Table 3. Maximum height of selected species (Step B1)

Species Maximum height (cm)
Hippocampus trimaculatus 17.0
Hippocampus kuda 17.0
Hippocampus histrix 17.0
Hippocampus spinosissimus 17.2
Hippocampus kelloggi 28.0
Hippocampus mohnikei 8.0
Hippocampus camelopardalis 10.0

Table 4. Ratio of Head Length to Snout Length (HL/SnL) of selected species (Step B2)

Species Possible range of Most common value
HL/SnL
Hippocampus trimaculatus 1.9-2.4 2.2
Hippocampus kuda 2.0-2.6 2.3
Hippocampus histrix 1.7—-2.0 1.8
Hippocampus spinosissimus 20-24 2.2
Hippocampus kelloggi 20-23 2.1
Hippocampus mohnikei 2.8—-3.9 3.0
Hippocampus camelopardalis 2.7-2.9 2.8
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Table 5. Number of tail rings in selected species (Step B3)

Species Range of number of | Most common value
tail rings

Hippocampus trimaculatus 38-43 40, 41
Hippocampus kuda 34 - 38 36
Hippocampus histrix 34 -37 35
Hippocampus spinosissimus 33-39 36
Hippocampus kelloggi 39 -41 40
Hippocampus mohnikei 37 - 40 38
Hippocampus camelopardalis 38 38

Table 6. Number of dorsal fin rays in selected species (Step B4)

Species Range of numbers of Most common
dorsal fin rays numbers

Hippocampus trimaculatus 18 - 22 20
Hippocampus kuda 17-18 17
Hippocampus histrix 15-18 17
Hippocampus spinosissimus 16 - 20 17, 18
Hippocampus kelloggi 17 -19 18
Hippocampus mohnikei 15-16 15,16
Hippocampus camelopardalis 19 - 22 -

Table 7. Number of pectoral fin rays in selected species (Step B5)

Species Range of numbers of Most common
pectoral fin rays numbers

Hippocampus trimaculatus 16 - 19 17, 18
Hippocampus kuda 15-18 16
Hippocampus histrix 17 - 20 18
Hippocampus spinosissimus 16 -19 17
Hippocampus kelloggi 17-19 18
Hippocampus mohnikei 12 - 14 13
Hippocampus camelopardalis 17 - 18 17, 18
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C) After elimination of the above 5 steps, the following characters need to be considered
1. Height and shape of the coronet

2. Number, distribution and size of spines on the body

3. Patterns or markings such as stripes or spots.

Table 8. Number of trunk rings, trunk & tail rings supporting the dorsal fin, cheek spines and
eye spines

Species Trunk [ Rings supporting Dorsal Fin [ Cheek Spines | Eye Spines
Rings
Trunk Rings Tail Rings

H. trimaculatus 11 2 1 1 1

H. kuda 11 2 1 1 or2 Oorl
H. histrix 11 2 1 1 1

H. spinosissimus 11 2 1 1 or2 1

H. kelloggi 11 2 1 1 1

H. mohnikei 11 2 1 2 0

H. camelopardalis 11 2 1 0 1

Thus, careful examination of the collected specimens, and proper recording of data is
essential to arrive at the correct species identification. ‘A Guide to the Identification of
Seahorses’ by Lourie et al. (2004) gives an insight to the step-by-step identification of
seahorses, which can be referred to in addition to the other standard literature that are
available for species identification.

Conservation - an urgent need

Due to the increasing demand in the export trade, the seahorses were extracted heavily by
poor subsistence fishers by skin diving. Also, these resources are components in the by-catch
of many fishing gears, particularly the trawl (mechanized and non-mechanized). The
behaviour and biology of seahorses indicate that they are highly vulnerable to exploitation.
The seahorses are characterized by sparse distribution, low mobility, narrow home range,
monogamous breeding behaviour, low fecundity, slow growth, site-specificity and a high
degree of lengthy parental care which makes them wvulnerable to exploitation. The
degradation of habitats like the seagrass meadows and coral reefs, mainly due to
anthropogenic activities, contributes to further depletion.

The government of India banned the collection and trade of seahorses and sea cucumbers
from 2001 and listed them under Schedule I of the Indian Wildlife (Protection) Act, 1972.
Consequent to the implementation of the ban, seahorse fishing considerably decreased during
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the last 25 years. However, the demand for these resources in the international markets has
resulted in clandestine collection and trade which may continue, if left unchecked. The
moratorium imposed by the government will be effective in saving the stocks if only the
illegal removals and trade are stopped.
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16. Taxonomic approaches for studying the jellyfish species along the

Indian coast and their diversity
Dr. R. Saravanan

Marine Biodiversity and Environment Management Division
ICAR-Central Marine Fisheries Research Institute, Mandapam Regional Centre

Introduction

Jellyfish is a common term used for any gelatinous animal in marine waters. These include a
wide variety of stinging and non-stinging jellyfishes. Jellyfish are the oldest animal on planet
Earth, dating from the pre-Cambrian period, and have passed through 500 million years of
natural selection. The word "jellyfish" is usually used for a group of jelly-like zooplankton
that includes planktonic members of the phylum Ctenophora, Salps and Pyrosomes, and
medusae from the phylum Cnidaria (scyophomedusae, hydromedusae, cubomedusae, and
siphonohores). The true jellyfish come under the three Cinidarian classes, viz., Hydrozoa,
Scyphozoa, and Cubozoa, and seasonally swarm in the coastal waters. Among the three
classes, representatives of Scyphozoan and Cubozoan jellyfish range in size from 2 mm to 2
m in bell diameter, however, most of the hydrozoan jellyfish are smaller than 2 mm in bell
diameter and belong to the mesoplankton.

The biodiversity of pelagic scyphozoan jellyfishes and cubozoan jellyfishes is largely ignored
in India, other than a few works in this line. The first work on scyphozoan medusae was
published way back in 1930, in which the scyphomedusae of Madras were described with
illustrations (Menon, 1930). Subsequent to this publication, the above author has brought out
the scyphomedusae of Kurusadai Island (Menon, 1936). These are the two classic works that
describe the taxonomic features and distribution of scyphomedusae along the south-east coast
of India. Since then, there has been a long gap in the study of scyphomedusae in India. The
scyphomedusae available in India were listed as 34 by Chakrapany (1984). The Medusae of
the Travancore waters was studied by Nair (1951) and assessed for its impact on fisheries.

Morphometric features of Jellyfishes

Jellyfishes are simple organisms with three layers of tissue, viz., endoderm, ectoderm, and
mesoderm. The body is composed of over 90 percent water. The umbrella shaped body,
which is called the bell, and the underside are covered with oral arms, or tentacles. In
jellyfish, differences in the bell margin are used as a differentiating characteristic between
different groups. The members of the order Semaeostomeae have tentacles on the bell
margin, whereas the members of the order Rhizostomeae have tentacles on the tip of their
oral arms. Jellyfish are 97% water and are semi-transparent.
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Fig. 2. Morphometric features of a Jellyfish (Illustration: Mithraa R.S.)
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Fig. 3. Morphometrics measurements of a Jellyfish

Jellyfish have two body layers: the outer layer, the epidermis and the interlayer, the
gastrodermis. Between both layers is a thick layer of mesoglea, which consists of fibres
embedded in a hydrated matrix that contains cells. These layers of tissues make up the
umbrella of the jellyfish, which is usually bell-shaped; thus, the umbrella is also known as the
bell. The scyphozoan jellyfish are tetraradially symmetrical, meaning they have many
structures in multiples of four. It contains a simple gastrovascular cavity that acts as the
stomach. They are also characterised by having gastric filaments in the stomach. Some
scyphozoan jellyfish, such as Semaestomeae, contain an opening, or mouth, at the
subumbrella. There are four to eight oral arms near the mouth, which function as arms to
capture and transport food to the gastrovascular cavity. Jellyfish lack eyes but possess many
sensory receptors capable of detecting light, pressure, temperature, and gravity. These
sensory receptors are concentrated in the marginal sense organ that contains the rhopalium
(Nakanishi, 2015). Not all jellyfish possess tentacles. For Semaestomeae jellyfish, tentacles
can be found at the margin of the bell or at the subumbrella, whereas tentacles are absent
from the Rhizostomeae jellyfish. Jellyfish contain a network of canals that usually
anestomose with each other and form various patterns.

Life cycle and biology

Cnidarian jellyfish, also called medusae, have complex life cycles that often involve a benthic
stage: the polyp and the pelagic stage: the medusae or jellyfish. This bipartite life cycle
alternates between an asexual, benthic polyp and a sexual, pelagic medusa. Medusae typically
are produced asexually in abundance and grow rapidly in seasons (Russel, 1970).
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Guidelines for Jellyfish studies
Preservation Method

Scyphozoans are typically preserved for morphological analyses in a solution of 4% formalin
in seawater with the appropriate label (i.e., 4 parts formalin [37% w/v] and 96 parts
seawater). Place the jellyfish in a plastic container with a label (waterproof paper) and pour
formalin until the organism is completely covered.

If you are using a plastic bag, place the organisms in a bag, fill it with formalin, twist the bag,
and use a rubber band to wrap the plastic bag. When it is tight enough, fold the tip of the
plastic bag, and with the last part of the rubber band, secure the folded part of the bag. An
excess of 4% formalin solution is used, and it can be renewed after two weeks to ensure
successful fixation.

Tissue storage for DNA studies

'] Flush the oral arms or bell margin with tap water. Repeat several times to displace all
the debris.

'] Using clean forceps or scissors, cut a half-fingernail-sized piece of tissue from the
oral arm or bell margin.

1 Preserve the tissue in one vial of preservative. (Make sure there is excess preservative;
guard against diluting the preservative with too much water.)

"1 With forceps, hold a piece of oral arm and cut it with clean scissors or razor blades.
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1 Place the piece of tissue in a vial with 95% ethanol and store it in a refrigerator.
Replace ethanol three times within 24 hrs period.

Specimen Information to be collected

'] Geographic location

Depth

Date (of collection)

Collector (e.g. your name)

Photograph

Whole jellyfish preserved? (yes/no; where)
Conditions

0 Iy O B B

Photograph of the following features
Bell

Differences in the bell margin can be useful to distinguish orders of medusae. For example,
the semaeostomeae, in contrast to the rhizostomeae, have tentacles on the bell margin.

Canal
Canal structure inside the bell
Cnidae

In jellyfish, most cnidae are located in and around the tentacles and/or oral arms. Their shape
is used for identification.

Mouth-arms

Differences in the form of the mouths distinguish orders of scyphomedusae. The
Rhizostomeae have many small mouths distributed over their oral arms in contrast to
semaeostomes, for example, which have a single, much larger, central mouth. The form and
distribution of mouths over the oral arms can also be useful for distinguishing taxa within the
Rhizostomeae.

Rhopalia

Rhopalia (singular rhopalium) are the most obvious sensory structures of scyphozoan
jellyfish. They include specialised structures for sensing light (eyespots) and movement or
direction with respect to gravity (statoliths).
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Table .1 Checklist to study the Morphological features of Scyphozoan and Cubozoan

Jellyfishes

1 Tentacles present on umbrella (on margin or
underside) (or) Tentacles lacking on
umbrella

2 Umbrella almost spherical (or) Umbrella not
spherical

3 Umbrella without prominent white spots
(or) umbrella with numerous prominent
white spots

4 Mouth-arms with stout finger-like
appendages (or) Mouth-arms with long and
slender filaments basally

5 Tentacles on underside of umbrella (or)
Tentacles on margin of umbrella

6 Tentacles in a wide band around underside
of umbrella; medusae large (or) Tentacles in
8 U-shaped clusters on underside of
umbrella

7 Colour of the Umbrella

8 Umbrella cuboid or not cuboid

9 Umbrella higher than a hemisphere (or)
Umbrella decidedly flattened.

10 Tentacles round noodles like or pasta like

flattened
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Diversity and distribution of jellyfishes in India

Class Scyphozoa 1is ascribed to four orders, namely Stauromedusae, Coronatae,
Semaeostomeae, and Rhizostomeae, with 65 genera and over 230 species globally (Gibbons
et al. 2022). The diversity of scyphozoan jellyfish along the Indian coastal waters has been
reported at 29; however, given the poor research attention given to this group, there may be
more species to be recorded in the coming years.

Order Semaeostomeae

The order Semaeostomeae is composed of three families, four subfamilies, 18 genera and
about 70 species (Kramp, 1961, Gibbons et al. 2022). Semaestommeae jellyfish are
characterized by four oral arms around the mouth. Tentacles are found at the umbrella
margin. (Arai, 1997). The two important families of Semaeostomeae are Cyaneidae and
Pelagiidae.

Order Rhizostomeae

The order Rhizostomeae is composed of two suborders, 10 families, 25 genera, and about 100
species (Kramp, 1961, Gibbons et al. 2022). Rhizostomeae jellyfish are characterised by
having a bell margin cleft into a lappet, with no tentacle on the bell margin, without a central
mouth, and with eight oral arms extended from the subumbrella, where each oral arm bears
numerous secondary mouths. A network of canals is found beyond the stomach. (Kramp,
1961; Arai, 1997). The important orders of this family are Mastigiidae, Versurigidae,
Lychnorhizidea, Catostylidea, Lobonematidae, and Rhizostomatida.

The class Scyphozoa is split into two orders: Coronamedusae (about 60 species) and
Discomedusae (about 170 species). Coronamedusae are defined by the presence of polyps (if
present) that sit within a tubular, chitinous exoskeleton, and medusae (if present) that have a
coronal groove and lack “oral arms”.They are uncommon in coastal plankton samples, but
may dominate samples collected in deeper water; such individuals generally being dark
red/purple in colour. Discomedusae can be conspicuous in coastal waters and they come in a
huge variety of shapes and colours: some may resemble enormous balls, others may be
smooth, flattened discs and others still can be fluffy, frilly or conspicuously knobbly. Not all
species have tentacles at either the umbrella margin or on the subumbrella surface,but all
possess oral arms.

e Bell flat (Iens-shaped) or with an elevated dome (triangular hat); with a characteristic
COronal Eroove........ccoeevverieneenierieneeieanen subclass Coronamedusae

e Bell more or less hemispherical, sometimes flat, but never with a coronal groove .
.......................................... subclass Discomedusae

'] Medusae with tentacles inserted on subumbrella. Subumbrellar tentacles arranged in a
U-shaped pattern - Cyanea

'] Oral arms with central mouth opening to gastric cavity; with or without
tentacles.Gastric cavity with large spaces, only divided by radial septa - Pelagidae

'] Oral arms with central mouth opening to gastric cavity; with or without
tentacles.Gastric cavity divided by canals - Ulmaridae
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71 Oral arms with no obvious mouth; no tentacles at margin. Oral arms with scapulets.
Oral arms with terminal and other appendages - Rhopilema

"1 Oral arms with no obvious mouth; no tentacles at margin. Oral arms without
appendages - Catostylus

71 Oral arms with no obvious mouth; no tentacles at margin. Oral arms shorter than bell
diameter - Crambionella

'] Oral arms with other types of appendages. Central part of bell with protuberances,
resembling a crown — Cepheidae

List of Scyphozoan jellyfishes Occuring in Indian waters

Atolla wyvillei Haeckel, 1880

Nausithoe punctata Kolliker, 1853

Periphylla periphylla (Péron & Lesueur, 1810)
Cyanea nozakii Kishinouye, 1891

Pelagia noctiluca (Forsskal, 1775)

Aurelia aurita (Linnaeus, 1758)

Acromitus flagellatus (Haeckel)

Acromitus maculosus Light, 1914

Catostylus mosaicus (Quoy & Gaimard, 1824)
Crambionella orsini (Vanhoffen)
Crambionella annandalei Rao, 1931
Lobonema smithii Mayer, 1910
Lobonemoides robustus Stiasny, 1920
Lobonemoides sewelli Rao, 1931
Lychnorhiza malayensis Stiasny, 1920
Rhopilema hispidum (Vanhdffen, 1888)
Cassiopea andromeda (Forsskal, 1775)
Cassiopea xamachana Bigelow 1892

Cephea cephea (Forskal, 1775)

Marivagia stellata Galil & Gershwin, 2010
Netrostoma coerulescens Maas, 1903
Netrostoma setouchianum (Kishinouye, 1902)
Mastigias papua (Lesson)

Versuriga anadyomene (Maas)

Phyllorhiza punctata Lendenfeld, 1884
Thysanostoma loriferum

Thysanostoma thysanura Haeckel, 1880

List of Cubozoan Jellyfishes occurring in Indian waters

® Alatina alata (Reynaud, 1830)
® Alatina madraspatana (Menon, 1930)
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Tamoya gargantua Haeckel, 1880
Chiropsalmus quadrumanus (F. Muller, 1859)
Chiropsoides quadrigatus (Haeckel, 1880)
Chiropsoides buitendijki (van der Horst, 1907)
Chironex indrasaksajiae Sucharitakul, 2017

Fig.5. Morphology of different jellyfishes- taxonomic family-wise

Rhizostomatidae

Cepheidae

Pelagiidae

Rhizostomatidae

Catostylidae

Ulmaridae

Mastigiidae

Physaliidae
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Leptobrachidae . .
Carybdeida Chirodropida

Gut content studies of Jellyfishes

In order to study the gut content of jellyfish, their gastric pouches are excised, opened, and
the contents rinsed through a 100-um mesh sieve. This is a common procedure for
concentrating gut contents and handling samples of large medusae. The collection of jellyfish
for gut content studies should be preferably done at night. All medusae should be studied
within 35 minutes of collection, which is less than published prey digestion times (Arai
1997).

Ecosystem importance of Jellyfishes

Jellyfishes are distributed globally and often form swarms under favourable conditions that
last for weeks to months before they collapse. Though jellyfish population swarms occur in
many places at an increasing trend, the lack of time series data on their distribution and
abundance along the Indian coast prevents us from concluding their population dynamics.
Establishing time series data around the Indian subcontinent and island territories on jellyfish
abundance is difficult due to the fact that, in most cases, these jellyfish get damaged in
bottom trawls and zooplankton tows and are not properly recorded. Jellyfish directly interfere
with many human activities (reviewed by Purcell et al., 2007; Richardson et al., 2009),
specifically through stings (beach closures, tourism impacts, injuries, deaths), clogging
intakes (coastal power and desalination plants, mining and military operations, shipping,
aquaria), interference with fishing (clogged and split nets, spoiled catch, stung fishers,
damaged gear, capsized boats), aquaculture (fish deaths, pens fouled by polyps), and marine
biological surveys (interference with trawls and acoustic surveys). Jellyfish also have
ecosystem impacts with indirect effects on fisheries resources that are difficult to quantify,
such as their roles as predators of zooplankton, fish eggs, and ichthyoplankton, as vectors for
parasites, as food for fish, and as refugia and food for some species of juvenile fish.
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Invasive species of jellyfish are reported in 21 of 45 Large Marine Ecosystems. For the most
part, invasive species were not responsible for the observed increases reflected in the results;
however, the widespread detections demonstrate that jellyfish are truly global invaders of
significant concern. Thriving populations of invasive jellyfish in systems like the
Mediterranean and Black Seas should serve as warnings for other ecosystems around the
globe, and it is likely that far more invasions have occurred than are reported (Holland et al.,
2004). It 1s considered that the drivers of the change in jellyfish population, including
overfishing, aquaculture, climate change, habitat modification, and the introduction of alien
species, suggest that human-caused coastal deterioration may have benefited jellyfish and led
to their increasing populations.

Global jellyfish Fisheries

Dried jellyfish is considered a delicacy in many Asian countries. Jellyfish are also purported
to have beneficial medicinal properties and are traditionally used to treat ailments such as
arthritis, hypertension, and back pain (Hsieh et al., 2001). Jellyfish have been harvested off
the coast of China for more than 1700 years (Omori & Nakano, 2001).

Only jellyfish belonging to the order Rhizostomeae are harvested for food. The rhizostomes
are preferred because they are typically larger and have more rigid bodies than other
scyphozoan orders. When processed, the rhizostomes produce a product that has a desirable,
almost crunchy texture. Some species considered to be edible are:

Cepheidae Cephea cephea

Catostylidae Catostylus mosaicus, Crambione mastigophora, Crambionella orsini,
Crambionella annandalei

Lobonematidae Lobonema smithi, Lobonemoides gracilis

Rhizostomatidae ~ Rhopilema esculentum, Rhopilema hispidum, Rhizostoma pulmo

Stomolophidae Stomolophus meleagris,Stomolophus nomurai

Indian Jellyfish fisheries

There are active jellyfish fisheries along Kerala, Gujarat, and Andhra Pradesh, and four
species support jellyfish fisheries in India, viz., Crambionella annandalei, C. orsini,
Catostylus sp., and Rhopilema hispidum, which are processed and exported to overseas
markets.

Jellyfish sting management

All jellyfish have venomous tools to catch prey, and some of these can also harm humans.
These tools are tiny organelles called nematocysts. They look like harpoons and have a
venom-filled bag with an inverted, coiled, mostly barbed injection tube. Although millions of
these nematocysts can be found clustered on the tentacles and mouth arms of jellyfish, they
are also scattered over the whole body in many species. The mechanism is the same in all
jellyfish species, but the venoms and potencies vary.
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The type of sting and how severe it is will depend on how much of (e.g.) the tentacle touches
the skin and the species of jellyfish. Mild jellyfish stings usually cause minor pain, itching,
and, in some cases, a rash. More serious jellyfish stings can cause the following symptoms,
and medical help should be consulted as soon as possible: The symptoms of a more serious
jellyfish sting can include difficulty breathing, chest pain, muscle cramps, skin blistering,
numbness or tingling, nausea or vomiting, difficulty swallowing, and worsening redness,
rash, or pain if the sting gets infected.

The ICAR-CMFRI has developed a package of practice for managing jellyfish stings, known
as the "JellySafe" first aid kit. This package includes jelly spray, forceps, jelly card, Caladryl
lotion, gloves, and forceps. This first aid kit is working on a three-pronged approach to
alleviate pain management and retard venom discharge. A special cosmetic formulation with
the special purpose “JellySpray” has been developed and is under evaluation for minimising
the effect of common jellyfish stings, including the more dangerous box jellyfish stings.
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Rhopilema hispidum

Lobonemoides robustus

Mastigias papua

Cyanea sp. Cassiopea xamachana
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Chiropsoides sp.

Jellyfish sting advisory board at tourist beaches

First aid kit developed by ICAR-CMFRI
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Terminology

Adradius, adradial: four body axes that lie mid-way between the perradius and the
interradius; do not run through opposite rhopalia.

Anastomose: joining and fusing.

Bell: the umbrella or body of the medusa.Maybe saucer-shaped, cuboidal or
hemispherical.

Bell Diameter (Scyphozoa): distance between opposite rhopalia or lappets of
Scyphozoa and opposite margins of Hydrozoa.

Bell Height (Scyphozoa and Cubozoa): vertical height from apex of umbrella to bell
margin. Precise measurements may be taxon specific.

Bell Width (Cubozoa): distance between opposite pedalia on a flattened specimen,at
the height where the pedalium joins the exumbrella of the bell.

Capitate: in reference to tentacles bearing a nematocyst cluster terminally as a slight
knob or swelling.

Circular canal: canal running around bell margin of hydrozoans, linking the distal
ends of radial canals.

Cnida (s), Cnidae (pl): the explosive organelle found within cnidocytes, which
protective or predatory purposes. Often uncritically referred to as a nematocyst.
Envenomation: the process of being stung. A jellyfish can stings you causing an
envenomation.

Ephyra (s), ephyrae (pl): the freeswimming product of asexual reproduction that will
develop into a medusa. Ephyrae are typically released following the strobilation of
polyps, but may be released by viviparous medusae or through changes from the
planula larva.

Exumbrella: upper surface of bell, often strongly pigmented and eventually with
warts.

Gastric filaments: fine, thread-like filaments of endodermal tissue responsible for the
secretion of digestive enzymes into the gastric cavity. May occur in clusters
interradially, or on gastric septa. Usually lost on collection and ironically most
conspicuous on ephyrae.

Gastric ostia: subgenital ostia

Gastric pouch: in Coronamedusae/Pelagiidae the peripheral parts of the
gastrovascular system divided by the radial septa forming a series of relative discrete
areas or pouches.

Gastrovascular canals: system of canals that distribute food from the centrally
situated “stomach” to the bell margin.

Interradius, interradial: two body axes, at 45° to the perradius, again running
through opposite rhopalia.

Lappets: scalloped flaps of ectodermal tissue at bell margin. The number of lappets
per octant, their relative size and shape, pigmentation and internal canal extensions
can provide useful information for separating taxa at the species level. Those lappets
that flank the rhopalia tend to have a different character to the balance and are referred
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to as rhopalial lappets, as opposed to velar lappets. All are regarded as marginal
lappets.

Manubrium: mouth tube; frequently with a thick mesoglea; of variable length and
supporting oral arms distally

Medusa: free swimming cnidarian — classical jellyfish

Mouth: external opening to the gastrovascular system. Open, and located centrally on
the subumbrella surface of Cubomedusae, Coronamedusae,and Semaeostomeae, but
closed off in Rhizostomeae where is relocated as numerous mouthlets on the oral
arms.

Oral arms: extensions of the mouth tube or manubrium; effectively long, thin and
often coiled-lips bearing cnidae in the case of Semaeostomeae that surround an open
mouth centrally; or, in the case of Cepheida and Rhizostomida, much thickened and
supporting numerous mouthlets externally, and with a branching gastrovascular
network internally.

Pedalium: interradial extensions of the bell margin in which tentacles are attached. It
has an internal pedalial canal which is connected to the gastrovascular cavity. In its
upper part some species present a knee-bend which has taxonomic value.

Polyp: the generally sessile phase in the life cycle of cnidarians, resembling a
sea-anemone, typically with tentacles around its mouth. In hydrozoans, polyps may
occur in colonies of clones that display polymorphism. The polyp may be protected
by a chitinous tube (some Hydrozoa and Coronamedusae), or be naked. Also known
as a scyphistoma in Scyphozoa.

Rhopalium: collection of sense organs (ocelli, light; statocysts, “balance”) into a
single body, generally at or close to the bell margin.

Ring canal: see gastrovascular system.

Scapulets: eight short, rigid, pairs of mouthlet-bearing outgrowths at the base of
manubrium in some Rhizostomeae.

Strobilation: the process of asexual reproduction by a polyp that gives rise to ephyrae
(through transversal fissions of the body).

Subumbrella: lower surface of bell.

Tentacles: threads (hollow or solid) of ectodermal tissue arising from the bell
margin/subumbrella surface (Hydrozoa,Scyphozoa), or from pedalia (Cubozoa),which
are laden with nematocysts and used for prey capture. Generally retractile; of variable
length. The number and arrangement of tentacles are useful characters in taxon
identification, though it should be remembered that they are frequently lost on rough
collection. The designation primary, secondary, etc. refers to the order in which
tentacles develop in some Semaeostomeae, with the primary tentacles forming first
from between velar lappets at the centre of each octant.
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17. Sea cucumber Taxonomy: Conventional and Molecular Approaches

Dr. Asha P. S.
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Vizhinjam Regional Centre

Introduction

Sea cucumbers, popularly known as holothurians, belong to the phylum Echinodermata, a
unique group in the animal kingdom. They are significant members of benthic invertebrate
communities, found in all major oceans and seas worldwide. Echinoderms are characterized
by radial symmetry (typically pentamerous), an internal skeleton made up of plates or
ossicles, and a specialized water vascular system of fluid-filled tubes. The phylum is
categorized into five classes, each with distinct appearances such as crinoids (or feather
stars), holothuroids (or sea cucumbers), echinoids (or sea urchins), asteroids (or sea stars) and
ophiuroids (or brittle stars).

Sea cucumbers are commercially exploited organisms that provide livelihoods for millions of
coastal fishers globally and serve as a source of nutrition for consumers in Asia (Purcell et al.,
2013). The processed product derived from sea cucumbers is known as ‘beche-de-mer’ in
French, ‘iriko’ in Japanese, ‘haisom’ in Chinese, and ‘trepang’ in Indonesian. Its export value
is particularly high in Southeast Asian countries due to its rich protein content and essential
nutrients, such as vitamins, amino acids, trace metals, and minerals (Bordbar et al., 2011). In
addition to their economic importance, sea cucumbers are integral to traditional Chinese
medicine. Recent research has also highlighted their potential as a source of various bioactive
compounds with properties that are anti-angiogenic, anticancer, anticoagulant,
anti-hypertensive, anti-inflammatory, antimicrobial, antioxidant, antithrombotic, antitumor,
and wound-healing.

Furthermore, sea cucumbers play a critical role in ecosystem functioning by contributing to
sediment health through bioturbation, nutrient recycling, and influencing seawater chemistry.
They host a diverse array of parasitic and commensal symbionts from various phyla, which
enhances ecosystem biodiversity. Many predatory taxa rely on sea cucumbers, thereby
transferring nutrients—derived from detritus and microalgae—to higher trophic levels and
establishing energy transfer pathways within food chains (Purcell et al., 2016).

Conventional methods of sea cucumber identification

Historically, the taxonomy of sea cucumbers relied on morphological traits such as
Tentacle structure

e Presence or absence of tube feet.
e Ossicle types
e (Gonad arrangement.
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Morphology of sea cucumbers

branching
tentacies

Fig. 1. Hololothurian morphology (adapted from Pawson, et al., 2010)

Holothurians have an elongated body that can take the form of a short or long cylinder. The
mouth is located at the anterior end and is encircled by tentacles, while the anus is situated at
the posterior end, often bordered by small papillae. Sea cucumbers typically rest on the
substrate with their ventral surface, or trivium, which is characterized by radial structures.
This creeping sole is equipped with locomotory podia, while the dorsal surface, or bivium,
often features sensory papillae instead of podia (Fig.1). The mouth of a sea cucumber can be
either terminal or slightly displaced dorsally and is surrounded by a thin buccal membrane,
generally bordered by a ring of tentacles. These tentacles, which are buccal podia, contain
extensions of the water vascular system and serve various functions related to feeding,
sensory perception, and manipulation of food particles. The types of oral tentacles can vary
among species, influenced by their ecological adaptations. Tentacles play a crucial role in
identifying different species of sea cucumbers due to their diverse morphology, arrangement,
and specialized functions. The morphology of these tentacles can vary significantly among
species. Features such as the shape, size, length, and surface texture of the tentacles can be
used to differentiate species. Additionally, the number and arrangement of tentacles around
the mouth are often species-specific traits. Some sea cucumbers may have a single ring of
tentacles, while others possess multiple rows or clusters. The presence, absence, or specific
arrangement of oral tentacles can greatly assist in the identification of different sea cucumber
species.

Types of Tentacles

i. Peltate Tentacles: Peltate tentacles are characterized by a broad, flattened, disc-shaped
structure at the distal end, resembling a small paddle or leaf. These tentacles are often
found in species that specialize in filter feeding, as the broad surface area helps in
capturing suspended food particles from the water column (Fig.2).

ii. Digitate Tentacles: Digitate tentacles are slender and elongated, resembling fingers or
digits. They may have a tapered or rounded tip. These tentacles are versatile, serving
both feeding and sensory perception roles, and are commonly found in generalist feeders
that consume a variety of food types.

iii. Papillate Tentacles: Papillate tentacles are covered with small, finger-like projections or
papillae along their surface. These tentacles are typically associated with species that
feed on organic detritus or fine particulate matter. The papillae increase the surface area
for efficient nutrient absorption.
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iv. Fusiform Tentacles: Fusiform tentacles are cylindrical or spindle-shaped, with a uniform
diameter along their length. These tentacles may be found in species that engage in
selective deposit feeding, targeting specific types of organic matter or microorganisms in
sediments.

v. Branched Tentacles: Some sea cucumbers possess oral tentacles that are branched or
subdivided into smaller segments, resembling a tree-like structure. Branched tentacles
can increase the surface area available for feeding or sensory perception, enabling sea
cucumbers to efficiently capture food particles or detect chemical cues in their
environment.

vi. Tentacular Bulb: In certain sea cucumber species, particularly those in the family
Synaptidae, the oral tentacles may be modified into a bulbous structure known as a
tentacular bulb. This bulb is used for burrowing into sediments and capturing prey buried
within the substrate. It may also assist in respiration and gas exchange in some species

(Fig. 2).

Fig. 2. Hoolothurian tentacles. A, shield-shaped (Order Aspidochirotida); B, branching (O.
Dendrochirotida); C, pinnate (O. Apodida); D, digitate (O. Apodida, O. Molpadiida); E, digitate (O.
Molpadiida) (adapted from Pawson, et al., 2010).

Calcareous rings

Calcareous rings are skeletal structures found within the body wall of sea cucumbers,
providing a support framework for their internal organs and muscles. These rings consist of
calcareous ossicles, which are small calcareous plates or pieces arranged in a circular or
ring-like formation around the esophagus, creating a rigid structure (Fig.3).

Calcareous rings play a crucial role in the taxonomy and classification of sea cucumbers,
offering valuable insights into their taxonomy, phylogeny, species diversity, and functional
ecology. By studying the morphology and characteristics of these rings, researchers can
deepen our understanding of the evolutionary history and ecological diversity of these
fascinating marine organisms. The morphology and arrangement of calcareous rings vary
significantly among different species of sea cucumbers. Taxonomists utilize the features of
calcareous rings, such as the number, shape, size, and arrangement of ossicles, as diagnostic
criteria for species identification and classification.
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Fig.3. Calcareous rings; A, B, C with two radial pieces and one interradial piece, D with two
interradial pieces and two notched radial pieces. A, ring with medium posterior projections; B, ring
with short posterior projections; C, ring with no posterior projections; D, tubular ring with long,
complex, posterior projections (adapted from Hyman, 1955).

Body wall and Spicules

The body wall of sea cucumbers consists of a robust layer of collagen-rich connective tissue
known as the dermis, which is covered by a thin outer layer called the epidermis. Within the
dermis lies the sea cucumber's skeleton, formed by numerous microscopic structures known
as spicules. These spicules showcase an array of stunning geometric designs that differ
among species and age, playing a crucial role in classification (Slater and Chen, 2015).
Primarily made of calcium carbonate, spicules provide essential structural support and
reinforcement to the soft tissues of sea cucumbers. Their composition can vary, with some
species incorporating magnesium or other trace elements. The shapes, sizes, and surface
decorations of spicules can range widely, from simple rod-like forms to intricate branched or
adorned structures.

Common types of spicules found in sea cucumbers include:

1. Table Spicules: These are flat, disc-like structures featuring a central perforation. They
contribute to the stiffness of the body wall and the overall structural integrity of the sea
cucumber's skeleton (Fig.4).

2. Anchor Spicules: Elongated and often pointed at one or both ends, these spicules resemble
miniature anchors. They secure the body wall to surrounding tissues and substrates,
enhancing stability and minimizing the risk of collapse.

3. Wheel Spicules: Shaped like wheels with radiating spokes or arms, these spicules are
believed to reinforce specific areas of the body wall and may aid in locomotion and
burrowing behaviors in certain species (Fig.4).

4. Cylinder Spicules: These are elongated and cylindrical with either smooth or decorated
surfaces. They provide necessary structural support and flexibility to the body wall, allowing
sea cucumbers to endure mechanical stresses and distortions.

Spicules serve various ecological roles within sea cucumbers. They can act as physical
deterrents against predators by enhancing the rigidity of the body wall, making them more
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resistant to deformation or compression. Additionally, these structures facilitate the
burrowing behavior of sea cucumbers into sediment.

o -shaped
spiracle

Fig.4. Basic types of spicules (adapted from Conand,1998)

Species identification of sea cucumbers by examining the spicules

Sea cucumber species can be identified by examining the skeletal elements, known as
ossicles, located in various parts of the body. This is particularly effective for those embedded
in the body wall, papillae, podia, and tentacles of live, dried, or preserved specimens. The
following method, adapted from Purcell et al. (2023), can be used to isolate these ossicles:

1. Remove small pieces of tissue (e.g., a few square millimeters) from different body parts
and place them into separate, labeled vials.

2. Add the required volume (e.g., 0.5 ml) of sodium hypochlorite (concentrated household
bleach) or sodium hydroxide to each vial to dissolve the organic tissue. The soft tissue will
dissolve in 20-30 minutes, leaving the hard ossicles at the bottom of the vial.

3. After decanting or pipetting out the bleach, the settled ossicles can be separated and
washed five times in distilled water. Carefully use a pipette to remove the liquid from the
vial, rinsing the pipette in fresh water each time to avoid contaminating the sample with
ossicles from another vial. 4. The isolated ossicles can then be rinsed in alcohol and placed
onto a microscope slide with a drop of mounting medium (e.g., Euparal). They are ready for
microscopic observation, including scanning electron microscopy (SEM).

Characteristics of orders under the class - Holothuroidea

There are five orders in the class Holothuroidea (Dendrochirotida, Aspidochirotida,
Molpadiida, Apodida and Elasipoda). The description is given below (adapted from Pinn,
2013).
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Order Description

Dendrochirotida There were 10-30 tentacles highly branched or shaped in the form of
dendritic, occasionally digitate. Ten calcareous plates form a simple or
complex posterior process calcareous ring. They are usually sedentary,
attached or burrowing. Introvert and retractor muscles are present.

Aspidochirotida Very large group with very diverse and abundant in shallow tropical
habitats. Tentacles always in the shape of peltate. Respiratory trees
present. Introvert and retractor muscles absent.

Elaspodida Lack of respiratory tree in body cavity. Strongly bilaterally symmetrical
with commonly complicated and elaborate projections like frills, veils
and sails on their gelatinous body. Only found in deep sea at abyssal
depths.

Apodida One of the simplest forms of sea cucumber. It has a very long and
worm-like cylindrical body. .Body wall without any tube feet, except
for the tentacles, hence have soft smooth and soft body. Respiratory
trees and anal papillae absent. Ossicles often include wheels, or
anchors....

Molpadiida Tentacles are digitate. Stouted fusiform body with some slightly curved
body to some curved liken a ball with tapering to a more or less
conspicuous tail. No tube feet are present in the body wall and are
mostly find in soft muddy substrates. Respiratory trees present; anal
papillae may be present. Ossicles not wheel-shaped

Key to the shallow-water families of Aspidochirotida (adapted from James and James 1994).
1a. Body with trivium (sole) usually flattened and dorsal bivium convex; gonads forming a
single tuft appended to the left dorsal mesentery; Cuvierian organs present or absent;
dominant spicules of form of tables, buttons (simple or modified), and rods (excluding C- and
S-shaped rods) . oo evvvinniniiiiinnnnenn, Holothuriidae.

1b. Body square-shaped or trapezoidal in cross-section; Cuvierian organs always absent;
gonads forming two tufts appended on each side of the dorsal mesentery; dominant spicules
in form of branched rods and C-and S-shaped rods........ Stichopodidae

Field keys to the commercially important genera of holothurians

1. Anal opening surrounded by five teeth-like structure Actinopyga

1'. Anal opening not surrounded by teeth-like structure ...2

2. Anal opening surrounded by five groups of papillae....Bohadschia

2'. Anal opening not surrounded by five groups of papillae 3

3. Body more or less quadrangular with distinct papillae....Stichopus

3'. Body not quadrangular, but tubular, sometimes loaf-shaped 4

4. Body massive up to 800 mm in length, dorsal papillae resembling leaf-like strucutre
Thelenota

4'.Body moderate in length up to 600 mm; papillae not expanded into leaf-like structures
Holothuria
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Genus Actinopyga Bronn, 1861

Species belonging to this genus are either of medium value or low value.

Field key to the species of actinopyga

1. Colour completely black A. miliaris

1'. Colour brown or brown and white

2. Colour brown on the upper side and white on the lower side; often found near low water
mark A. mauritiana

2" Colour completely brown with often sand deposits on the upper side of body; mostly
found in deeper waters ... A. echinites

Genus Bohadschia Jaeger, 1833

Massive forms with distinct anal papillae, often buried or covered with a fine coat of mud.
Because of the Cuvierian tubules (sticky threads) processing is difficult. Species belonging to
this genus have moderate commercial value.

Field key to the species of Bohadschia

1. Colour black or brown with distinct 'eye' like spots all over the body B. argus

1'. Colour variable, usually light brown with black spots B. marmorata

Genus Stichopus Brandt, 1835

Some species belonging to this genus reach a massive length of 900 mm. Body will
disintegrate and become gelatinous when taken out of water.

Field key to the species of stichopus

1. Body quadrangular with four rows of large finger-like processes. Colour dark green,
appearing almost black in some shades of light S. chloronotus

2. Body massive and loaf-like with irregular brown patches on yellow grey background S.
variegatus

Genus Thelenota Brandt, 1833
Very massive forms with numerous large pointed teats in groups of two or three all over the
upper surface.

Genus Holothuria Linnaeus, 1764

This is by far the most important genus for processing. Over one hundred species are known
under this genus.

Key to the species of Holothuria

1. Body like a loaf with very thick body wall. In the living condition about six pairs of lateral
teat-like projections are seen; body with black and white patches Holothuria nobilis

1'. Body tubular, body wall not very thick. No lateral projections in the living condition 2

2. Body completely black in colour; red colour comes off when live specimens are handled
Holothuria atra

2'.The colour not completely black and no red colour comes off when live specimens are
handled 3

3. Yellow transverse bands on the upper side of the body, lower side white with a number of
black dots Holothuria scabra
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3'. Body uniformly brown in colour; small stiff projections all over the body; highly
burrowing form H. spinifera

Advances in the molecular taxonomy of sea cucumbers

Molecular taxonomy has revolutionized the classification of sea cucumbers (Holothuroidea),
offering a more robust framework compared to traditional morphology-based systems. Below
are the key advancements provided by molecular approaches. The conventional techniques
often led to inconsistent and subjective classifications, as they could vary within species or
exhibit convergent evolution. Molecular tools, such as DNA sequencing, now allow the
examination of evolutionary relationships at the genetic level, providing more objective and
precise classifications. Molecular studies of sea cucumbers use various genetic markers and
techniques, including 18S rRNA, COI (Cytochrome ¢ Oxidase I), Mitochondrial DNA and
RAD-seq analyses for fine-scale relationships.

Taxonomic revisions

Molecular data revealed that several traditional orders, such as Aspidochirotida, Elasipodida,
and Molpadida, are polyphyletic. This means they include species that do not share a
common ancestor. For instance, the order Aspidochirotida was split into three new orders
like Synallactida (includes families Stichopodidae, Synallactidae, and Deimatidae),
Persiculida (includes families Gephyrothuriidae, Molpadiodemidae, and
Pseudostichopodidae), Holothuriida (includes families Holothuriidae and
Mesothuriidae).Dactylochirotida was merged with Dendrochirotida, as molecular evidence
supported their close evolutionary relationship. Molpadida and Apodida, while retaining
distinct identities, were shown to share more similarities than previously thought. Molecular
studies highlighted polyphyly within traditionally recognized families such as Psolidae and
Cucumariidae, prompting further re-evaluation. Miller et al. (2017) constructed a
comprehensive phylogenetic tree using genetic data from representatives of most known
families. This tree now underpins modern classifications.

Importance of integrating molecular and morphological Data

While molecular data provide clarity, integrating these findings with morphological traits
ensures comprehensive taxonomy due to the reasons like morphological features remain
important for field identification and ecological studies and molecular classifications require
alignment with morphological characteristics to achieve practical utility. Advances in
molecular taxonomy have significantly improved our understanding of sea cucumber
diversity, evolutionary relationships, and classification. These insights are invaluable for both
scientific research and the sustainable management of sea cucumber resources.
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18. Mangrove ecosystem- importance, identification and threats in

Karnataka
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Introduction

Coastal habitat like mangroves, seagrass, coral reefs, and estuaries are intricately linked to
fisheries, and their conservation is essential for maintaining the health of our oceans and the
livelihoods of communities that depend on them. They support small-scale, commercial and
recreational fisheries in India and are a vital source of income for millions of people. They
provide humans with multiple benefits, a stable climate, air, water, food and materials in
addition to protection from disaster and disease. Mangrove species contain a wide variety of
chemical compounds that could be used as drugs for many epidemic diseases (Behbahani et
al., 2018).

Like other coastal ecosystems, naturally dynamic conditions resulting from weather patterns
drive riverine, estuarine, and coastal hydrogeomorphology and ultimately the spatial pattern
of marine macrophytes mangroves (Lugo and Snedaker, 1974) seagrasses and seaweeds. The
coastal vegetation, which grows under different conditions are varied consisting mainly of
marine algae or seaweeds, seagrasses, mangroves and sand dune vegetation, which grows on
a sandy zone beyond the highest high tide level. Loss of any of these habitats can destabilize
bottom sediments formerly protected from water, wind and tidal erosion by the sheltering
and binding abilities of macrophyte colonies. Such changes also exert pressures on fish
congregation and benthic invertebrates (Fig. 1).

Fig. 1 Benthic fauna-bivalves and polychaetes observed in mangrove ecosystem

Mangroves are salt-tolerant and distributed along coastlines, lagoons, estuaries, rivers or
deltas in over 120 tropical and subtropical nations and forms less than 1 percent of all tropical
forest. In 2020 it was estimated that mangroves areal extent is 14.8 million ha (FAO, 2023).
Mangrove coverage in the nations Indonesia, Brazil, Nigeria, Mexico and Australia accounts
for 47 percent in the world (FAO, 2020). Mangroves provide nursery grounds for numerous
fish species, protect shorelines from erosion, and support biodiversity. There are many birds
which breed, feed and take shelter along the mangrove ecosystem (Fig.2). Marine-estuarine
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species- adults spawn offshore, produce eggs which disperse in water columns for varying
lengths of time. The eggs then develop planktonic larvae, which move or are carried by
current into an inshore estuarine region where mangroves protect and are also the feeding
ground. The length of time spent varies between species, region and also depends on
environmental factors. The sub adults or adults migrate varying distances out of the estuary
e.g Penaeus merguiensis, sea mullet (Mugil cephalus) Whiting (sillago sp) and flathead
(Platycephalus spp).

Nitrogen, phosphorus, potassium, magnesium, oxygen, hydrogen, carbon, sulfur, and iron
supply relative to the catchment area influences the growth of these macrophytes. Heavily
populated coastlines in the region also make these macrophytes vulnerable to anthropogenic
disturbances such as those to the landscape (channelization, impoundment), those on soil or
water properties (eutrophication, pollution), or those on species (vegetation planting/removal,
burning, introduction of invasive species). Indian mangroves cover an area of approximately
4,975km: which is approximately 3% of the mangrove vegetation in South Asia (ISFR,2019).
Approximately 57% of these areas are located along the east coast of the Indian mainland,
23% along the west coast, and 20% in the Andaman and Nicobar Islands (Venkataraman and
Wafar, 2005). It is estimated that mangroves store 12 billion metric tons of carbon dioxide
worldwide and when these systems are damaged, they emit their stored carbon back into the
atmosphere, where it contributes to climate change (Cawood 2023). In India the ecosystem
services of mangroves are region specific due to their diverse nature, which includes tourism,
water filtration; it is estimated that 2 to 5 hectares of mangroves may treat effluents of 1 ha of
aquaculture, supports more than 3000 species of fishes, regulates climate; as carbon storage
potential is 3-5 times higher than that of the tropical forest, supports livelihood of 120 million
people directly or indirectly, is a source of fuel and timber and offers coastal protection.

Fig. 2 A) Indian Pond-Heron Ardeola grayii (Breeding plumage), B) Ruddy Shelduck Tadorna
ferruginea and C) Oriental white ibis (Threskiornis melanocephalus).

Mangrove diversity in Karnataka

The mangroves diversity varies according to the ecosystem depending largely on the climate,
salinity, topography, also the structure and composition of soil of the area. In very high saline
areas patches of dwarf and tree having irregular and distorted growth patterns can be
observed while favourable conditions for certain species forests with canopies exceeding 40
m in height (FAO, 2007) can be observed as in the Sundarbans. The perennial rivers Ganges,
the Meghna and the Brahmaputra of India and Bangladesh, bring with it rich nutrients and
forms the Sundarbans delta. In arid zones, the diversity is often limited and irregular canopy
can be observed as in Karnataka where nutrient flow occurs mainly during monsoon. These
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mangroves still play a major role in the ecosystem as well as for the economy of the local
people.

Rao and Suresh (2001) and Chandran et al. (2012) have reported the occurrence and
distribution of eumangrove species such as Rhizophora mucronata (Fig.3a&b), R. apiculata,
Acanthus ilicifolius, Avicennia alba, A. marina, A. officinalis, Bruguiera cylindrica, B.
gyvmnorhiza, Lumnitzera racemosa, Excoecaria agallocha, Kandelia candel, Sonneratia alba,
S.caseolaris, Aegiceras corniculatum and Ceriops decandra along the estuaries of
Karnataka.

The mangroves assimilate pollutants and recycle nutrients through various biochemical
processes. Sediment meiofauna, feed directly on mangrove detritus. The composition of the
meiofaunal community changes during the process of litter decay, suggesting that the
community is responding to chemical changes in the
leaves.Litter decomposition rates vary among mangrove species. Avicennia leaves are thinner
and have fewer tannins hence decompose faster than those of other species. Avicennia leaves
also sink and begin to decompose immediately whereas the leaves of other species
(Sonneratia and Rhizophora) may float for several days.

Fig. 3b Rhizophora apiculata (A) Avicennia officinalis(B) Avicennia marina(C)
Mangrove morphological adaptations

Though mangrove species diversity is less compared to that of rainforest, their ability to
adapt to adverse conditions in the intertidal zone is what makes them unique. Morphological
adaptations of mangroves to survive the tidal variations include aerial roots, salt excretion
glands and vivipary of seeds. The aerial roots assist in respiration and anchorage especially in
waterlogged soils and enhance the plants ability to adapt to salinity changes in the ecosystem
(excess salt is excluded by the roots and leaves); propagules are also adapted to tidal dispersal
by seed vivipary and excellent methods of nutrient retention.
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Functional attributes

Breathing roots aid to survive in anaerobic conditions

Viviparous propagules are buoyant

Salt glands to remove excess salt

Supporting roots vary in structure to adapt to the changing salinity regime
High intracellular salt concentration

e

Types of roots

Around the mangrove tree trunk there is a barrier of roots which support the diverse fauna of
the ecosystem. Some mangrove species have pencil-like peg or cylindrical roots of varied
lengths that grow above the ground and Rhizophora species have roots which resemble legs
and are sometimes referred to locally as walking trees (Fig.4 ). Some common names of
mangrove trees are given in Tablel. The dense network of mangroves protects adjacent
highlands from erosion and damage. Their capacity to limit high-energy wave erosion is
limited to events such as storm surges and tsunamis. Erosion often occurs on the outer sides
of bends in river channels that wind through mangroves, while new stands of mangroves are
appearing on the inner sides where sediment is accruing. Field guide to identify different
mangrove species is given in Table 2.

XYLOCARPUS

AWICENNILA BRLUGLIERA HERETIERA

Fig. 4 Root pattern difference in mangroves
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Table 1. Common names of some mangrove species observed in Karnataka

Acanthus ilicifolius

Lumnitzera
racemosa

Excoecaria
agallocha

Aegiceras
corniculatum

Bruguiera
cylindrica

Bruguiera
gymnorrhiza

Ceriops decandra
Kandelia candel

Rhizophora
apiculata

Rhizophora
mucronata

Sonneratia alba
Avicennia alba
Avicennia marina

Avicennia

officinalis

Sea holly

White flower back mangrove

Blind your eyes, milky mangrove

River mangrove

Black mangrove

Large leafed orange mangrove/oriental
mangrove

Chiru kandal
Kandla

Red mangrove

Looproot mangrove

Mangrove apple
Api Api Putih
Indian white mangroves

Indian mangrove

Table 2. Field guide to identify different species of mangroves

S1 Family Species Key features
No:
1 Acanthaceae Acanthus ilicifolius L. Pneumatophores rarely present, A

woody shrub, with somewhat green
succulent  branches,  Holly-leaves
perennial spike with white to mauve
flowers. Pair of stipular spines at the
base of leaves and also a pair of
bracteoles beneath each flower

276




ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Combretaceae

Lumnitzera racemosa

Wild.

Pneumatophores absent,  Leaves
clustered at the end of branches,
alternate leaves have notched apex
bearing a small gland/Hydathode,
white flowers in short axillary racemes
, Multi-stemmed to columnar trunk

Euphorbiaceae

Excoecaria agallocha L.

Exudes milky latex, abaxial surface of
leaves with greyish scales. Bark with
longitudinal roes of lenticels, Knobby
serpentine root system, with white
lenticels on the knobs acting like
pneumatophores

Myrsinaceae

Aegiceras corniculatum

Pneumatophores absent,
Multi-stemmed or columnar trunk,
Flowers stalkes, several in number,
fruits cylindrical, curved and acute 3
cm long and 0.5 cm dia

Rhizophoraceae

Bruguiera cylindrica

(Roxb.)Wight.

Geniculate pneumatophores, cable
roots, Flowers not solitary in axis
Peduncles 3 flowered

Rhizophoraceae

Bruguiera gymnorhiza
Merr.

Geniculate pneumatophores, cable
roots, Flowers solitary in axil, Petals
with 3-4 hairs at the top, viviparous
fruit, 10-25cm long, leaf scars 3,
distinct, usually horse-shoe shaped
vascular bundles

Rhizophoraceae

Ceriops decandra
(Griff.)Ding Hou.

Pneumatophores curiously shaped,
feeding roots, cable roots and
anchoring roots present, stem flanged
or buttressed with short plate like
protruberances. Petals divided into
fringe like lobes. Fruits with spreading
calyx lobes. Hypotocyl club shaped,
angular to 30 cm long.

Rhizophoraceae

Kandelia candel (L.)
Druce.

Pneumatophores absent, tree bushy
form with aeriel roots in close
assembly from stem and branches,
white flowers in axillary pendunculate,
dichotomously branched cymes. Fruit 1
celled, 1 seeded grit with the persistent
reflexed calyx lobes. Propagule
viviparous, bark reddish brown

Rhizophoraceae

Rhizophora apiculata
BL.

Pneumatophores absent, multiple leaf
scar, Branching stilt roots, cyme with 2
sessile, flowers on thick peduncles
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under leaf or the leaf with or without
black dot, Fruits like an inverted pear,
hypocotyl curved at the apex

10

Rhizophoraceae

Rhizophora mucronata
Poir.

Pneumatophores absent, multiple leaf
scar, leaves ending with apiculum.
Branching stilt roots, Flowers in
recurved stalk, style is absent or very
short

11

Sonneratiaceae

Sonneratia alba J. Smith

Pneumatophores present, feeding roots,
cable roots and anchoring roots
present, stipules absent in leaf,
branches swollen at nodes, readily
breaking. Flowers large 6-8 oblong
sepal lobes. Stamens numerous, long

12

Sonneratiaceae

Sonneratia caseolaris
(L.) Engl.

Pneumatophores present, feeding roots,
cable roots and anchoring roots
present, leaves have at the tip
hydathodes, Flakeybark, brownish in
colour

13

Verbenaceae

Avicennia alba Bl.

Pneumatophores 15-20 cm long, tree
height 10m-15m, bark grey, leaf dark
green or black shining above, flower
3-6 mm, yellow, fragrant, arranged in
axillary or terminal spikes, peduncle
2.5-3.5cm long branched. Fruits
compressed capsule ovoid or ellipsoid
slightly curved at the apex. Seed
solitary.

14

Verbenaceae

Avicennia marina
(Forsk.) Vierh.

Pencil like pneumatophores feeding
roots, cable roots and anchoring roots
present, Gnarled spreading tree, leaves
grey dense hairy on abaxial surface.
Fruit velvety like, an unopened almond
in shape, not acuminate or beaked at
the tip.

15

Verbenaceae

Avicennia officinalis L.

Pneumatophores plenty tree height 8m.
salt excreting glands on leaf. Flower
lem long, fruit green almond shaped

Mangrove species and salinity tolerance

India has a diverse range of mangrove species, and their salinity tolerance varies. Table 3
gives the salinity tolerance of some species of mangroves found in the west and east coast of
India. Different populations of the same species may exhibit varying levels of salinity
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tolerance as environmental conditions of temperature, humidity, and tidal influences can
affect a species' salinity tolerance.

Table 3 Salinity tolerance of mangrove species

Species Salinity tolerance

Avicennia officinalis Highly tolerant of high salinity up to 45 ppt

Rhizophora mucronata | Moderately tolerant of high salinity up to 35 ppt

Bruguiera eymnorrhiza | Tolerant of moderate salinity (up to 25 ppt)

Ceriops tagal Tolerant of low to moderate salinity up to 25 ppt

Sonneratia apetala Tolerant of low salinity (up to 15 ppt)

Aegiceras corniculatum | Highly tolerant of high salinity (up to 40 ppt)

Excoecaria agallocha | Moderately tolerant of high salinity (up to 30
ppt)

Threats for mangrove ecosystem

Along Karnataka Coast it was observed that mangroves prefer silty and clayey soils or
mixtures of these soils. Monsoon brings with it large amount of clay, silt and sand from
upstream catchment areas especially due to the present rapid land use changes. There are 22
Urban agglomerations and 1044 villages along Karnataka coastline of 320 km. Increasing
sea level has resulted in decreasing beach width and inundation and erosion of river banks.
Climate change impacts, receding shoreline and rapid change in land use plan, dumping of
solid and liquid waste (Fig. 5) are some of the factors influencing the water and soil quality
and there by impacting the diversity of mangroves in the estuaries of Karnataka.

Fig. 5 Threats to the ecosystem observed in Karnataka A Cutting of mangroves B Dumping solid
waste C Sand mining

Sand mining and upstream land use changes have significantly altered the flow of sediment
into the estuaries. Hence, when the tide dominates, during reduced runoff the sand gets
deposited naturally inside the estuarine area form the seaside thereby narrowing the bar
mouth opening. During monsoon when water flows from the rivers this results in
transportation of sediment towards the sea and adjacent beaches. The mixing of waters
creates a diverse environment, supporting a wide range of marine life and hence the tidal
cycles and currents play a major role in the sustenance of mangroves and its associated fauna
and flora.
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19. Marine Birds Of India: An Overview

Aju K. Raju and Dr. Miriam Paul Sreeram
Marine Biodiversity and Environment Management Division

ICAR-Central Marine Fisheries Research Institute, Kochi

India's extensive coastline, encompassing diverse habitats like sandy beaches, mudflats, and
mangroves, supports a rich avifauna of coastal and shorebirds. These avian species exhibit
specialized adaptations for foraging and survival in dynamic intertidal zones.

Shorebirds, also known as waders, are a diverse group of long-legged avian species
inhabiting wetland and coastal environments, distinct from web-footed seabirds. Their
elongated legs are a key adaptation, enabling them to wade through mud and shallow water,
foraging for small invertebrates. These invertebrates are detected using sensitive nerve
endings concentrated at the tips of their characteristically long, narrow bills. The variation in
bill length among shorebird species facilitates resource partitioning within shared habitats,
minimizing direct competition for food. They probe beach and mudflat substrates for
invertebrates, crustaceans, and small fish. A significant proportion of shorebird species
exhibit migratory behaviour, undertaking long journeys for breeding and in response to
seasonal changes. Shorebirds of India primarily belong to the families Charadriidae and
Scolopacidae.

Coastal birds, a broader group, include species that frequent coastal habitats for feeding or
breeding. These may include seabirds, waders, and even some terrestrial birds that have
adapted to coastal environments. Herons (Ardea spp.) and egrets (Egretta spp.) stalk prey in
shallow waters and along shorelines. India's coastal avifauna also includes several resident
and migratory waterfowl species, such as ducks, geese, and flamingos, which utilize coastal
wetlands and estuaries. These birds contribute to the ecological balance of coastal ecosystems
by regulating prey populations and nutrient cycling.

List of coastal and shorebirds of India:

Nomenclature Family Conservation | Resident/ Migrant
Status

Order Accipitriformes

1 | Brahminy kite Accipitridae Least Concern | Resident
Haliastur indus (LC)

2 | White-bellied sea eagle Accipitridae LC Resident
Ichthyophaga
leucogaster
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Order Charadriiformes

3 Siberian Sand Plover Charadriidae LC Winter visitor
Anarhynchus mongolus

4 | Greater Sand Plover Charadriidae LC Winter visitor
Charadrius leschenaultii

5 | Little Ringed Plover Charadriidae LC Resident/Locally
Charadrius dubius Migrant

6 Kentish Plover Charadriidae LC Winter visitor
Charadrius alexandrinus

7 | Pacific Golden Plover Charadriidae LC Winter visitor
Pluvialis fulva

8 | Common Ringed Plover | Charadriidae LC Winter visitor
Charadrius hiaticula

9 Grey Plover Pluvialis Charadriidae LC Winter visitor
squatarola

10 | Red-wattled Lapwing Charadriidae LC Resident
Vanellus indicus

11 | Yellow-wattled Lapwing | Charadriidae LC Resident
Vanellus malabaricus

12 | Common Snipe Scolopacidae LC Winter visitor
Gallinago gallinago

13 | Black-tailed Godwit Scolopacidae Near Winter visitor
Limosa limosa Threatened

(NT)

14 | Bar-tailed Godwit Scolopacidae NT Winter visitor
Limosa lapponica

15 | Whimbrel Scolopacidae LC Winter visitor
Numenius phaeopus

16 [ Eurasian Curlew Scolopacidae NT Winter visitor
Numenius arquata

17 | Spotted Redshank 7ringa | Scolopacidae LC Winter visitor
erythropus

18 | Common Redshank Scolopacidae LC Winter visitor

Tringa totanus
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19 | Marsh Sandpiper Tringa | Scolopacidae LC Winter visitor
stagnatilis

20 | Common Greenshank Scolopacidae LC Winter visitor
Tringa nebularia

21 | Green Sandpiper Tringa | Scolopacidae LC Winter visitor
ochropus

22 | Wood Sandpiper Tringa | Scolopacidae LC Winter visitor
glareola

23 | Common Sandpiper Scolopacidae LC Winter visitor
Actitis hypoleucos

24 | Terek Sandpiper Xenus Scolopacidae LC Winter visitor
cinereus

25 | Ruddy Turnstone Scolopacidae NT Winter visitor
Arenaria interpres

26 | Great Knot/ Eastern Knot | Scolopacidae Endangered Winter visitor
Calidris tenuirostris (EN)

27 | Sanderling Scolopacidae LC Winter visitor
Calidris alba

28 | Little Stint Scolopacidae LC Winter visitor
Calidris minuta

29 | Temminck’s Stint Scolopacidae LC Winter visitor
Calidris temminckii

30 | Dunlin Scolopacidae LC Winter visitor
Calidris alpina

31 [ Curlew Sandpiper Scolopacidae Near Winter visitor
Calidris ferruginea Threatened

(NT)

32 | Broad-billed Sandpiper Scolopacidae LC Winter visitor
Limicola falcinellus

33 | Ruff Scolopacidae NT Winter visitor
Philomachus pugnax

34 | Buff-breasted Sandpiper | Scolopacidae Vulnerable Winter visitor
Calidris subruficollis (VU)

35 | Asian Dowitcher Scolopacidae NT Winter visitor

Limnodromus
semipalmatus
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36 | Red Knot Scolopacidae NT Winter visitor
Calidris canutus

37 | Greater painted-snipe Rostratulidae LC Resident/Local
Rostratula benghalensis Migrant

38 | Eurasian Oystercatcher Haematopodidae NT Vagrant
Haematopus ostralegus

39 [ Great Thick-knee Esacus | Burhinidae NT Resident/Local
recurvirostris Migrant

40 | Crab Plover Dromadidae LC Vagrant
Dromas ardeola

41 | Swallow Plover/Small Glareolide LC Resident/Local
Pratincole Migrant
Glareola lactea

42 | Oriental Pratincole Glareolide LC Local
Glareola maldivarum Migrant/Resident

43 | Black-winged Stilt Recurvirostridae LC Local Migrant
Himantopus himantopus

44 | Pied Avocet Recurvirostridae LC Vagrant
Recurvirostra avosetta

Order Passeriformes

45 | Barn swallow Hirundinidae LC Winter visitor
Hirundo rustica

Order Suliformes

46 | Little cormorant Phalacrocoracidae | LC Resident
Microcarbo niger

47 | Indian cormorant Phalacrocoracidae | LC Resident
Phalacrocorax fuscicollis

48 | Great cormorant Phalacrocoracidae | LC Resident
Phalacrocorax carbo

Order Pelecaniformes

49 | Indian pond heron Ardeidae LC Resident
Ardeola grayii

50 | Intermediate egret Ardeidae LC Resident
Mesophoyx intermedia

51 | Little egret Ardeidae LC Resident
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Egretta garzetta

52 | Eastern cattle egret Ardeidae LC Resident
Egretta coromanda

53 | Western reef heron Ardeidae LC Resident
Egretta gularis

54 | Great egret Ardeidae LC Resident
Ardea alba

Pelagic birds: India's diverse coastline and varied marine habitats support a rich seabird
diversity, attracting species from both Northern and Southern hemispheres. Four factors
attract seabirds to Indian waters: migration from breeding grounds to warmer climates,
post-breeding dispersal from nearby areas, wind-driven movements to productive western
Indian waters (especially during the monsoon), and the arrival of vagrant/nomadic species
due to individual behaviours. These factors combine seasonal migration, regional dispersal,
opportunistic foraging, and individual movements. Observations across Kerala and
Lakshadweep reveal that seabird distribution correlates with high pelagic productivity,
particularly during the monsoon when upwelling creates abundant foraging opportunities.
These birds primarily target small fish and shrimp in inshore waters, with minimal interaction
with local fisheries, benefiting further from the annual trawl ban. India's waters host
migratory seabirds year-round. Southern hemisphere species like Wilson's storm petrels and
Flesh-footed shearwaters arrive April-May, while Arctic breeders (jaegers) appear during
northern hemisphere autumn migration. Increased sightings suggest India's coastal waters are
crucial for these migrants. Vagrant species (Tropical, Sooty, Cory's shearwaters, Black-bellied
storm petrel, Light-mantled albatross) appear erratically, often wind-driven, particularly
during monsoons. Similarly, frigatebirds and Masked boobies are occasionally wind-blown to
Indian coasts. Jaegers migrating eastward past Sri Lanka likely originate from western Indian
waters, though their return route remains unclear. Monsoon winds create upwelling off
western India, attracting numerous tern species (Saunders, Lesser/Great crested, Bridled,
Sooty, Common, Lesser/Brown noddy, Little, Caspian). These terns, many breeding in nearby
islands (Lakshadweep, Maldives, Chagos, Sri Lanka), are likely wind-driven to Indian shores.
Sooty and Brown noddy terns breed in Lakshadweep, with Sooty terns possibly breeding
earlier in the monsoon or migrating elsewhere post-breeding. Lesser noddies, breeding in
Chagos/Seychelles, appear along India's west coast during the monsoon, likely a
post-breeding dispersal. Saunders terns, breeding in the western Indian Ocean, frequent
Indian inshore waters during the monsoon, possibly originating from Chagos/Seychelles.
Citizen science initiatives, including organized "Sea watching" events, have significantly
enhanced seabird monitoring efforts, leading to increased records and the discovery of rare
species like the Arctic tern, Christmas Island frigatebird, and Red-footed booby.

285




ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Pelagic birds of India:
SI. | Scientific Name Common name Family IUCN
No Status
Order Laridae
1 | Larus hemprichii Bruch, 1853 Sooty Gull Laridae LC
2 | Larus canus Linnaeus, 1758 Mew Gull Laridae LC
3 |Larus fuscus heuglini Bree, 1876  |Heuglin's Gull Laridae LC
4 | Larus cachinnans Pallas, 1811 Caspian Gull Laridae LC
5 |Larus fuscus Linnaeus, 1758 Lesser Laridae
Black-backed Gull LC
6 |Larus ichthyaetus Pallas, 1773 Great Black-headed | Laridae LC
Gull
7 | Larus brunnicephalus Jerdon, Brown-headed Gull | Laridae LC
1840
8 | Larus ridibundus Linnaeus, 1766 |Black-headed Gull Laridae LC
9 |Larus genei Bréme, 1839 Slender-billed Gull Laridae LC
10 | Larus relictus Lonnberg, 1931 Relict Gull Laridae vu
11 | Hydrocoloeus minutus (Pallas, Little Gull Laridae LC
1776)
12 | Gelochelidon nilotica (Gmelin, Gull-billed Tern Laridae LC
1789)
13 | Hydroprogne caspia (Pallas, 1770) |Caspian Tern Laridae LC
14 | Thalasseus bengalensis Lesser Crested Tern | Laridae LC
Sterna bengalensis Lesson, 1831
(Accepted name)
15 |Sterna bergii Lichtenstein, 1823 Greater Crested Tern | Laridae LC
16 |Sterna dougallii Montagu, 1813 Roseate Tern Laridae LC
17 |Sterna hirundo Linnaeus, 1758 Common Tern Laridae LC
18 |Sternula albifrons (Pallas, 1764) Little Tern Laridae LC
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19 |Sternula saundersi (Hume, 1877) |Saunders's Tern Laridae LC
20 |Thalasseus sandvicensis Sandwich Tern Laridae LC
Sterna sandvicensis Latham, 1787
(Accepted name)
21 |Sterna repressa Hartert, 1916 White-cheeked Tern | Laridae LC
22 | Chlidonias hybrida (Pallas, 1811) | Whiskered Tern Laridae LC
23 | Chlidonias leucopterus White-winged Tern | Laridae LC
(Temminck, 1815)
24 | Rynchops albicollis Swainson, Indian Skimmer Rynchopidae | VU
1838
25 | Ichthyaetus ichthyaetus Pallas Gull Laridae LC
26 | Lanus canus Common Gull Laridae LC
27 | Larus argentatus Herring Gull Laridae LC
28 | Ichthyaetus leucophthalmus White-eyed Gull Laridae LC
29 | Xema sabini Sabine’s Gull Laridae LC
30 | Leucophaeus pipixcan Franklin’s Gull Laridae LC
31 | Onychoprion anaethetus Bridled Tern Laridae LC
32 | Anous stolidus Brown Noddy Laridae LC
33 | Anous minutus Black Noddy Laridae LC
34 | Anous tenuirostris Lesser Noddy Laridae LC
Order Procellariiformes
35 | Ardenna grisea Sooty Shearwater Procellariidae | NT
36 | Puffinus carneipes Flesh-footed Procellariidae | NT
Shearwater
37 | Puffinus persicus Persian Shearwater Procellariidae | LC
38 | Ardenna pacifica Wedge-tailed Procellariidae | LC

Shearwater
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39 | Calonectris leucomelas Streaked Shearwater | Procellariidaec | NT

40 | Puffinus tenuirostris Short-tailed Procellariidae | LC
Shearwater

41 | Puffinus bailloni Tropical Shearwater | Procellariidae | LC

42 | Calonectris borealis Cory’s Shearwater Procellariidae | LC

43 | Bulweria fallax Jouanin's Petrel Procellariidae | NT

44 | Pterodroma baraui Barau's Petrel Procellariidae | EN

45 | Daption capense Cape Petrel Procellariidae | LC

46 | Oceanodroma monorhis Swinhoe's Hydrobatidae | NT
Storm-Petrel

47 | Phoebetria palpebrata Light-mantled Diomedeidae | NT
Albatross

48 | Pelagodroma marina White-faced Oceanitidae LC
Storm-Petrel

49 | Fregetta tropica Black-bellied Oceanitidae LC
Storm-Petrel

50 | Oceanites oceanicus Wilson's Oceanitidae LC
Storm-Petrel

Order Phaethontiformes

51 | Phaethon aethereus Red-billed Phaethontidae | LC
Tropicbird

52 | Phaethon rubricauda Red-tailed Phaethontidae | LC
Tropicbird

53 | Phaethon lepturus White-tailed Phaethontidae | LC
Tropicbird

Order Suliformes

54 | Sula dactylatra Masked Booby Sulidae LC

55 | Sula sula Red-footed Booby Sulidae LC

56 | Sula leucogaster Brown Booby Sulidae LC
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57 | Fregata andrewsi Christmas Fregatidae VU
Frigatebird

58 | Fregata minor Great Frigatebird Fregatidae LC

59 | Fregata ariel Lesser Frigatebird Fregatidae LC

Threats and conservation:

Conservation efforts are crucial for safeguarding India's coastal and shorebirds, which face
increasing pressure from habitat loss, pollution, and climate change. Understanding their
ecological roles and migratory patterns is essential for developing effective conservation
management strategies. Already a very marked decline in global populations of shorebirds is
evident. The International Union for Conservation of Nature (IUCN) has reclassified several
shorebird species to higher threat categories, indicating an increased risk of extinction.
Migratory shorebirds are particularly vulnerable due to their reliance on specific habitats
along their migration routes. Loss or degradation of these stopover sites can have severe
consequences for entire populations.

Marine birds face a multitude of threats that jeopardize their populations and the health of
marine ecosystems. These threats can be broadly categorized into those stemming from
human activities and those exacerbated by climate change.

Human-Induced Threats:

e Bycatch: One of the most significant threats is bycatch, where seabirds are
unintentionally caught in fishing nets and lines. This results in injury or death,
particularly affecting species that forage near fishing vessels. In Lakshadweep, a
mutually beneficial relationship exists between seabirds and tuna fishers. Fishers
utilize seabird feeding activity as a reliable cue to locate tuna shoals, increasing
efficiency and saving time in their pole-and-line fishery. While seabirds and fishers
often target the same prey (small pelagic fish, plankton feeders), direct competition
and bycatch are potential negative interactions. Globally, gillnets and longlines are
major bycatch sources, but this is undocumented in India's tuna fishery. Further
research using advanced technologies is needed to accurately assess seabird bycatch
in Indian waters.

e Habitat Loss and Degradation: Coastal development, pollution, and resource
extraction lead to the destruction and degradation of crucial breeding and foraging
habitats for marine birds.

e Pollution: Marine birds are vulnerable to various forms of pollution. Oil spills can
coat their feathers, impairing their ability to fly and regulate body temperature. Plastic
pollution is a growing concern, as birds may ingest plastic debris, mistaking it for
food, leading to internal injuries and starvation. Chemical pollutants can accumulate
in their bodies, affecting their reproductive success and overall health.
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e Invasive Species: Introduced predators, such as rats and cats, can decimate seabird
colonies by preying on eggs and chicks. Invasive plants can also alter nesting habitats,
making them unsuitable for breeding.

e Disturbance: Human activities, such as tourism and recreation, can disturb breeding
colonies, causing birds to abandon their nests and leaving eggs and chicks vulnerable
to predators or the elements.

Climate Change-Related Threats:

e Changes in Prey Availability: Climate change is altering ocean currents and
temperatures, impacting the distribution and abundance of prey species. This can lead
to food shortages for marine birds, affecting their survival and reproductive success.

e Extreme Weather Events: More frequent and intense storms can destroy nests,
displace birds, and reduce their ability to forage effectively.

e Sea Level Rise: Rising sea levels can inundate nesting sites, particularly for species
that breed on low-lying islands or coastlines.

e Ocean Acidification: Increased carbon dioxide levels in the atmosphere are causing
the oceans to become more acidic, which can affect the availability of calcium
carbonate needed by some marine organisms, including the prey of marine birds.

Recent Threats:

e Offshore Wind Farms: The increasing development of offshore wind farms poses a
new threat to marine birds, as they may collide with turbines or be displaced from
their foraging areas.

e Plastic Accumulation: The accumulation of plastic in the oceans continues to rise,
posing an ongoing and increasing threat to marine birds. Microplastics, in particular,
are a concern, as they can be ingested by birds and their prey, potentially leading to
long-term health effects. Seabirds also ingest macroplastics while foraging leading to
widespread deaths through obstruction of digestive tracts.

e Highly Pathogenic Avian Influenza (HPAI) HS5N1 outbreak: This fast spreading
viral disease has had a devastating impact on wild animal populations including
seabirds globally. Since 2021, this strain of bird flu has led to mass mortality events in
numerous seabird colonies, affecting a wide range of species. Seabirds, particularly
those nesting in dense colonies, are highly susceptible to the rapid spread of the virus.
The close proximity of individuals facilitates transmission, leading to significant
population declines. Species like gannets, skuas, and terns have experienced
substantial losses, with some colonies facing near-total collapse. The added pressure
of widespread mortality events in addition to other threats could lead to long-term
population declines and even local extinctions.

The impact of above threats extends beyond seabirds themselves. Changes in seabird
populations can disrupt marine ecosystems, affecting food webs and nutrient cycling. The
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loss of these birds can also have economic consequences for communities that rely on
seabird-related tourism or fishing industries. Addressing this crisis requires a multi-pronged
approach, including increased surveillance and conservation efforts to protect remaining
populations with steps such as implementing sustainable fishing practices to reduce bycatch,
protecting and restoring critical marine habitats, reducing pollution and promoting
responsible waste management, controlling invasive species, mitigating the impacts of
climate change, developing strategies to minimize the impacts of offshore wind farms and
other emerging threats.

Conservation efforts must also consider the interconnectedness of marine ecosystems and the
need for international cooperation to protect migratory species that cross national boundaries
and for protecting flyways. By understanding and addressing these threats through dedicated
research and advocacy, we can help ensure the long-term survival of marine birds and the
health of the oceans they inhabit.
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20. GIS Mapping

Dr. Shelton Padua

Marine Biodiversity and Environment Management Division
ICAR-Central Marine Fisheries Research Institute, Kochi

GIS is a tool for making maps. GIS helps us in using spatial information and it is mainly
concerned with the location of the features as well as properties/attributes of those features.
It helps us gather, analyse and visualize spatial data for different purposes. A GIS quantifies
the locations of features by recording their coordinates which are the numbers that describe
the position of these features on Earth. The uniqueness of GIS is its ability to do spatial
analysis. GIS helps us analyse spatial relationships and interactions. Sometimes, GIS proves
to be the only way to solve spatially-related problems and it is one of the most important
tools that aid in the decision making process. GIS basically helps to answer three questions;
How much of what is where? What is the shape and extent of it? Has it changed over time?

Globally, on an average, GIS tools save billions of dollars annually in the delivery of goods
and services through proper route planning. GIS regularly helps in the day-to-day
management of many natural and man-made resources, including sewer, water, power, and
transportation networks. GIS helps us identify and address environmental problems by
providing crucial information on where problems occur and who are affected by them. It also
helps us identify the source, location and extent of adverse environmental impacts. GIS
enables us to devise practical plans for monitoring, managing, and mitigating environmental
damage. Human impacts on the environment, conflicts in resource use, concerns about
pollution, and precautions to protect public health have spurred a strong societal push for the
adoption of GIS.

GIS is composed of hardware, software, data, humans and a set of organizational protocols.
The selection and purchase of hardware and software is often the easiest and quickest step in
the development of a GIS. Data collection and organization, personnel development and the
establishment of protocols for GIS use are often more difficult and time consuming
endeavours. A fast computer, large data storage capacities and a high quality, large display
form the hardware foundation of most GIS. GIS software provides the tools to manage,
analyse, and effectively display and disseminate spatial information. GIS as a technology is
based on geographic information science and is supported by disciplines like geography,
surveying, engineering, space science, computer science, cartography, statistics etc.

In GIS, we handle the spatial and attribute data sets. Spatial data describes the absolute and
relative location of geographic features while attribute data describes characteristics of the
spatial features. These characteristics can be quantitative and/or qualitative in nature.
Attribute data is also referred to as tabular data. Vector and raster are two different ways of
representing spatial data. Raster data is made up of pixels (or cells), and each pixel has an
associated value. A digital photograph is a simple example of a raster dataset where each
pixel value corresponds to a particular colour. In GIS, the pixel values may represent
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elevation above/below sea level, or chemical concentrations, or rainfall etc. The key point is
that all of this data is represented as a grid of (usually square) cells. Vector data consists of
points, lines, and polygons. The individual points are stored as pairs of (X, y) co-ordinates.
The points may be joined in a particular order to create lines, or joined into closed rings to
create polygons, but all vector data fundamentally consists of lists of co-ordinates that define
vertices, together with rules to determine whether and how those vertices are joined.

As with many other systems, GIS basically works on the principle of ‘GIGO’ that is garbage
in garbage out. Hence the quality of data that you feed into GIS is very important and it
determines the quality of the end products. But, when used wisely, GIS can help us live
healthier, wealthier, and safer lives.

Generating continuous surface data from point observations using Spatial Interpolation

There are over 40 spatial interpolation techniques available and the factors like sample size,
sampling design and data properties affect the output of these methods. It has been reported
that when the variation within the data increases, the accuracy of all the interpolation
methods decreases. But in such cases, stratification and non-uniform sampling design is
found to improve the accuracy of the results in case of environmental variables. (Li and
Heap, 2008).

Here we will see two of the most common methods of interpolation namely IDWA and
Spline.

IDWA

IDWA (Inverse Distance Weighted Average) is one of the simplest interpolation methods. In
this method, the value for the un-sampled location is obtained by weighted averaging of the
values of sampled locations in its neighborhood. The weights for the nearby sampled points
that contribute to the prediction are determined by its distance from the un-sampled point.
Weights determine how much influence a sampled point has on the un-sampled point. The
basic assumption is that the sampled locations that are closer to the un-sampled location
provide more representation of the value at the un-sampled location than the farther sampled
locations. To put it in a simple way, there are two sampled points (A & B) and an un-sampled
point X. A is 5 m away from X and B is 10 m away from X. In this case, the value of X will
be more similar to the value of A. The weights depend on linear distances between the
sampled and un-sampled locations and the spatial distribution of the observation points does
not have any role in determining the weights. The weights assigned to each known points in
the averaging process are proportional to the inverse of the distance between the sampled and
the unknown (predicted) point (Hartkamp et al., 1999). That’s why the method is called
inverse distance weighted average.

The equation for IDWA is as follows:

y(x) = Al y(xi)
Where:

y(x) = the predicted value of the variable at un-sampled location.
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Ai = the weights for the individual locations.

y(xi) = the values of variable evaluated in the sampled locations.
The weight Ai is given by the equation:

Ai= 1/dipi=1n1/dip

Where d is the distance between the un-sampled and sampled location, p is the power
parameter, and » is the number of sampled points used for the estimation (neighborhood
points). The main factor affecting the accuracy of IDWA is the value of the power parameter
(Isaaks and Srivastava, 1989).

The power parameter p controls the influence of sampled locations on the un-sampled
locations based on their distance. This parameter is a positive real number. A higher power
will give more emphasis on the nearest sampled locations and hence, at higher powers, the
interpolated value assumes the value of the closest sampled point and will give less smooth
surface. We can say that IDWA behaves like nearest neighbor interpolation at higher powers.
A lower value for power will give more influence to neighborhood points that are farther
away, resulting in a smoother surface (Fig.2). In general, a power value of 2-5 is found to
work satisfactorily. Increasing the number of sample points included in the interpolation by
increasing the search radius will also result in a smooth surface. The neighborhood points
(sampled points) for a particular un-sampled location is determined by the radial distance
from the un-sampled location and is called search radius. Search radius size is provided as an
input during the operation.

The most common problem with IDWA is that it may produce bull’s eyes on sampled
positions which can be seen in the Fig. 2. Otherwise, it’s an easy method and helps to
understand the influence of distance on the interpolated parameter. The IDWA works well
when the sample points are regularly spaced (Isaaks and Srivastava, 1989). In IDWA, the
interpolated values are never outside the range of sampled values.
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Fig. 2 Comaprimon of IDWA, interpalaton wiih difecent power paramesters e, 2 and 10

Spline

It is a deterministic interpolation method. The spline interpolation tries to create a flexible
surface passing through all sampled locations like a rubber sheet touching all the sampled
locations and the value for un-sampled locations are extracted from this surface. Spline uses
slope calculations (rate of change of value of the particular variable with the distance) to
estimate the shape of the flexible rubber sheet. Because of this stretching, spline interpolator
makes estimates that are outside the range of sampled values.

The splines consist of polynomial functions fitted through the sampled points and the
polynomials are of degree p. Polynomials are fitted to a small number of data points exactly
and describe the pieces of surfaces. The pieces of surfaces thus generated are smoothly joined
together and form the entire surface. The places where the pieces join are called knots. If the
degree of the polynomials is 1, it is called linear spline, if the degree is 2, then it is called
quadratic spline and if the degree is 3, then it is called cubic spline (Burrough and
McDonnell, 1998; Webster and Oliver, 2001).

Spline is known to give unsatisfactory results in cases where the samples are closer and the
range is very high. The spatial distribution of the samples also may affect its performance.
Splines perform better when the samples are regularly spaced and dense. Irregularly spaced
samples may reduce the performance of spline interpolation (Collins and Bolstad, 1996).

Thin plate splines (TPS) also known as Laplacian smoothing splines are more robust as it
uses a generalized cross validation function to determine the smoothing parameter. It has
more predictive accuracy and is less influenced by the statistical assumptions about the data
(Hutchinson, 1995).

Now we will try to use two commonly available software (Google Earth and QGIS) for
simple mapping.
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Using Google Earth for Location Mapping

If you know the latitude and longitude of the location, type those coordinates in the search
window and press the search button, a push button will be generated and it will be placed in

the exact coordinates with the latitude and longitude visible.
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If you do not know the coordinates, but know the spot on the imagery, you can use the push
button icon to add a place mark over the location. Using the properties menu of the place
mark, one can do the required modifications like changing the place mark title, icon style etc.

R p = aC OB Gs
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Right-clicking the placemark icon will open a drop-down menu showing the properties button
using which you can change the placemark icon properties and do the editing.
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Once you are finished adding the placemarks, you can make the map composition from the
print option of the File menu.
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It will open up the print composition window using which you can add the map elements like
Title, north arrow, legend and scale from the ‘Map options’ menu
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Make necessary editing in the map elements and save the map/print the map.
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Making a Simple Location Map Using QGIS

Here we learn to make a simple location map.
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Open the QGIS software and give a name to the project. (Open QGIS>Project
Menu>Save>give file name (Practicals.qgz)

[ AN T =

Now, load the shape file (District.shp). Layer Menu > Add Layer> Add Vector Layer> select
the file name (District.shp)>Add.
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Now the Districts will appear in the map window and we can modify the appearance of the
districts using the Layer panel.
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Likewise, add the file District HQ.shp (Layer Menu > Add Layer> Add Vector Layer> select
the file name (District HQ.shp)>Add).
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Now, we will change the appearance of the above vector files. Right-click the District.shp file
in the layers menu to open its properties.
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Then the Layer Properties window will appear. Then select the Symbology menu and change
the colour of the polygon by clicking the colour bar in the window.
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Likewise, change the colour of the District HQ.shp file.

Now, we will add names to the points (District HQ.shp). Right-click the District.shp file in

the layers menu to open its properties. Layer Properties window will appear. Then select the
Labels menu and change the selection from No Labels to Single Labels.
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And click Apply Button. Now the District HQ names will appear on the Map Window.
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Now we will make a map layout from this data.

Go to the Layout Manager in the Project Menu (Project Menu>Layout Manager) and create

an Empty Layout by clicking the create button in the Layer Manager, give a name for the
Layout (MyMap) and press OK.
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Now the MyMap layout will open up and one can make the necessary manipulations in it to
make the map.
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At first, we have to add the map to the MyMap layout by clicking the Add Map icon in the
left panel of the map layout window and by clicking and dragging in the canvas.

LhHvea oo
S ELL R R L s L AL LR L LY
e lm—
neEEE—

B b

L Lo T

'.ﬁ s b

You can give a frame to the map by ticking the Frame option in the /tem Properties Menu in
the panel on the right side.
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Now, we can add the lat-long grids to the map by adding a new grid to the map layout and
changing its properties to suit the requirements. We can also add other map elements like
North Arrow, Title, Legend, Scale Bar etc., using the icons in the left side of the Map Layout
Window. Once the map is ready, it can be exported as an image using the Export As Image
icon at the top of the Map Layout Window.
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21. Truss Networking: A Powerful Tool for Stock Structure Analysis
Dr. Rekha Devi Chakraborty
Shellfish Fisheries Division

ICAR-Central Marine Fisheries Research Institute, Kochi
A fish stock refers to a population or subpopulation of a species that is at least partially
genetically or reproductively isolated. Stock identification is crucial for fisheries
management, as different stocks may have distinct growth, mortality, and reproductive rates,
influencing conservation and resource assessment (Reiss et al., 2009).

Various methods, including meristic, morphometric, otolith analysis, and molecular markers,
are used for stock identification. Among these, morphometric analysis—particularly the truss
network system—has gained prominence due to its accuracy and cost-effectiveness (Strauss
& Bookstein, 1982). Traditional morphometric approaches rely on direct distance
measurements, whereas truss networks use interconnected landmark points to create a
geometric framework that captures shape differences more effectively (Cavalcanti et al.,
1999).

The truss network system has proven valuable for distinguishing phenotypic stocks by
quantifying shape variations within and between populations (Bookstein, 1991). It has been
successfully applied to various fish and crustacean species, offering insights into stock
structure and aiding sustainable fisheries management (Pazhayamadom et al., 2015).

Methods for Truss Network System
Sample Preparation and Imaging

Shrimp samples were first cleaned under running water, dried with tissue paper, and placed
on graph paper. Each specimen was positioned on a flat platform with its rostrum facing left
and telson on the right to ensure symmetry. Appendages were carefully arranged, and each
specimen was assigned a unique ID for identification and reference.

High-resolution digital images were captured using a Canon G-15 camera mounted on a
tripod. The camera was aligned so that the graph paper’s margins matched the viewfinder’s
X-Y axes, and a scale was included in each image for standardization. The images were then
processed in tpsDig2 v2.1 to mark anatomical landmarks and extract truss variables, ensuring
accuracy and repeatability (Rohlf, 2006).

Data Extraction and Statistical Analysis

Truss measurements were obtained using tpsDig2 v2.1 for landmark digitization and
Paleontological Statistics (PAST) for distance calculations (Hammer et al., 2001). Since
shape differences may arise due to sex (Sajina et al., 2011; Reiss & Grothues, 2015;
Pazhayamadom et al., 2015), both male and female specimens were included in the analysis.
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To ensure data reliability, normality and variance homogeneity were tested using SAS PROC
UNIVARIATE (SAS, 2014). Outliers (7-10%) were removed before further analysis.
Log-transformed data were used in a Multivariate Analysis of Covariance (MANCOVA),
incorporating carapace length (CL) as a covariate for size correction. Size-independent shape
variables were calculated using the allometric equation (Reist, 1985):

M... =logM — B (log CL — log CL mean) ........ Equation 1,

Where M,, is the truss measurement after transformation, M is the original truss
measurement, CL is the carapace length of the shrimp which is reported to be more reliable
than using total length (TL) in the case of crustaceans (FAO 1974), CL mean is the overall

mean carapace length, and B is the slope regressions of the log M against log CL.

Correlation coefficients between variables were examined before and after size correction to
ensure reduced dependency (Murta, 2000). Descriptive statistics, including mean (X),
standard deviation (SD), standard error (SE), maximum, minimum, and coefficient of
variation (CV%), were calculated for each population.

Multivariate Analysis

The study employed Principal Component Analysis (PCA), Discriminant Function Analysis
(DFA), and Hierarchical Cluster Analysis (HCA) for stock differentiation:

PCA identified morphometric variables contributing significantly to variation.

DFA tested the efficiency of variables in distinguishing different population groups (Tomovi¢
& Dzuki¢, 2003; Loy et al., 2008).

Stepwise inclusion procedures reduced redundant variables, ensuring optimal separation of
stocks (Hair et al., 1996; Jain et al., 2000; Poulet et al., 2005).

HCA, based on Mahalanobis distance matrices from DFA, evaluated population relationships
(Slabova & Frynta, 2007, Ferrito et al., 2007).

All statistical analyses were performed using SAS (2014).

Truss Network Construction

The truss network method (Strauss & Bookstein, 1982) involves overlaying a geometric
framework on the specimen for shape analysis. Fish specimens were placed on
water-resistant paper, and anatomical landmarks were marked using a needle. Digital images
were then taken for precise landmark identification.

Morphometric landmarks were selected based on homology, ensuring consistency across
specimens. The truss distances were extracted using a combination of tps Util, tps Dig2 v2.1,
and PAST for accurate shape analysis. The truss network system enhances stock
differentiation, providing a reliable and efficient approach for fisheries research.
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Case Study —I: Heterocarpus chani: A caridean deepsea shrimp

The samples of H. chani were collected from deepsea trawl shrimp catches obtained from
five major fishing harbours along the southern coast of India. The sampling sites are
Kalamuku (KAL), Sakthikulangara (SAK), Colachel (COL) on the southwest coast and
Tuticorin (TUT), and Nagapattinam (NAG) on the southeast coast. Information on study
sites, geographical coordinates, shrimp sex and the sample size from each location. A total of
1879 specimens of H. chani including 984 males and 895 female individuals were used in
this study.
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The results of HCA showed three clear clusters from five populations of both sexes as shown
below figure. The group-I included populations from NAG, group-II consisted of the TUT
and group-III with SAK, KAL, and COL populations. Theinterpretation of resultsindicated
that the samples obtained from the locations NAG and TUT represented a phenotypically
distinct population while the morphometric resemblance between SAK, KAL, and COL
stocks were observed to be high.

312



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

a } (TR T N

b)

as 24 %] A ai B ns o [ na e 14 I i
Clasier Ceniralda

A Case Study: Deep-sea Shrimp: Aristeus alcocki- Penaeid shrimp

A. alcocki Ramadan, 1938 (Decapoda, Aristeidae), commonly known as Red Ring or Arabian
red shrimp is distributed along the southern Indian coast at a depth range of 200-1000 m
(Silas 1969; Suseelan 1989; Madhusoodana 2008; CMFRI 2015). It forms a commercial
fishery confining only along the southeast and southwest coast, and it’s not recorded along
the northern coast of India (Mohamed and Suseelan 1973). The catch landed between 2008
and 2015 indicate that the A. alcocki is the prime species in order of biomass among the deep
sea penaeid catch accounting to about 36% from the whole Indian coast and the trend in catch
rates indicates a decline of these deep-sea shrimps (CMFRI 2008-2015). In this study we aim
to investigate the effectiveness of the truss variables in differentiating the populations of
A.alcocki along the Indian coast using truss morphometry, to provide management advisory
for fisheries sustainability.

Sampling

Samples of 4. alcocki were collected from five different fishing harbors i.e., Tuticorin (SEN),
Chennai (SEC), Nagapattianam (SEN) on the southeast, and Sakthikulangara (SWS),
Kalamuku (SWK) on the southwest Indian coast (shown in figure below). The sampling sites
were chosen such that they are distantly apart in latitudinal aspect to reduce the chances of
mixing specimens from the same population. In total, 1842 specimens were collected from
the selected sampling sites 1.e., from commercial fishing harbors where the catch is landed by
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multiday trawlers along the southern coast during December 2014 and January 2015. The
samples were collected during peak breeding season (November to January) to ensure that
they represent to their parent population. The matured specimens (carapace length:
female>3.5 cm; male: >2.0 cm) were sorted from the samples collected from each fishing
location and used for truss morphometric analysis. The species exhibit a high degree of
sexual dimorphism where males were identified by the presence of petasma and females were
sorted based on the presence of thelycum. Specimens showing physical damage viz., broken
rostrum or any other body parts may distort the shape characteristics and hence they were not
included in the samples for the study.
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Digitization of specimens and fixing anatomical landmarks

Shrimp samples were first cleaned with running water, allowed the water to drain, wiped with
tissue paper and finally placed on a graph paper (shown in figure below). Each specimen was
placed on a flat platform with a graph paper over a thermofoam, appendages (pereiopods and
pleopods) and telson were erected by positioning the rostrum portion towards the left side,
telson on the right by assuming symmetry between left and right side of the shrimps and was
labeled with a specific ID code. This helps us in identifying specimens if more landmarks are
required to be fixed or if the morphometric measurements are to be repeated. Digital images
of the specimens were captured using a camera (Canon G-15) which was fixed on a tripod
stand directly above the specimen and the lens was adjusted so the margins of viewfinder
align with margins of the graph paper in X-Y directions and each image included a scale to
standardize the individual sizes and further scaling was applied in tpsdig utilizing the
millimeter grid in graph paper. These images were used further in fixing the anatomical
landmarks and measuring linear distances between them i.e., truss variables. In many
previous studies, it has been found that differences in sex are likely to contribute to shape
differences affecting total variance in morphometric distances (Reiss and Grothues 2015;
Sajina et al. 2011; Pazhayamadom et al. 2015). In the present analysis, both males and
females were included to accommodate the effect of sex on their morphometry. The
extraction of numeric truss distances from the digital images of specimens were carried out
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by using two software platforms, 1) tps Dig2 V2.1 for marking the landmark coordinates on
the digital images (Rohlf 2006) and 2) paleontological statistics (PAST) for extracting the
values pertaining to the marked distances (Hammer et al. 2001). The data extracted by this
method ensures stability, accuracy, and repeatability.
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Genetic Characterisation of the species

Genetic variation is considered to be an important feature of the population to reveal not only
the short term fitness of individuals but also the long term survival of the population, through
allowing adaptation to the changing environmental conditions. Information deduced from
molecular markers can provide insight into genetic structure and geographical boundaries
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(i.e. breeding stock) and vulnerability (i.e. genetic diversity) of the species
(Buchholz-Serensen & Vella, 2016).

Molecular markers have been proved to be an effective indicator of genetic variation within
and between fishery populations of shrimp species; Aristeus antennatus (Maggio et al., 2009;
Cannas et al., 2012; Fernandez et al., 2011b; Brutto et al., 2012), Aristaeomorpha foliacea
(Fernandez et al., 2011a), Penaeus monodon (Mandal et al., 2012; Sekar et al., 2014) and
Fenneropenaeus indicus (Sajeela et al., 2015). Microsatellite markers are characterized as
co-dominant and highly polymorphic in nature and addition to their abundance, even
genomic distribution, small locus size, have quickly become useful molecular markers with
great discriminatory power for the evaluation of genetic diversity in various species (Powell
et al.,, 1996). Analyses of microsatellite nuclear markers were used to describe the
differences and distribution patterns of natural populations of this species.

DNA extraction, amplification and genotyping of microsatellite loci

The total genomic DNA was extracted from the pleopod of the each individuals using
DNeasy® Blood & Tissue Kit (Qiagen Inc.) according to the manufacturer’s protocol. The
cells were lysed by incubating at 56:C for 2 hrs and all other steps were followed as per the
protocol. The primers for nine nuclear microsatellite loci were taken from Cannas et al.,
(2008), were originally designed for the Aristeus antennatus. The microsatellite loci were
optimised for genotyping by following the general protocols of Palumbi (1996), and Cannas
et al., (2008). The amplification of microsatellite markers were performed in 25 pl reaction
cocktails containing genomic DNA (0.5 pg ul'), 7ag DNA polymerase (0.05 U plv), 1X
buffer, MgCl12 (1.5 mM), 10 pM pl-of each primer and dNTPs (200 uM). The PCR thermal
profile used was 94C for 5 min for initial denaturation, followed by 35 cycles of 94:C for 1
min, annealing at 52—54C for 1 min, extension at 72:C for 1.5 min, and a final extension at
72:C for 5 min (Table 1). Amplification of PCR products were confirmed by electrophoresis
on a 1.5% agarose gel containing ethidium bromide and visualized under UV transilluminator
(Lark, India). Analysis of fragment size was carried out by ABI prism genetic analyser
(Applied Biosystems, USA) at AgriGenome Labs, Scigenom, Cochin, India.

Molecular Results

The pairwise F,, Nei, and AMOVA values calculated from microsatellites indicated the
absence of significant variation among the samples of A. Alcocki collected from the South
west (Arabian Sea) and South east (Bay of Bengal) coast of India. Moreover the results of
AMOVA also indicated the proportion of genetic variation was mainly associated to
differences among the individuals (99.2%) with F,.=0.0078 which is further confirmed by the
cluster analysis performed using STRUCTURE (shown in figure below) directed towards the
presence of homogeneous groups due to the absence of specific allelic variation in the
sampled localities. The present study was in agreement with the results reported in 4.
Antennatus (among individual difference 99.3%; Fst=0.0067) using same markers in the
Mediterranean Sea (Cannas et al., 2012) where no genetic differentiation was noticed
between the localities.
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Conclusion

The truss morphometric characters in 4. alcocki and H.chani can be efficiently used in the
discrimination of populations as studied in other species of freshwater and marine
environments. The major discriminating variable to differentiate the populations into two
groups was attributed to the abdominal measurements, suggesting a need to adopt separate
management strategies for the resource sustainability and policy regulations. Further, studies
based on the genetic markers in 4. alcocki indicated the presence of single population.
However, in H.chani molecular studies can be used to validate the findings of this study.
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22. Charting A Course: Legal Framework For India's Marine
Environment

Dr. Miriam Paul Sreeram

Marine Biodiversity and Environment Management Division
ICAR-Central Marine Fisheries Research Institute, Kochi

India, with its vast coastline, diverse marine ecosystems, and a large population dependent on
the ocean for sustenance and livelihood, faces increasing pressures on its marine
environment. Overfishing, pollution from land-based activities and maritime traffic, habitat
destruction, and the impacts of climate change all pose significant threats to marine
biodiversity and the delicate balance of these crucial ecosystems. Therefore, a robust and
comprehensive legal framework, encompassing well-defined laws and enforceable rules, is
essential to safeguard India's marine environment and its rich array of organisms. These
regulations are necessary not only to protect vulnerable species and habitats but also to ensure
the sustainable use of marine resources for the benefit of present and future generations,
balancing economic needs with ecological integrity. Without effective legal protection, India's
marine heritage and the livelihoods dependent upon it are at risk of irreversible damage.

A number of domestic legislations safeguard the marine environment and organisms in India.
The major laws for the same include the following:

Marine Fisheries Regulation Acts

Marine Fisheries Regulation Acts in India form a complex web of legislation aimed at
managing and conserving the country's vast marine fisheries resources. These acts, both at the
national and state levels, address various aspects of fisheries management, from regulating
fishing gear and vessel operations to promoting sustainable fishing practices and protecting
the livelihoods of fishing communities. Understanding this regulatory framework is crucial
for ensuring the long-term health of India's marine ecosystems and the economic well-being
of those dependent on them. India's approach to fisheries regulation has evolved significantly
over time. Initially, management was largely decentralized, with state governments holding
primary responsibility. However, as fishing pressure increased and fish stocks began to
decline, the need for a more coordinated and comprehensive approach became apparent. This
led to the development of national-level legislation and a greater emphasis on scientific
management principles.

Faced with growing conflicts among traditional, mechanized, and deep-sea fishing sectors,
the Central Government developed a model Marine Fisheries Regulation Act (MFRA) in
1979. This served as a template for states, as fisheries regulation falls under their jurisdiction
according to the Seventh Schedule of the Indian Constitution. While states govern fishing
activities within their territorial waters (up to 12 nautical miles/22 km from the coast), the
union government manages fisheries beyond this limit, within the Exclusive Economic Zone
(EEZ) extending from 12 to 200 nautical miles (370 km) offshore. The management,
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development, and regulation of maritime resources, therefore, is a shared responsibility
between state and central governments.

The primary national legislation governing marine fisheries in India is the Marine Fishing
Policy, 2004, which provides a broad framework for sustainable fisheries development.
While not a standalone act, the policy guides the development of specific regulations and acts
at both the national and state levels. It emphasizes the need for ecosystem-based
management, participatory decision-making, and the conservation of marine biodiversity.
Other important national legislation includes the British era Fisheries Act, 1897, which
deals with general fisheries matters, and the Maritime Zones of India (Regulation of
Fishing by Foreign Fishing Vessels) Act, 1981, which regulates foreign fishing vessels in
India's Exclusive Economic Zone (EEZ).

In addition to national legislation, each coastal state in India has its own Marine Fisheries
Regulation Act. These acts are crucial for implementing the broader principles of the national
policy and adapting them to the specific conditions of their respective coastal regions. State
acts typically cover issues such as:

e Licensing and Registration of Fishing Vessels: These regulations control the
number and type of vessels operating in state waters, often based on vessel size, gear
type, and fishing area.

o Regulation of fishing gear and methods: State acts may restrict mesh size or ban
certain types of fishing gear or fishing methods that are considered destructive or
unsustainable, such as bull trawling, light fishing, bottom trawls or dynamite fishing.

e Spatial constraints: Designated fishing zones within territorial waters are spatially
allocated to different fishing vessel types to manage resource access and minimize
conflict. Typically, a nearshore area (generally 5 to 10 km from the shore or fishing in
defined depths) is reserved for artisanal, non-mechanized vessels, while other zones
are allocated for mechanized vessels.

e Closed Seasons and Fishing Zones: To protect fish stocks during breeding seasons
or in critical habitats, state regulations may establish closed seasons or restrict fishing
in specific areas.

e Landing and Marketing of Fish: Regulations may govern the landing and sale of
fish to ensure proper reporting of catches and prevent illegal fishing activities.

e Management of Fishing Harbors and Infrastructure: State governments often
manage fishing harbours and related infrastructure, such as fish landing centers and
auction halls.

State-wise legislation includes:

The Kerala Marine Fishing Regulation Act, 1980

The Goa, Daman and Diu Marine Fisheries Regulation Act, 1980
The Maharashtra Marine Fisheries Regulation Act, 1981

The Orissa Marine Fishing Regulation Act, 1981

321



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

Tamil Nadu Marine Fishing Regulation Act, 1983

The Karnataka Marine Fishing (Regulation) Act, 1986

West Bengal Marine Fishing Regulation Act, 1993

The Andhra Pradesh Marine Fishing (Regulation) Act, 1994
Lakshadweep Marine Fishing Regulation, 2000

The Gujarat Fisheries Act, 2003

Andaman and Nicobar Islands Marine Fishing Regulation, 2003

Monsoon Trawl Ban:

India's monsoon trawl ban, implemented since the 1980s, is a crucial conservation measure
for its 11,100 km coastline. This seasonal restriction on trawling, primarily during the
monsoon months (June-August), coincides with the breeding and spawning period of many
marine species, allowing fish populations to replenish. The ban is a key strategy for
sustainable fisheries management. Initially, implementation was decentralized, with states
tailoring bans to local conditions. Kerala pioneered the initiative in 1988, followed by other
coastal states like Karnataka, Tamil Nadu, and Maharashtra. While a 2015 attempt at a
uniform national ban faced resistance due to states' jurisdiction over fisheries, the principle
remains vital. The ban addresses the detrimental effects of mechanized trawling, which
intensified in the 1960s and 70s, leading to overfishing and habitat degradation. Trawling's
indiscriminate nature catches juvenile and breeding fish, disrupting natural replenishment
cycles. The ban allows these fish to reproduce undisturbed, promoting long-term stock health.
Specifically targeting mechanized trawlers, the ban exempts or allows limited access for
traditional, less invasive fishing methods. Enforcement varies by state, involving coastal
patrolling, fisheries department monitoring, and collaboration with local fishing communities
to combat illegal fishing. Duration also varies, for example, Kerala's is 52 days, while other
states' range from 45-61 days.

The ban's objectives are threefold: marine conservation by protecting spawning fish and
juveniles; sustainable fishery by stabilizing fish stocks and ensuring long-term viability; and
ecosystem management by preventing habitat destruction caused by trawling, preserving the
seabed, coral reefs, and other crucial underwater ecosystems. It aims to balance ecological
health with the livelihoods of fishing communities dependent on these resources.

Minimum Legal Size regulations:

Minimum Legal Size (MLS) regulations are a crucial fisheries management tool designed to
protect juvenile fish, maintain healthy spawning stocks, and control the size and number of
fish caught. Properly managed fisheries are essential for global food security, but
indiscriminate fishing practices have led to a continuous decline in fish stocks worldwide.
MLS regulations address this issue by preventing the capture of undersized fish, allowing
them to mature and reproduce, thus ensuring the long-term sustainability of the resource. The
core principle of MLS is to allow fish to reach reproductive maturity before being caught.
This helps prevent both growth overfishing (harvesting juveniles before they reach their full
growth potential) and recruitment overfishing (harvesting so many fish that the population
cannot replenish itself). Allowing undersized fish to grow to MLS can increase harvest

322



ICAR Short Term Training Manual on Integrated Taxonomic Techniques for Marine Biodiversity Conservation

weight by an average of 20%, leading to economic benefits. While India has implemented
some MLS regulations, notably for rock lobsters intended for export, and Kerala pioneered
MLS under the Kerala Marine Fishing Regulation Act (KMFRA), 1980, broader
implementation is being implemented in Karnataka and Tamil Nadu also. Kerala's
Department of Fisheries, using CMFRI recommendations, has established MLS for 58
commercially important species, including finfish, crustaceans, and molluscs. The goals of
MLS regulations are to: prevent growth and recruitment overfishing; protect immature fish;
control the number and size of fish landed; promote the aesthetic value of fish; maximize
economic benefits; and ensure the conservation and sustainability of fisheries resources.
Implementing MLS involves considering species-specific biological characteristics for
various types of fishes based on their maturation rates and ability of stocks to recover such as
size at sex differentiation, maturity, and first maturity, as well as input and output controls
such as gear selectivity, mesh sizes, and closed seasons. Successful MLS implementation
requires strict catch quotas, effective gear monitoring, awareness programs for fishers about
the dangers of juvenile and brood stock exploitation, amendments to acts like KMFRA to
regulate juvenile fishing, and restrictions on specific gear and crafts.

However, MLS implementation faces challenges. These include the difficulty of conserving
deep-water species that often die upon capture, the impracticality of MLS for short-lived
species with high natural mortality, inappropriate craft and gear sizes, the migratory
behaviour of some species, geographical variations in fish size at age, taxonomic
identification problems, discarding of undersized fish, the mixed-stock and multi-gear nature
of tropical fisheries, jurisdictional limitations, lack of regional cooperation, limited awareness
among fishers, and weak enforcement. Overcoming these challenges through stricter
regulations, improved monitoring, fisher education, and regional cooperation is crucial for the
success of MLS regulations in India.

The Territorial Waters, Continental Shelf, Exclusive Economic Zone and Other
Maritime Zones Act, 1976

The Territorial Waters, Continental Shelf, Exclusive Economic Zone and Other Maritime
Zones Act, 1976 is a crucial piece of Indian legislation that defines and delimits India's
maritime zones. It establishes the legal framework for India's jurisdiction and control over its
surrounding waters, including the crucial aspects of resource management and environmental
protection. Here's a brief overview:

o Territorial Waters: This zone extends 12 nautical miles from the baseline (typically
the low-water mark along the coast). India exercises full sovereignty over its
territorial waters, meaning it has complete control over all activities within this zone,
including navigation, fishing, and resource exploitation.

e Contiguous Zone: Extending beyond the territorial waters up to 24 nautical miles
from the baseline, the contiguous zone allows India to exercise control necessary to
prevent and punish infringement of its customs, fiscal, immigration, or sanitary laws
and regulations within its territory and territorial waters.
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o Continental Shelf: This refers to the seabed and subsoil of the submarine areas that
extend beyond India's territorial waters to the outer edge of the continental margin, or
to a distance of 200 nautical miles from the baselines from which the breadth of the
territorial sea is measured, where the outer edge of the continental margin does not
extend up to that distance. India has sovereign rights for the purpose of exploring and
exploiting its natural resources, including mineral and other non-living resources of
the seabed and subsoil, as well as living organisms belonging to sedentary species,
that is to say, organisms which, at the harvestable stage, either are immobile on or
under the seabed or are unable to move except in physical contact with the seabed or
the subsoil.

e Exclusive Economic Zone (EEZ): This zone stretches up to 200 nautical miles from
the baseline. Within the EEZ, India has sovereign rights for the purpose of exploring,
exploiting, conserving and managing the natural resources, whether living or
non-living, of the waters superjacent to the seabed and of the seabed and its subsoil,
and with regard to other activities for the economic exploitation and exploration of the
zone, such as the production of energy from water, currents and winds. India also has
jurisdiction with regard to the establishment and use of artificial islands, installations
and structures, marine scientific research, the protection and preservation of the
marine environment.

e Other Maritime Zones: The Act also makes provisions for other maritime zones as
may be specified by the Central Government from time to time.

Essentially, this Act clarifies India's maritime boundaries and establishes its rights and
responsibilities within each zone. It's a foundational legal document for managing India's
ocean resources, regulating activities at sea, and protecting its marine environment.

The Environment Protection Act, 1986

India's Environment (Protection) Act, 1986, a landmark legislation, serves as an umbrella act
for environmental protection. Enacted in the wake of the Bhopal Gas Tragedy, it provides a
framework for environmental regulation, addressing pollution control and environmental
conservation. The Act empowers the Central Government to take necessary measures for
environmental protection and improvement. This includes coordinating nationwide programs,
setting environmental quality standards, regulating industrial locations, managing hazardous
substances, and preventing environmental accidents. It also empowers the government to
establish authorities for specific environmental concerns. A key feature is the power to set
standards for environmental quality and pollutant discharge. The Act enables restrictions on
industrial activities in sensitive areas and mandates procedures for handling hazardous
substances. It also empowers the government to inspect and investigate potential
environmental violations. The Act emphasizes public participation in environmental
protection. It allows individuals to file complaints against environmental violations,
promoting awareness and accountability. It also stresses the importance of information
dissemination regarding environmental pollution. While the Act provides a comprehensive
framework, its effectiveness has been debated. Implementation challenges, enforcement
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issues, and evolving environmental threats have highlighted the need for continuous
improvement and adaptation. Despite these challenges, the Environment (Protection) Act
remains a cornerstone of India's environmental legal framework, guiding policies and actions
towards a sustainable future.

Coastal Zone Regulations

India's Coastal Regulation Zone (CRZ) regulations are a set of rules and guidelines that
govern human activities in coastal areas to protect the environment and ensure sustainable
development. These regulations are crucial due to India's extensive coastline, which is
ecologically rich and supports the livelihoods of millions of people. The CRZ regulations
were first introduced in 1991 under the Environment (Protection) Act, 1986. They have
been revised and updated over the years, with significant amendments in 2011 and 2018, to
address evolving challenges and incorporate new scientific understanding.

Objectives of CRZ Regulations included conservation and protection of the unique coastal
ecosystems, including mangroves, coral reefs, and biodiversity hotspots, livelihood security
ensuring the same for fishing and local communities who depend on coastal resources,
promotion of sustainable development in coastal areas, balancing economic growth with
environmental protection and disaster management to minimize the impact of natural
hazards like cyclones and tsunamis by regulating development in vulnerable zones.

Classification of CRZ Areas:

The CRZ regulations classify coastal areas into four categories based on their ecological
sensitivity and vulnerability:

o CRZ-I: Ecologically sensitive areas like mangroves, coral reefs, and wildlife habitats.
Development is highly restricted in these zones.

® CRZ-II: Developed areas within municipal limits. Construction is regulated to ensure
it aligns with environmental considerations.

o CRZ-III: Relatively undisturbed areas, including rural areas. Some development is
permitted with restrictions to protect the environment.

o CRZ-IV: Water areas, including the sea and tidal-influenced water bodies. Activities
like fishing and navigation are regulated to prevent pollution and habitat destruction.

Key Features of CRZ Regulations include No Development Zone (NDZ) at specific
distance from the High Tide Line (HTL) where no construction is allowed. This distance
varies depending on the CRZ category and the ecological sensitivity of the area. Regulation
of activities includes restriction or regulation of various activities in different CRZ
categories, including construction, industrial development, tourism, and waste disposal. State
governments are required to prepare Coastal Zone Management Plans (CZMPs) that guide
the implementation of CRZ regulations at the local level. Projects in CRZ areas require
environmental clearances from relevant authorities, which involve assessing their potential
environmental impact. The regulations provide for the establishment of Coastal Zone
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Management Authorities for enforcement and monitoring at the state and national levels to
enforce the rules and monitor compliance.

Challenges and issues include implementation challenges in enforcing CRZ regulations due
to factors like rapid urbanization, conflicting interests, and limited resources, balancing
development needs and conservation of environment and climate change impacts of
rising sea levels and increased frequency of extreme weather events pose new challenges for
coastal management.

In 2011, the Ministry of Environment, Forest and Climate Change (MoEF&CC) released the
CRZ Notification 2011, consolidating previous changes to the original 1991 regulations and
introducing new amendments. The primary objective of CRZ 2011 was to balance coastal
conservation and protection with the promotion of sustainable development. This notification
was superseded in 2019 by the CRZ Notification 2019, which aimed to further stimulate
economic growth in coastal regions while continuing to safeguard these sensitive areas. The
2019 amendments to the CRZ regulations aimed to streamline the clearance process, promote
tourism, and address the concerns of local communities. They also emphasized the need for
greater flexibility in coastal management to adapt to local conditions.

India's CRZ regulations are a critical tool for managing and protecting its valuable coastal
resources. While challenges remain in their implementation, the regulations provide a
framework for balancing development with conservation and ensuring the sustainable use of
coastal areas. Continuous efforts are needed to strengthen the regulations, improve
enforcement, and address the emerging challenges of climate change to safeguard India's
coastal ecosystems and the livelihoods of coastal communities.

Environment Impact Assessment Notification, 2006 (EIA)

The Environment Impact Assessment (EIA) Notification, 2006, is a key instrument for
protecting India's marine environment. It functions as a mandatory approval process that
project proponents, whose projects fall under the EIA's purview, must complete before
implementation. The EIA mandates that new projects or activities, as well as the expansion or
modernization of existing ones listed in its Schedules, require environmental clearance from
relevant government authorities. This clearance is granted after evaluating the project's
potential environmental impacts. Projects are categorized as either Category A or Category B
based on the extent of their potential impacts, their effects on human health, and their impact
on natural and man-made resources. Category A projects, deemed to have significant
environmental impacts (including expansion/modernization and product mix changes),
require prior environmental clearance from the Ministry of Environment, Forest and Climate
Change (MoEF&CC) based on recommendations from an Expert Appraisal Committee
(EAC). Oil and gas exploration, production, and development projects are examples of
Category A activities. Category B projects, considered to have less significant environmental
impacts, are further classified into Bl and B2. B2 projects do not require an EIA report.
Category B activities (also including expansion/modernization and product mix changes)
require prior environmental clearance from the State/Union Territory Environment Impact
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Assessment Authority (SEIAA). An example of a Category B activity is the manufacturing of
Single Super Phosphate (SSP) chemical fertilizers.

Implementation of the Environmental Protection Act (EPA), under which the EIA notification
falls, is entrusted to several agencies, including the MoEF&CC, the Central Pollution Control
Board (CPCB), State Pollution Control Boards (SPCBs), and District Level Committees
(DLCs).

The Indian Wildlife (Protection) Act, 1972

India's Wildlife Protection Act is a crucial legal instrument for wildlife conservation. It
defines key terms and categorizes wildlife into schedules, with Schedule I listing the most
endangered species. The Act establishes authorities (Chapters II, IVB, IVC) to implement its
provisions. A core function is prohibiting hunting and poaching (Chapters III & IIIA), with
strict penalties, especially for crimes against endangered species. It also bans trade in illegally
obtained trophies and wildlife products. The Act empowers governments to create national
parks, wildlife sanctuaries, and conservation/community reserves (Chapter 1V), providing
protected habitats. National parks have the strictest regulations. Trade in wildlife and
products is regulated (Chapter V), prohibiting endangered species' export and import. Other
wildlife product trade is controlled via licensing. The Act's scheduling system categorizes
wildlife by conservation status, determining protection levels and penalties. It also addresses
invasive species, empowering authorities to control and eradicate them. Guidelines for zoos
and aquariums ensure captive animal welfare, regulating acquisition, display, and care. The
Act promotes wildlife research and public awareness. Enforcement is through wildlife
wardens (Chapters II, VI, VIA) who investigate offenses, seize illegal products, and arrest
offenders. Penalties vary by offense. Provision for amendments (Chapter VII) have
strengthened the Act, addressing community participation, stricter penalties, and cybercrime
related to wildlife from time to time. It provides a robust legal framework, adapting to
evolving conservation challenges.

The Act has five schedules categorising and listing the species to be protected:

Schedule I: This schedule lists endangered species that require the highest level of
protection. These species are prohibited from being hunted throughout India, and any
violation of the law concerning them carries the harshest penalties. Examples include the
tiger, blackbuck, snow leopard, and Great Indian Bustard. Part A of Schedule I lists mammal
species, Part B birds, Part C reptiles, Part D amphibians, Part E fishes, Part F echinodermates,
Part G molluscs, Part H arthropods other than insects, Part I butterflies, Part J dragonflies,
and Part K corals.

Schedule II: Animals in this schedule are also granted high protection, although slightly less
than those in Schedule I. Their trade is prohibited, and hunting is restricted except under
specific circumstances like a threat to human life. Part A of Schedule II lists mammal species,
Part B birds, Part C reptiles, Part D amphibians, Part E fishes, Part F molluscs, Part G
arthropods other than insects, Part H butterflies, and Part I sponges.
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Schedule III: This schedule is a list of protected specified plant species and regulates their
cultivation, possession, sale, and transportation. This schedule aims to protect endangered
plant species like the Beddome's cycad and Blue Vanda orchid.

Schedule IV: This schedule deals with interpretation of Chapter VB of the Act and with the
trade or use of species listed in the Appendices.

Schedule V: This schedule lists animals considered "vermin," which can be hunted. These
are typically animals that may cause damage to crops or property, such as the Common Crow,
Fruit Bat, Rat, and Mice.

The schedules under the Wildlife Protection Act are crucial for prioritizing conservation
efforts and ensuring that appropriate levels of protection are given to different species based
on their vulnerability and ecological importance.

India is a signatory to CITES. The Wildlife Protection Act, 1972, as amended, incorporates
provisions to align with CITES regulations. The CITES lists are appended to the IWPA in
three Appendices:

Appendix I: Lists species that are most endangered and threatened with extinction. Trade in
these species is generally prohibited.

Appendix II: Lists species that are not necessarily threatened with extinction, but may
become so unless trade is strictly regulated.

Appendix ' III: Lists species that a specific country has identified as needing protection and
requires cooperation from other countries to control trade.

Protection to wildlife is also accorded through several regulations and notifications based on
the Act, on specific issues and activities, and enacted at both central and State levels.

In summary, the Wildlife Protection Act, 1972 is a crucial instrument for wildlife
conservation in India. It provides a legal framework for protecting wild animals, birds, and
plants, regulating trade in wildlife products, and establishing protected areas.

While facing challenges in implementation, the Act remains a cornerstone of India's efforts to
conserve its rich biodiversity.

The Biological Diversity Act, 2002

India's Biological Diversity Act, 2002, a parliamentary act, focuses on preserving India's rich
biodiversity and ensuring equitable benefit-sharing from the use of biological resources and
traditional knowledge. Enacted to fulfill India's obligations under the Convention on
Biological Diversity, the Act defines "biodiversity" broadly, encompassing variability among
living organisms and ecosystems. "Biological resources" are defined as plants, animals,
microorganisms, and their genetic material, excluding human genetic material and
value-added products. The Act established the National Biodiversity Authority (NBA), an
autonomous body headquartered in Chennai, to implement its provisions. State Biodiversity
Boards (SBBs) exist in 28 states, complemented by over 30,000 Biodiversity Management
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Committees at the local level. These bodies regulate prohibited acts, advise the government
on biodiversity conservation and heritage site selection, and oppose inappropriate intellectual
property rights claims on Indian biological resources or traditional knowledge. The Act
mandates permissions for accessing biological resources and associated knowledge.
Foreigners, non-resident Indians, and foreign companies require NBA permission for
research, survey, or commercial utilization. Indian citizens and entities require permission
from the relevant SBB. Research results using Indian biological resources cannot be
transferred to non-citizens or foreign companies without NBA approval, except for
publications or collaborative research with approved institutions. The NBA can mandate
benefit-sharing or royalties based on resource utilization. Benefit-sharing mechanisms
include joint intellectual property ownership, technology transfer, locating
production/research units in source areas, monetary and non-monetary compensation, and
establishing venture capital funds for benefit claimants. Violations of the Act's provisions are
punishable with imprisonment up to five years, fines up to ten lakh rupees, and fines
commensurate with damage exceeding ten lakh rupees. Offenses under the Act are
non-bailable and cognizable, highlighting the seriousness with which biodiversity protection
is treated. The Act provides a comprehensive framework for balancing conservation with
sustainable use and equitable benefit sharing, crucial for safeguarding India's biological
heritage.

India's Biological Diversity Act has been amended and brought into force on 3™ August 2023,
streamlining patent processes for inventions using Indian biological resources and promoting
indigenous medicine. The amendment protects local communities' commercial interests by
sharing biodiversity commerce benefits and decriminalizes biodiversity-related offenses. Key
changes include clarifying the need for NBA approval for IPR protection (though registration
is still required), while certain foreign entities still require NBA approval before filing IPR
applications. Prior approval from both State Biodiversity Boards and the NBA is mandatory
before commercializing IPRs involving biological resources. Accessing biological resources
and related knowledge for commercial use also requires NBA approval. Penalties have been
revised, with fines ranging from INR 1 lakh to INR 50 lakhs, potentially adjusted based on
damage caused. Imprisonment has been removed, decriminalizing contraventions.
Adjudicating Officers will investigate violations and determine penalties on a case-by-case
basis. The amended Act aims to balance biodiversity protection with facilitating access and
commercial utilization while ensuring equitable benefit sharing.

Water (Prevention and Control of Pollution) Act, 1974

India's primary legislation for water pollution control is the Water (Prevention and Control of
Pollution) Act (WPCA). This Act aims to prevent and control water pollution, maintain water
quality, and empower Central and State Pollution Control Boards (CPCB and SPCBs) to
address related issues. Section 24 of the WPCA prohibits and penalizes individuals who
discharge pollutants into water bodies (like streams) or worsen pollution by obstructing water
flow, with potential imprisonment and fines. Section 32 empowers SPCBs to take corrective
action in cases of accidental or unforeseen pollution and to prohibit further discharge of
pollutants. Furthermore, establishing any industry or process likely to discharge effluent
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requires prior SPCB approval; operating without this approval is punishable by imprisonment
and fines. The SPCB defines the parameters for determining what constitutes polluting
matter. Legal action under the WPCA requires a complaint filed by (a) a Board or its
authorized officer, or (b) any individual who, with clear intent to complain, provides at least
sixty days' notice of the alleged offense to the SPCB or authorized officer. SPCB-authorized
officers can enter and inspect any premises to ensure compliance with the WPCA and its
associated rules, orders, and authorizations. Water quality monitoring is primarily the
responsibility of the CPCB at the national level and SPCBs at the state level. These Boards
possess numerous powers and functions, including setting standards for sewage and industrial
effluent treatment before discharge, and advising governments on water pollution prevention
and control.

Indian Forest Act (IFA), 1927

First enacted in 1927, his legislation consolidates existing laws concerning forests, forest
products, their movement, and applicable duties on timber and other forest produce. This act
applies to forest lands, including those within coastal regions, particularly mangrove forests,
which are often designated as reserve forests.

Marine Products Export Development Authority Act, 1972

The Marine Products Export Development Authority (MPEDA) Act established the MPEDA
to develop and regulate the marine products industry and its exports from India. MPEDA's
responsibilities include conserving and managing offshore and deep-sea fisheries, promoting
markets, supporting capture and culture fisheries, developing processing infrastructure and
value addition, ensuring quality control, and conducting research and development. The
MPEDA regulates and safeguards exported seafood and marine products. It also advises the
Indian government on setting standards for fishing vessels, storage facilities, processing
plants, and other related infrastructure. Furthermore, the MPEDA certifies and licenses
seafood exports to European Union countries, playing a key role in preventing, deterring, and
eliminating illegal, unreported, and unregulated (IUU) fishing.

The MPEDA is the primary agency responsible for implementing the Act. The central
government retains the power to prohibit, restrict, or control the import and export of marine
products as needed.

India is a signatory to several international conventions and treaties, the provisions under
which have been woven into Indian legislation over time. The major among these
international instruments are mentioned below:

The International Convention for the Regulation of Whaling (ICRW), 1946
International Convention on Civil Liability for Oil Pollution Damage (CLC)

The International Convention for the Prevention of Pollution from Ships (MARPOL)
United Nations Convention on the Law of the Sea (UNCLOS)

World Heritage Convention

Convention on Conservation of Migratory Species of Wild Animals (CMS)
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e Convention on International Trade in Endangered Species of Flora and Fauna
(CITES)
Convention on Biological Diversity (CBD)
The Basel Convention on the Transboundary Movement of Hazardous Wastes and
their Disposal
The UNFCCC Paris Agreement
The Kunming-Montreal Biodiversity Framework
UNCLOS Biodiversity in Areas Beyond National Jurisdiction Agreement

India's laws and regulations, spanning from coastal zone management to fisheries regulation
and pollution control, demonstrates a growing commitment to protecting its invaluable
marine environment and its diverse array of organisms. While challenges in implementation,
enforcement, and coordination persist, these legal instruments provide a crucial framework
for balancing development pressures with the urgent need for conservation. Continued
strengthening of existing legislation, coupled with proactive measures to address emerging
threats like climate change and plastic pollution, is essential. Ultimately, the long-term health
and productivity of India's marine ecosystems, and the livelihoods of millions dependent
upon them, will rely on the effective and consistent application of these laws, fostering a
culture of responsible stewardship of this vital natural resource. Only through such concerted
efforts can India safeguard its rich marine heritage for future generations.
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23. Fish otoliths: their importance in scientific research

Dr. E M Abdussamad

Finfish Fisheries Division,
ICAR-Central Marine Fisheries Research Institute, Kochi

Otoliths paired structures, commonly known as "earstones," are hard, calcium carbonate
structures located directly behind the brain of bony fishes.. They are located in the
endolymphatic infillings in the saccule and utricle of the inner ear, specifically in
the vestibular labyrinth of all vertebrates; the bony fishes, amphibians, reptiles, mammals and
birds. In vertebrates, they are used as gravity, balance, movement, and directional indicators
and have a secondary function in sound detection in higher aquatic and terrestrial
vertebrates. Similar balance receptors are  known as statocysts, can be found in
many invertebrate groups but are not contained in the structures of inner ear. Three pairs of
otoliths, sagittae, lapilli and asterisci are found in teleost fishes, with sagittae being the
largest in all species, except in Cypriniforms. They are of under scientific debate, since very

long, on of their biological and other scientific significance.

Otoliths forms right during the embryonic phase and grow throughout the life of fishes by
accumulation of calcium carbonate and minerals in a protein matrix. . The rate of mineral
accumulation, and composition all varied with biological and physiological activity and state
of the fish, ecology and environment of the habitat where they are living and that they are not
subjected to any form of resorption. These peculiar growth characteristic made them a natural
data loggers. A proper scientific examination of otoliths may enable us to understand growth
rate and patterns; precise age, their habitat interactions, migration patterns, the habitat
environment where the fish lived in; and other vital information about the life history of the
fish. By determining and studying this information that is sometimes challenging to observe
directly from the fish, otoliths can effectively contribute to fisheries management, through
assessments of ecological dynamics of species, However, there is always a challenge to
develop the appropriate technologies to extract all these data from otoliths and interpret them
accurately.

Types of otolith and function

Otoliths are one of the most useful and important biological structures of fish, having many
practical applications that are not limited only to ichthyology. There are three types of
otoliths, all of which aid fish in balance and hearing:

Sagitta: The largest of the 3 pairs of otoliths, sagitta is involved in the detection of sound and
the process of hearing, or converting sound waves into electrical signals

Asteriscus: This type of otolith is involved in the detection of sound and the process of
hearing.
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Lapillus: This type of otolith is involved in the detection of gravitational force and sound
(Popper and Lu 2000)

Otolith in Fisheries Research

Otolith studies gained a lot of importance in recent days, and the area of its application range
from precise understanding of the biology and ecology of the respective species, taxonomic
confirmation, evolutionary studies and ornamental role. Many analyzed otolith
microchemistry and emphasized applications of this research area in: (i) describing
demographics of an anadromous fish’s life-history; (i1) identifying whether fish exhibit
homing and return to natal streams to spawn; and (iii) assessing population connectivity.

i. Biological studies

-Diet research

Since the compounds in fish otoliths are resistant to digestion, they are found in the digestive
tracts and scats of seabirds and piscivorous marine mammals, such as dolphins, seals, sea
lions and walruses. Many fish can be identified to genus and species by their otoliths.
Otoliths can therefore, to some extent, be used to deduce and reconstruct the prey

composition of marine mammal and seabird diets.
-Understanding fish age and growth

Generally, otoliths have mainly been used in age and growth studies, and the significance of
this application in fishery science is very much common to supplement the traditional
approaches. Investigations showed that developmental increments were deposited daily, and
proposed otolith as the most optimal for age determination and increment deposition rate
confirmation. Given that the information on age and growth is essential for stock assessments
and the development of appropriate management plans, researchers validated the periodicity
of ring formation, and developed appropriate growth models following multi-model
approaches.

ii. Taxonomic Studies:

Fish otolith are characterised with species-specific morphometry, which is commonly used in
diet studies of fishes and other groups which prey on fishes in the wild. The same
characteristic can be used to resolve taxonomic ambiguities of closely similar species. Otolith
shape analysis is effective in discriminating fish groups, especially those experiencing
different environmental conditions.

iili.  Ecological studies

The shapes and proportional sizes of the otoliths vary with fish species. In general, fish from
highly structured habitats such as reefs or rocky bottoms will have larger otoliths than fish
that spend most of their time swimming at high speed in straight lines in the open ocean.
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Studying the trace elemental composition or isotopic signatures of trace elements within a
fish otolith gives insight to the water bodies fish have previously occupied. Fish otoliths as
old as 172 million years have been used to study the environment in which the fish
lived’ Robotic micromilling devices have also been used to recover very high resolution
records of life history, including diet and temperatures throughout the life of the fish, as well
as their natal origin.

iv. Paleontological studies

After the death and decomposition of a fish, otoliths may be preserved within the body of an
organism or be dispersed in sediment. They can be identified due to differences in colour,
grain size, or a distinctive shape. These are of special significance, since the presence,
composition, and morphology of the material can clarify the relationship of species and
groups.

v. Otolith ornaments

Sea gems' ornaments from fish otoliths have been introduced in the market in India recently,
with the efforts of a group of enthusiastic fisher women in Vizhinjam. Scientists from Central
Marine Fisheries Research Institute (CMFRI) have trained these fisher-women. Ornaments
from fish otoliths, known to the Romans and Egyptians as lucky stones, are continued to be
used in countries like Brazil and the Faerder, and are being collected and sold in an organized

and sustainable manner in India.
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