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FOREWORD

Marine fisheries contribute to food, nutrition, employment and income generation in India. The
sector supports about four million people for their livelihood and nearly one million fishermen by way of
employment and contributes significantly to the export earnings of the country and balance of trade.
The sector contributes to an economic wealth valued at nearly US$10 billion annually. The marine
fisheries of the country consist of small-scale and artisanal fishers belonging mechanized, motorized
and non-mechanized sectors and a range of other stakeholders, including governmental and non-
governmental agencies. Though India is not a leading producer in true mariculture we are second in
aquaculture production after China. Coastal aquaculture of shrimp has a major role in aquaculture
production and export in India. Even though there is vast scope, recently only India has taken up
mariculture technologies to the stake holder level. Due to the success achieved mariculture, it has been
identified as a potential source of production enhancement for high valued species like lobster, seabass,
cobia and pompano for which the capture fishery is negligible.

I am proud to state that ICAR-Central Marine Fisheries Research Institute (CMFRI) has significantly
contributed towards the development of marine fisheries and mariculture in the region, by different
means including human resource development and capacity building.

It was with great pleasure that my colleagues and | had this opportunity to host such an important
International Workshop cum Training in CMFRI, Kochi, India.The Manual released on this occasion covers
important aspects of marine fisheries and mariculture prepared by experts in their respective fields. |
congratulate the Course Director and Head in Charge Mariculture Division, Dr. Imelda Joseph and Dr.
Somy Kuriakose, Principal Scientist, Fishery Resource Assessment Division and all other staff members
of CMFRI for their efforts in bringing out the Manual in time and to arrange the programme in a befitting
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A. Gopalakrishnan
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PREFACE

ICAR- Central Marine Fisheries Research Institute (CMFRI) is the premier marine fisheries research
institute in India and has the infrastructure and man power for capacity building at any level of stake
holders. We have organized a series of international programmes including those with funding from
Commonwealth U.K., SAARC (Coastal Zone Management Centre, Male, Maldives), BOBLME, Asian Fisheries
Society etc and has played lead role in capacity building in Marine Fisheries and Mariculture in the
region. This is our first collaboration with African-Asian Rural Development Agency (AARDO) and | hope
it will be the beginning of a long lasting collaboration. It is a great opportunity for the 16 participants
from 13 AARDO member countries to visit India and get trained in Fisheries and Aquaculture at the
premier national institute. The countries represented are Bangladesh, Republic of China (Taiwan), Iraq,
Jordan, Lebanon, Libya, Malaysia, Malawi, Mauritius, Oman, Palestine, Sudan and Tunisia.

H.E. Eng. Wassfi Hassan El-Shrein, the Secretary General and Dr. Khusnood Ali, Head & Programme
Coordinator, AARDO, New Delhi are gratefully acknowledged for identifying CMFRI in organizing the
programme. | thank Dr. A. Gopalakrishnan, Director CMFRI for the facilitation in successful conduct of
the Training cum Workshop. Dr. Somy Kuriakose, Principal Scientist & Course coordinator was also
instrumental in running the programme smoothly and | specially thank her for her selfless service and
support. | thank Dr. M. K. Anil and Dr. Santhosh for making excellent arrangements at Vizhinajm for the
exposure visit of the participants. The resource persons from CMFRI headquarters and centres were
very supportive in smooth conduct of the programme. The support from Mariculture Division at Kochi,
which includes Technical staff, research scholars and supporting staff also supported us in organising
the programme. The support from farmers cannot be ignored. All Heads of Divisions at CMFRI also
supported us in this endeavour. | thank the entire Administration and Accounts staff of CMFRI for being
such wonderful support.

The Course Manual released on this occasion contains the lecture notes by the resource persons
identified for the programme. | am confident that the Course Manual released on this occasion would be
of use for the participants to enhance their knowledge and competence in the area of marine fisheries
and mariculture and will be of use in their future research in their countries.

Imelda Joseph
Course Director

March, 2018
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ICAR- Central Marine Fisheries Research Institute (CMFRI)
at a Glance

A. Gopalakrishnan
ICAR-Central Marine Fisheries Research Institute
agopalkochi@gmail.com

The ICAR- Central Marine Fisheries Research Institute (CMFRI), one of the major fisheries research
organisations in the world, has celebrated its platinum jubilee in 2017 to mark the eventful 70 years of
research activities by the institute in the area of marine fisheries. Established as a marine fisheries
research station on February 391947 in Madras, the institute joined Indian Council Agricultural Research
(ICAR) family in 1967 and started functioning as a premier research establishment to undertake marine
fisheries research in the country. The headquarters was shifted from Mandapam in Tamil Nadu in 1972.

CMFRI is the lead marine fisheries research institute in India which has played a key role in laying
foundation for the tropical marine fisheries research in the region providing services and advises to
policy planners and developmental agencies not only within the country but also to the Indian Ocean
Rim Nations. The mandate of the institute is:

e  Monitor and assess the marine fisheries resources of the Exclusive Economic Zone (EEZ) including
the impact of climate and anthropogenic activity and develop sustainable fishery management
plans.

e Basic and strategic research in mariculture to enhance production.
e Act as a repository of geo-spatial information on marine fishery resources and habitats.

e Consultancy services; and human resource development through training, education and
extension.

From estimation of marine fish landings to its valuation and taxonomic studies, the research activities
of CMFRI are diversified to a variety of niche areas such as sea farming and coastal mariculture,
development of hatchery technologies for commercially viable marine fish species, cage farming,
biotechnological applications of marine resources, biodiversity studies, development of sustainable
ecosystem management interventions, policy studies and so on. Apart from the Headquarters at Kochi,
Kerala, India, the ICAR-CMFRI, country’s premier R&D body in marine fisheries, has 11 Regional Research
Centres located at Mandapam Camp, Visakhapatnam, Veraval, Mumbai, Chennai, Calicut, Karwar,
Tuticorin, Vizhinjam, Mangalore and Digha, in addition to fifteen field centres throughout the coastal
belts of the country and 1 KVK at Narakkal, Ernakulum.There are 154 scientists, 81 PhD scholars and
over 600 other staff working at CMFRI in as many as 10 research divisions and we have always targeted
the fishermen community in the country for a coordinated research which is demand driven.
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Achievements of CMFRI include fish landing statistics, fishing fleet estimation and recommendations,
marine fisheries census, resource tracking and harvest policies. National marine fisheries policies and
mariculture technologies are few of CMFRI’s significant contribution to the sector. Technologies developed
by the institute have contributed to expanding opportunities for sustainable marine fish harvest,
environmental conservation, income generation, poverty reduction and export earnings. CMFRI has also
been successful in generating technologies, advancing academic wisdom, generating trained man power
in mariculture and steering outreach activities for the benefit of the fisher folk and for sustaining the
fish food security of the nation.

With the capture fisheries lowering at potential level not much increase in the production is
anticipated from fishing. But the thrust is to utilize the coastal water bodies for the finfish and shellfish
mariculture related activities for enhancing production. Hatchery seed production of 5 finfishes, 21
ornamental, 4 bivalves and 2 holothurians have been developed by CMFRI. CMFRI is coming up with
National Mariculture Policy guidelines for submission to the Government of India which is going to have
a major impact in the country’s fish food security.

Shrinking arable land reiterates the need for producing more from the sea to support our growing
population which further augments the expectation from our research output. CMFRIs contributions
are recognized nationally and globally with many of our documents vetted or recommended by the FAO
and regional fisheries management organization such as BOBP, BOBLME, IOTC, SAARC, MSC, Common
wealth, African & Caribbean nations. Imparting trainings at national and international level is an
integral part of CMFRIs activities. During the last 5 years we have organized a total of 36 training
programmes in CMFRI headquarters and the centres of CMFRI including 6 international programmes for:

1. SAARC nations

. BOBLME on genetics stock identification
. Maldivian Officials

. Srilankan scientists

. Bangladesh fishery officials

. BoBP country members and

2
3
4
5
6
7

. AARDO (Present Programme)

Over the past seven decades the institute has grown significantly in size and stature emerging as a
leading tropical marine fisheries research institute in the world displaying an unparalleled research
acumen and unbridled commitment which helped in boosting the marine fish production and management
of the fisheries sector and for the livelihood of 4 million fisher folk of the country.
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Indian Marine Fishery Resources - Present Status
T. V. Sathianandhan

ICAR-Central Marine Fisheries Research Institute
tvsedpl@gmail.com

India being a tropical country is blessed with highly diverse nature of marine fishery resources in its
2.02 million square kilometer Exclusive Economic Zone with an estimated annual harvestable potential
of 4.414 million metric tonnes. The marine fisheries sector provide livelihood to nearly 4.0 million
people of India and meets the food and nutritional requirements of a significant proportion of the
population. Also, it contributes to export earnings of the country. Sustainable harvest of the marine
fishery resources are necessary as over-exploitation of the resources is likely to harm the diversity and
cause reduction in the availability of some of the resources. Monitoring of the harvest of the diverse
marine fishery resources of the country is being carried out regularly by CMFRI since its inception
through a scientific data collection and estimation system from all along the Indian coast leading to fish
stock assessment for deriving management measures to keep the harvest of the resources at sustainable
levels.

Marine fisheries is an important source of food, nutrition, employment and income generation. In
India, four million people depend for their livelihood on marine fisheries sector which provides employment
to nearly one million fishermen and contributes significantly to the export earnings of the country and
balance of trade. The sector contributes to an economic wealth valued at nearly Rs. 65,000 crores
annually. The marine fisheries of the country consist of small-scale and artisanal fishers belonging
mechanized, motorized and non-mechanized sectors and a range of other stakeholders, including
governmental and non-governmental agencies. The marine fisheries resources are not in-exhaustive
and over-exploitation would lead to loss of biodiversity and reduced availability of resources for our
future generations. Uncontrolled harvest will result in depletion of the resources. Management and
regulations are necessary for sustainable harvest of marine fishery resources.

India is one among the top marine fish producing countries of the world and at present the country
is at 7* position in global marine capture fish production after China, Indonesia, USA, Russia, Japan and
Peru. The global marine fish catch remains almost stagnant after 1990 whereas the marine fish production
in India showed a steady increase from 2.3 million tonnes in 1990 to 3.94 million tonnes in 2012.

Many of the world’s fisheries have experienced series of environmental shifts in recent decades
involving collapse or fluctuations in the dominant fish assemblages and as a result, many fisheries-
dependent human communities have lost majority of their population, while the respective countries in
general were growing (Hamilton and Otterstand, 1998). In a tropical country like India, wherein the
marine fisheries is supported by multispecies assemblages, severe collapses in fishery are unlikely and
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the marine fish production of the country has been increasing from a meager of 0.05 million tonnes to
3.94 million tonnes over the last 62 years. This is imperative, as the marine fisheries sector in India is
characterised by the dominance of small scale subsistence based fishery. In many of the societies,
small-scale fishermen suffer the greatest deprivations as they have low social status, low incomes, poor
living conditions and little political influence (Pomeroy and Williams, 1994). Implementation of regulations
in the fishery for the sustained production from the sector has to take into account its impact on the
livelihood of the considerably poor fisher population. The information necessary for such inferences are
generated through census.

Time series plot of marine fish landings in India from 1950 to 2016 (in million tonnes)

The estimate of landings of marine fish resources along the coast in the main land of India for the
year 2016 is 3.63 million metric tonnes. The contribution by the maritime states West Begal, Odisha,
Andhra Pradesh, Tamil Nadu, Kerala, Karnataka, Goa, Maharashtra, Gujarat, union territories of
Puducherry and Daman & Diu towards the total landings (in lakh tonnes) are 2.72 (7.5%), 1.17 (3.2%),
1.92 (5.3%), 7.07(19.5%), 5.23 (14.4%), 5.30 (14.6%), 0.61 (1.7%), 2.92 (8.1%), 7.74 (21.3%), 0.45 (1.2%),
1.17 (3.2%) respectively. The increase in landings in 2016 is mainly due to increase in marine fish
landings along the coasts of West Bengal by 1.53 lakh tonnes, Karnataka by 86,000 tonnes, Gujarat by
53,000 tonnes, Kerala by 40,000 tonnes, Daman & Diu by 35,000 tonnes and Maharashtra by 27,000
tonnes. There is reduction in landings in Andhra Pradesh by 1.03 lakh tonnes, Puducherry by 34,000
tonnes, Odisha by 24,000 tonnes, Goa by 7,000 tonnes and Tamil Nadu by 2,000 tonnes.

When examined at the resource level contribution, Indian mackerel had the maximum with 2.49
lakh tonnes (6.8% of total landings) followed by oil sardine 2.45 lakh tonnes (6.7%), ribbonfishes 2.20
lakh tonnes (6.0%), penaeid prawns 2.01 lakh tonnes (5.5%) and lesser sardines 1.95 lakh tonnes (5.4%).
The resources showed increased landings in 2016 are Perches by about 77,000 tonnes (81%), Hilsa shad
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73,000 tonnes (354%), Ribbon fishes 43,000 tonnes (24%), Bombayduck 35,000 tonnes (31%), Squids
22,000 tonnes (24%) and Non-penaeid prawns 21,000 tonnes (14%). The resources with significant reduction
in landings are Lesser sardines 61,000 tonnes (24%) and oil sardine 21,000 tonnes (8%).

Among the three sectors there was 81% contribution from mechanized sector towards the total
landings, motorized sector contributed 17% and the contribution from the traditional non-mechanized
sector was only 2%. Mechanized trawlnets accounted for 58% of the total marine fish landings whereas
mechanized gillnets and outboard ringseines contributed 8% each. The total number of species found in
the landings along the Indian coast during 2016 is 817 where as it was 730 in 2015. Number of species
landed in different maritime states in 2016 and 2015 are shown in the following diagram. Though
Gujarat had maximum landings among all the maritime states species diversity is less compared to
Kerala and Tamil Nadu.

Fig.1. Numbers of species landed in different maritime states in 2016 and 2015

India is one among few countries where a system based on sampling theory is used to collect marine
fish catch statistics. The sampling design was developed by CMFRI in association with the Indian Agricultural
Statistics Research Institute by conducting preliminary surveys. The sampling design adopted is stratified
multistage random sampling, stratification being done over space and time.

Fish landings takes place at numerous locations all along the coastline in all seasons during day and
night. Sampling and estimation are performed for geographical area referred as fishing zone. There are
75 fishing zones covering 9 maritime states and two coastal union territories. All the 1,511 landing
centres are covered under the sample design and data collection is by qualified and trained field staff
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stationed at 25 locations across all maritime states. The overall operation is coordinated by the Fishery
Resources Assessment Division of CMFRI.

Fish is a natural resource with capacity to rebuild. If not monitored and managed over- exploitation
will lead to stock depletion and some may become extinct. Harvest of this resource needs to be maintained
at sustainable level through monitoring and control. The primary objective of fish stock assessment is to
provide advice on the optimum exploitation of aquatic living resources. Fish stock assessment can be
described as the search for the exploitation level that in the long run gives maximum yield from the
fishery. The aim of fish stock assessment is for a fishing strategy that gives the highest steady yield year
after year.

The basic goal of fishery management is to estimate the amount of fish that can be removed safely
while keeping the fish population healthy. These estimates may be modified by political, economic,
and social considerations to arrive at an optimum yield. Overly conservative management can result in
wasted fisheries production due to under-harvesting, while too liberal or no management may result in
over-harvesting and severely reduced populations. Fisheries Management draws on fisheries science in
order to find ways to protect fishery resources so that sustainable exploitation is possible. Fisheries
Management is the integrated process of information gathering, data analysis, planning, consultation,
decision making, allocation of the resources and implementation of regulations or rules to govern
fishing activities with enforcement as and when necessary to ensure steady and sustainable harvest of
the resources. Fisheries Management is not about managing fish but about managing people and related
businesses. Fish populations are managed by regulating the actions of people. These management
regulations should also consider its implications on the stakeholders.
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New Threats to Coastal Habitats and the Way Forward for
Developing a Sustainable Ecosystem

V. Kripa
ICAR- Central Marine Fisheries research Institute
vasantkripa@gmail.com

Introduction

The coastal and marine ecosystems all over the world have supported fisheries and aquaculture
activities since time immemorial. With modernisation and new technological developments, opportunities
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for employment have diversified resulting in increased the production from these two sectors.
Nevertheless, problems related to the environment started making a deep impact on these two industries.
During 1900, out of every 10 only two were living in urban areas and now by 2010 it has increased to 5
and by 2050, it is expected that 7 out of every 10 will be a resident of urban areas. Moreover, the
increasing coastal population and unplanned developmental activities in these regions have led to
degradation and loss of critical habitats. The African and Asian Regions are in the growing phase and it
is essential that we evaluate the negative impacts of antropogenic activities and work towards a fast
track rectification action plan. In this write up only the new threats are listed. The earlier well recognised
pressures still stand unaddressed to a large extent. While several rules and regulations have been
drafted to resolve these issues, the implementation part is still week.

Climate change and fisheries

The impacts of climate change are pronounced on small pelagic fish, the Indian oil sardine. Fluctuation
in fishery of the group of fishes -herrings, anchovies and sardines (HAS) has been attributed to ocean
atmospheric processes like the El Nino.The biological cycles of the Indian oil sardine, Sardinella longiceps
has also been found to be closely related to upwelling and monsoon. The climate impacts in the form of
extreme events like excess or deficit rain during south west monsoon and north east monsoon have
affected recruitment. Along with this, the unusual high temperature and low food creating situations
similar to drought have been identified in the coastal waters. These are reflections of the El nino of
2015 which led to poor recruitment.

The Indian oil sardine is not only a food fish, but also a forage fish supporting the higher predators
in the tropical ecosystems. They form the food of dolphins and sea birds. Hence decline in biomass of
sardine will have cascading effect on the trophic system. It can be inferred that climate change has a
critical role to play in fishery fluctuations. Only limited fisheries management programs and governance
are in place in many Afro-Asian countries. There is no preparedness to face fishery collapses.

Very effective FMP (especially good governance) should in place in all maritime states. Similarly
effective predictions should be developed on climatic factors and eggs and larval studies. There should
be International research collaborations for capacity building on these themes. Similarly there should
be schemes to financially support small scale fishers during fish biomass decline due to natural calamities
Asian agriculture.

Litter in aquatic systems

Marine litter has become one of the biggest threats in the world. According to United Nations Joint
Group of Experts on the Scientific Aspects of Marine Environmental Protection (GESAMP), 60 to 80%, of
the global litter found in the coastal and marine ecosystems has originated from land and only the rest
from sea based activities. Understanding this, the UNEP has recently initiated a special program ‘Global
Initiative on Marine Litter’. Three main industries which are affected by marine debris are fisheries,
shipping and tourism and the estimated damage to these sectors in APEC region is US$1.265 million
annually. It is also estimated that about 4.8 and 12.7 million metric tonnes enter the oceans.
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Plastic products ranging from small ice cream spoons to large sheets and crates are dumped as
litter on the beaches and obtained along with fish catch in gears like bag nets and trawls. In the
estuaries, these occur in gill nets and drift nets. Studies suggest that 70% of marine litter sinks to the
seabed, 15% continues to drift within the water column and 15% ends up on beaches. Micro-plastics have
been found to enter the food chain. In the recent years nylon threads have been obtained from the gut
of Indian oil sardine, anchovies birds and mackerel, while large pieces of plastics have been obtained
from the gut of ribbon fishes, tuna, and whales. This clearly indicates that micro and macro plastics
have started entering the marine food chain. What impact does it have on the marine fauna? Not much
information is available on this. The benthic ecosystem is one of the most productive areas which
support the demersal fishes, shrimps and several invertebrates like the octopuses, sea cucumbers,
gastropods and bivalves. They depend on benthic substrate for all their major life cycle activities like
foraging and breeding and hence are more vulnerable to impacts of marine litter.Picture shows the huge
quantity of plastic covers dumped in inshore areas which are nursery grounds of shrimps and fishes.
Another threat is the leaching of chemical from plastics. The toxicity of additive chemicals (default in
manufacture) eg: phthalates (endocrine disrupting and carcinogenic), bisphenol A (endocrine disruption
and cytotoxicity), brominated flame retardants (immunotoxicity, cytotoxicity, neurotoxicity, endocrine
disruption), triclosan, bisphenone and organotins which can leach from the polymer into the surroundings
as they bond weakly with the polymer is scientifically proved now.The fragmentation of plastics increases
leaching of these chemicals and enable more surface area for adsorption of toxic chemicals from
environment. To overcome this problem, a well charted out action plan as given below is suggested.

Awareness campaigns——student blue/green brigades

Collection mechanism from individual house-holds and other places
Segregation based on nature/type at source itself

Efficient transportation from collection centre to storage or processing centres
Treatment facilities (recycling / upscaling)

For fishermen -Incentives - for litter reduction

No v A wWwN =

Formulation of rules: punishments for violating stipulated rules
8. Implementation of Rules and regulations.

Harmful Algal Blooms (HAB)

The intensity and frequency of blooms in coastal waters has increased though incidences of shellfish
poisoning is not seen in Indian waters.Complete disruption of normal food chain is common during such
periods. The way forward is to develop prediction and early warning systems which would help to
rescue the aquaculture farms. More important is to reduce eutrophication and coastal pollution which
promote such HABs

Habitat alterations

Ecologically destructive developments which involve reclamation and flow disrupting hindrances in
the estuaries and coastal waters change the physical nature of the critical habitats. Subsequently the
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reduced water flow changes the water quality and increases sedimentation resulting in shallow regions.
These alter the ecosystem characteristics affecting the faunal diversity and biomass. Picture shows a
weed infested portion in the Cochin backwaters, Kerala during post monsoon period. Proliferation of
bio-invasive weeds have also led to habitat alterations.These hinder fishing activities and also breeding
of local species. Aquaculture also becomes impossible. The way forward is to remove these manually
and start developmental activities. Clear enforceable habitat protection provisions will help to safeguard
fish and fisheries

Jellyfish in coastal habitats

Extreme events like droughts reduce the flow of water to the sea and this has been found to
increase the occurrence of Jelly fishes in backwaters. Similarly the increase in jellyfish blooms is a
major threat to the resources. Ecological imbalance due to removal of top predators, eutrophication of
coastal waters due to urbanization, low oxygen and occurrence of new structures in coastal waters
where the polyps can attach are some of the reasons for increase in jellyfish occurrences.

There is only limited data available on this issue. Hence it is suggested to include jellyfish research
as a focal theme and develop early warning systems for bloom forming species. It will be appropriate to
utilize jelly fish. These are used in collagen preparations; treat rheumatoid arthritis and are known to
have rich biomedical properties. As food- dried and chopped into noodle-like strips to be added to
soups, entrepreneurial Japanese are even making vanilla-and-jellyfish ice cream. Above all it is important
to reduce eutrophication through proper control measures

Destruction of critical habitats by oil pollution

Oil spillages have led to considerable damage to the coastal ecosystems. The increased oil tanker
traffic has called for urgent action by each nation to provide a critical habitat map to the shipping
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industry. Along with this, preparedness to handle oil spillages using sophisticated methods has to be
developed.

Chemical pollution

Changes in habitat ecology due to effluents from factories and industrial units have been a major
concern since more than half a century. In almost all nations, coastal zone regulation acts and integrated
coastal zone management has come into force. However, in several areas, the effluents are discharged
directly to the coastal waters leading to high BOD and COD. Most often this results in sudden fish Kkills.
The poor water quality has been found to affect the fin fish farms in coastal areas. In spite of repeated
warnings and public protests, the chemical pollution still continues as a major threat in some areas.
Unless strict action is taken to stop this, the deterioration of coastal habitats will continue.

Ocean Health Index

The Ocean Health Index is a valuable tool for the ongoing assessment of ocean health. By providing
a means to advance comprehensive ocean policy and compare future progress, the Index can inform
decisions about how to use or protect marine ecosystems(http://www.oceanhealthindex.org/)

Factors like Food provision, Artisanal fishing opportunity, Natural products, Carbon storage, Coastal
protection, Coastal livelihoods and economy, Tourism and recreation, Sense of place, Clean waters and
Biodiversity are considered for calculating the OHI. India’s rank is 66™ and there is scope to increase
this by improving the environmental health. All nations should look at their OHI and work towards
improving the score.
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Fish Biodiversity of Indian Exclusive Economic Zone
K. K. Joshi

ICAR-Central Marine Fisheries Research Institute
joshyguru@gmail.com

Introduction

Indian fisheries have a long history, starting with Kautilya’s Arthasastra describing fish as a source
for consumption and provide evidence that fishery was a well-established industry in India and fish was
relished as an article of diet as early as 300 B.C, the ancient Hindus possessed a considerable knowledge
on the habit of fishes and the epic on the second pillar of Emperor Ashoka describing the prohibition of
consumption of fish during a certain lunar period which can be interpreted as a conservation point of
view. Modern scientific studies on Indian fishes could be traced to the initial works done by Linnaeus,
Bloch and Schneider, Lacepéde, Russell and Hamilton. The mid 1800s contributed much in the history of
Indian fish taxonomy since the time of the expeditions was going through. Cuvier and Valenciennes
(1828-1849) described 70 nominal species off Puducherry, Skyes (1839), Gunther (1860, 1872, 1880) and
The Fishes of India by Francis Day (1865-1877) and another book Fauna of British India series in two
volumes (1889) describing 1,418 species are the two most indispensable works on Indian fish taxonomy
to date. Alcock (1889, 1890) described 162 species new to science from Indian waters.

In the 20t century, the basis of intensive studies on the different families and groups of freshwater
fishes was done by Chaudhuri along with Hora and his co-workers. Misra published An Aid to Identification
of the Commercial Fishes of India and Pakistan and The Fauna of India and Adjacent Countries (Pisces)
in 1976. Jones and Kumaran described about 600 species of fishes in the work Fishes of Laccadive
Archipelago. Talwar and Kacker gave a detailed description of 548 species under 89 families in his
work, Commercial Sea Fishes of India. The FAO Species Identification Sheets for Fishery Purposes -
Western Indian Ocean (Fischer and Bianchi) is still a valuable guide for researchers.

The long coastline of 8129 km? with an E2 of 2.02 million sq. km including the continental shelf of
0.5 million sq. km harbors extensively rich multitude of species. Vast regions of mangroves are found
along the coast of West Bengal, Odisha, Andhra Pradesh, Tamilnadu, Maharashtra, Gujarat and Andaman
Islands which extends up to about 6,82,000 ha area. Coral reefs are found in the Gulf of Kutch, along the
Maharashtra coast, Kerala coast, in the Gulf of Mannar, Palk Bay and the Wadge Bank along the Tamilnadu
coast and around Andaman and Lakshadweep Islands. The variety of coastal ecosystems includes brackish
water lakes, lagoons, estuaries, back waters, salt marshes, rocky bottom, sandy bottom and muddy
areas provides a home and shelter for the mega biodiversity of India. These regions support very rich
fauna and flora and constitute rich biological diversity of marine ecosystems. Diversity in the species
complex, typical of tropical waters and co-existence of different fish and shellfish species in the same
ground are important features of Indian Marine Biodiversity.
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Species Diversity
Fin fishes

Of the 33,059 total fish species of the world, India contributes of about 2,492 marine fishes owing
to 7.4% of the total marine fish resources. Of the total fish diversity known from India, the marine fishes
constitute 75.6 percent, comprising of 2,492 species belonging to 941 genera, under 240 families of 40
orders. Among the fish diversity-rich areas in the marine waters of India, the Andaman and Nicobar
Archipelago, shows the highest number of species 1,431, followed by the east coast of India with 1,121
species and the west coast with 1071. Detailed taxonomy of 18 families of fishes occurring in Indian EEZ
was done as shown in the Table 1. As many as 91 species of endemic marine fishes are known to occur
in the coastal waters of India. As of today, about 50 marine fishes known from India fall into the
Threatened category as per the IUCN Red List, and about 45 species are Near-Threatened and already
on the path to vulnerability. However, only some species (10 elasmobranchs, 10 seahorses and one
grouper) are listed in Schedule | of the Wildlife (Protection) Act, 1972 of the Government of India. The
ecosystem goods and services provided by the fauna and flora and the interrelationship between the
biodiversity and ecological processes are the fundamental issues in the sustainability and equilibrium of
the ecosystem.

Table 1. List of Fish families and corresponding authors

No Name of the Family /group Authors

1 Flatfishes Norman, 1934, Menon, 1977
2 Scombridae Jones and Silas, 1962

3 Mugilidae Sarojini, 1962

4 Clupeidae Whitehead, 1985

5 Trichiuridae James, 1967

6 Leiognathidae James, 1975

7 Chirocentridae Luther, 1968

8 Mullidae Thomas, 1969

9 Sphyraenidae De Sylva, 1975

10 Syngnathidae Dawson, 1976

11 Scorpaenidae Eschmeyer, 1969

12 Platycephalidae Murty, 1982

13 Callionymidae Ronald, 1983

14 Sciaenidae Lal Mohan, 1972, 1982, Trewavas, 1977
15 Nemipteridae Russell, 1986

16 Priacanthidae Phillip, 1994

17 Carangidae Sreenivasan, 1976, Joshi, 2011
18 Balistidae Sathish Sahayak, 2015
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Recent analysis indicates that 18 resource groups fall under abundant category, five fall under less
abundant category and one each fall under declining, depleted and collapsed category. The resource
groups under the abundant category indicates good condition of the stock. The less abundant category
includes elasmobranchs, threadfins, ribbon fishes, mullets and flat fishes. Big-jawed jumper under the
declining category, flying fishes under depleted and unicorn cod is in the collapsed category. While
certain stocks such as those of Mackerel, Lesser Sardines, White bait, Seer fish, Coastal and oceanic
tunas, Croakers, Pig face breams, Groupers, Snappers, Cat fish, Lizard fish, Silver bellies and Goat
fishes are exploited all along the Indian coast. Bombay duck is caught mainly along the Gujarat and
Maharashtra coast and to a lesser extent along certain pockets of Andhra, Odisha and West Bengal
coasts. Hilsa is harvested mainly along the West Bengal coast and Gujarat coast.

Elasmobranchs

The elasmobranchs consists of sharks, sawfishes, rays, skates and guitar fishes. They are fished
using different types of gears and in recent years have assumed great significance in the export market.
They are exploited by a variety of fishing gears like gillnets, long lines and trawls along the Indian coast
by both traditional and mechanized sectors. Though there is no directed fishing for elasmobranchs in
certain places of Tamilnadu, large meshed bottom set gillnets called as ‘thirukkuvalai’ are operated for
fishing the rays. They are all predatory feeding on a wide range from zooplankton to benthic invertebrates,

bony fishes, other sharks, turtles, seabirds and marine mammals. Akhilesh et al. (2014) provided a
checklist of 227 chondrichthyan species belonging to 11 orders and 41 families from Indian seas and it
was mentioned that 27 species (12%) have questionable status with regard to their occurrence because
their distributional range does not fall within Indian seas.

The Whale shark is huge, sluggish, pelagic filter-feeder, often seen swimming on the surface.
Viviparous and gravid female have 300 young ones of several stages of development. The protected
elasmobranchs as per the Wildlife (Protection) Act, 1972, Schedule | are Rhincodon typus (Whale shark),
Anoxyprisits cuspidata (Pointed saw fish), Prisits microdon (Large tooth sawfish), Prisitis zijsron
(Longcomb sawfish), Carcharhinus hemiodon (Pondicherry shark), Glyphis gangeticus (Ganges shark),
Glyphis glyphis (Speer tooth shark), Himantura fluviatilis (Gangetic sting ray), Rhynchobatus djiddensis
(Giant guitarfish) and Urogymnus asperimus (Thorny ray).

Ornamental fish

The Gulf of Mannar, Palk bay, Gulf of Kutch, South West coast and the Lakshadweep and Andaman
group of Islands are known to be rich in Ornamental fishery. The Wrasses, Damsel fish, Surgeon, Butterfly
fish, Moorish idol, Squirrel fish, Trigger fish, Rabbit fish, Parrot fish, Angels, Goat fish and Puffer fish are
the major aquarium fishes represented by about 180 species. As the majority of these fishes is associated
with coral reefs and those in great demand are not very abundant, their exploitation may disturb the
habitats and result in depletion of stock, if a suitable mechanism for sustainable exploitation for example
sample traps, monitoring the exploitation and export are not developed. The seahorses and pipefishes
are known to live in seagrass beds, mangroves and reefs in most shallower coastal waters of the
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temperate and tropical regions. About 300 species of ornamental fishes from 30 genera are known.
CITES have listed all the seahorses in the Appendix | to stop the trade of these organisms. Indian wild
Life Act 2002 also protects the seahorse by putting them in Schedule list I. Dried seahorse has got a high
demand in Singapore and China for making soup and for medicinal purposes.

Ecosystem Diversity
Gujarat coast

Gujarat has the longest coastline of more than 1,600 km and the most extensive continental shelf
of nearly 1,64,000 km?, which represents nearly 20% and 32 % of India’s coastline and continental shelf.
The EEZ of Gujarat covers 2,14,000 km. The coast has broadly been divided into four sections: the Gulf
of Kutch, the Saurashtra coast, the Gulf of Khambhat and the South Gujarat coast. The ecological
importance is that India’s first Marine National Park was notified in the Gulf of Kutch. In the ecological
sense, the habitats exhibit considerable diversity and they include mangroves, salt marshes, coral
reefs, beaches, dunes, estuaries, intertidal mudflats, gulfs, bays and wetlands. Gujarat has India’s
second largest extent of area under the mangroves. Gulf of Khambhat (Gulf of Cambay) is 190 km wide
at its mouth between Diu and Daman, rapidly narrows to 24 km. The gulf receives many rivers, including
the Sabarmati, Mahi, Narmada, and Tapti. The Gulf of Kutch is rather shallow with a depth of nearly 60
m at the mouth to less than 20 m near the head. The total gulf area is about 7,350 km?. In the Gulf of
Kutch, there are 42 islands & some islets, covering a total area of about 410.6 km?.

About 306 fish species are listed from the sea and coastal waters of Gujarat. Some of the important
group of fishes that are occurring in the Arabian sea and also ventured into Gujarat waters include
sharks, rays, sea horses, catfishes, groupers, ribbon fishes, jewfishes, mullets, puffer fish, coral fish,
lady fish etc. Out of total 306 reported species, 23 fish species were found in the IUCN’s Red Data list.
Importantly, 9 of these species belong to shark families, including the whale shark, are also listed in
Schedule | of Wildlife Protection Act, 1972. The fishery at present is dominated by fishes like ribbon
fishes (Trchiurus lepturus), Bombay duck (Harpodon nehereus), croakers, carangids, threadfin breams,
lizard fishes, tuna (Euthynnus affinis, Thunnus tonggol, Katsuwonus pelamis, Thunnus albacores and
Sarda orientalis), seerfish, pomfrets, catfish, flatfishes and non penaeid prawns. The Bombay duck
(Harpodon nehereus) fishery was dominant at Nawabunder, Rajpara and Jaffrabad along the Saurashtra
coast.

Mumbai coast

The Maharashtra coast that stretches between Bordi/Dahanu in the North and Redi/Terekhol in the
South is about 720 km long and 30-50 km wide. The shoreline is indented by numerous west flowing river
mouths, creeks, bays, headlands, promontories and cliffs. There are about 18 prominent creeks/estuaries
along the coast many of which harbor mangrove habitats. Bombay duck fisheries form the mainstay of
the commercially important fisheries of the coast from Ratnagiri to Broach. The coastline between
Bombay and Kathiawar is found to be productive for Sciaenids, Leptomelanosoma indicus (=Polynemus
indicus), Polynemus spp., perches and eels. The Gulf of Cambay and North Bombay coast are also rich
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in Bombay duck fisheries. About 285 species have been reported from the coast. Major finfishes along
this coast was Bombay duck, ribbonfish, sharks, pomfrets, lizardfish, catfishes, oil sardine, anchovy,
barracudas, fullbeaks, sailfish, Cobia, wolf herring, groupers, whitefish and mackerel.

Konkan coast

The Konkan coast stretches like a beautiful chain of 720 km formed from the coastal districts of the
states of Maharashtra, Goa and Karnataka. Many river mouths, creeks, small bays, cliffs and beaches,
interspersed with historic forts, lend an alluring charm to this landscape. Konkan is also rich in coastal
and marine biodiversity. Mangrove forests, coral reefs, charismatic marine species like dolphins, porpoises,
whales, sea turtles, many species of coastal birds and other fauna make the Konkan coast a veritable
treasure trove biological diversity. The Malvan Marine Sanctuary has spread over 29 km?; the sanctuary
is rich in coral and marine life. The Karwar group of islands with its unique rocky with sandy shore
supports a wide range of fauna. There are more than 170 different species of food fishes landing in the
coast and is famous for its large shoals of mackerel, Rastrelliger kanagurta dominating the coasts of
Karnataka. Qil sardine along with Sardinella fimbriata, anchovies, clupeids, ribbonfishes, seerfishes,
Lactarius lactarius, carangids, pomfrets, croakers, catfish, whitefish, flatfishes, silver bellies also
contribute much to the fisheries of both the coasts.

Malabar Coast

Characteristic features of the Malabar Coast are the upwelling, southwest monsoon, northeast
monsoon, mud-bank along the southwest coast and high coastal production. Upwelling occurs in the
region between Kanyakumari and Karwar during the onset of southwest monsoon. It starts in the
southern region first and then extends northwards with the progress of southwest monsoon. Southwest
monsoon season is the period when mud-banks are formed in some places along the southwest coast of
India especially the Kerala coast. Mud banks of the Alleppey region is formed by the subterranean mud
and the Vembanad lake system provides the mud for this. The mud-banks between Parapanangadi and
Tanur are the aggregation of coastal mud. The mud-banks at Chellanam, Narakkal, Valappad, Elathur,
Quilandy, Muzhuppilangadi, Kottikalam, Anjur, Adakathubali, Kumbala, Uppala and Ullal are formed by
the sediments and organic debris discharged from river and estuaries. Mud-banks at Vypeen are formed
from dredging operation. Along the southwest coast in India the maximum production of phytoplankton
takes place during the southwest monsoon months.

The peak of plankton biomass is observed during peak southwest monsoon and pre-monsoon periods
that is during and after upwelling, while the abundance of fish eggs and larvae shows peak during the pre-
monsoon. Thus, it is well known that the intensity of southwest monsoon plays an important role in the
fluctuation of the fishery resources especially the pelagic fishes. The fish diversity occurs at the mud banks
are characteristic of the fishing grounds off the south-west coast of India. About 50 species of fish were
recorded from these regions. Fishes of the families Carcharhinidae, Clupeidae, Dussumieriidae, Engraulidae,
Chirocentridae, Bagridae, Hemiramphidae, Sphyraenidae, Mugilidae, Polynemidae, Ambassidae, Terapontidae.
Sillaginidae, Lactaridae, Siganidae, Carangidae, Gerridae, Leiognathidae, Pomadasydae, Sciaenidae,
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Trichiuridae. Scomberesocidae, Stromateidae, Cynoglossidae, Chirocentridae and Drepaneidae were come
across in the landings.

Lakshadweep

The Union territory of Lakshadweep consists of 36 islands covering an area of 32 km? of which 10
islands are inhabited, 20,000 km?2 of lagoons and 4,000 km? oceanic zones. Among the fishes of
Lakshadweep, those of ornamental value are abundant. Of the 603 species of marine fishes belonging to
126 families that are reported from the islands, at least 300 species belong to the ornamental fish
category. Oceanic species of tuna such as Skipjack and Yellowfin tuna constitute the major tuna resources
from Lakshadweep Islands. The main economy of the islanders is dependent on the tuna catch and
fishing is done for nearly six months of the year from October to April. The most common species of
sharks that occur in Lakshadweep are the Spade-nose shark/Yellow dog shark, and the Milk shark. The
Blacktip Shark and Hammerhead shark are also commonly found in the waters around Lakshadweep.

Gulf of Mannar

The Gulf of Mannar located in the Southern part of the Bay of Bengal with a string of 21 islands
which has been declared as a marine National Park under the Wild Life (Protection) Act 1972 by the
Government of India. The reserve covers 10,500 km?, which comprises of a variety of sensitive marine
habitats like coral reefs, mangroves and sea grasses, and could be considered as one of the most
productive ecosystems. The core area of the reserve is comprised of a 560 km? of coral islands and
shallow marine habitat. The Gulf of Mannar alone produces about 20% of the marine fish catch in Tamil
Nadu. A total of 1,182 species belonging to 476 genera in 144 families and 39 orders was reported from
GOM ecosystem. The finfish resources, mainly comprises of small pelagics, barracudas, silverbellies,
rays, skates, eels, carangids, flying fish, full beaks and half beaks. The demersal finfish resources,
mainly associated coral reefs are threadfin breams, grouper, snappers, emperor and reef associated
fishes. Further, large pelagic species like skipjack tuna, yellowfin tuna, bigeye tuna, kawakawa, frigate
tuna and seer fish, bill fishes, eagle rays are most abundant in offshore and oceanic areas, but also
occur in coastal waters are found in certain areas of the Gulf of Mannar.

Palk Bay

Palk Bay is situated on the southeast coast of India encompassing the sea between Point Calimere
near Vedaranyam in the north and the northern shores of Mandapam to Dhanushkodi in the south. The
Palk Bay itself is about 110 km long and is surrounded on the northern and western sides by the coastline
of the State of Tamil Nadu in the mainland of India. The coastline of Palk Bay has coral reefs, mangroves,
lagoons, and sea grass ecosystems. Elasmobranchs are the largest group of fishes and are well represented
in the fishery wealth of the Rameswaram Island on the Palk Bay side. This is one of the best fishing
grounds for smaller sardines, silver bellies, common white fish and half beaks, mullets and sciaenids.
The common fishes found in this area also include Sharks, Rays, Skates, Tiger-sharks and Hammer-
headed sharks.
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Coromandel Coast

Seer fishes are most abundant in the Coromandel Coast of Tamil Nadu along with miscellaneous
fisheries formed of trichurids and percoids. The flying-fish fishery is an important seasonal fishery on
the east coast of India extending from Madras to Point Calimere along the Coromandel Coast. Three
species of flying-fish, viz., Hirundichthys coromandelensis, Cheliopogon spilopterus and C. bahiensis,
are generally found in these waters, but more than 90% of the catch consists of C. coromandelensis.

Deep-sea fish diversity

A first authentic record of the deep-sea fishes from India was by Alcock in the book A Descriptive
Catalogue of the Indian deep-sea fishes in the Indian museum based on the fishes collected during the
explorations in the Indian Ocean by RIMS Investigator (1889-1900). Then comes the results of R.V.
VARUNA cruises (1962-1968) showed the presence of Anodontostoma chacunda, Atropus atropos,
Benthodesmus tenuis, Brachirus orientalis, Chlorophthalmus agassizi, C. corniger, Carangoides
malabaricus, Caranx kalla, Centropristis investigatoris, Chascanopsetta lugubris, Chlorophthalmus
corniger, Cubiceps natalensis, Cynoglossus bilineatus, C. semifasciatus, Decapterus russelli, Drepane
punctata, Epinnula orientalis, Goniolosa manmina, Grammoplites scaber, Himantura urnak, Holocentrum
rubrum, J. diacanthus, Johnius dussumieri, Kowala coval, L. argentimaculatus, L. bindus, L. johni, L.
kasmira, L. malabaricus, Lactarius lactarius, Leiognathus splendens, Lepidopus caudatus, Lepturacanthus
savala, Megalaspis cordyla, Myripristis murdjan, Nemipterus japonicus, Netuma thalassinus,
Opisthopterus tardoore, Otolithes argentatus, P. sexifilis, Parastromateus niger, Paseneopsis cyanea,
Pastinachus sephen, Pellona ditchela, Polymixia nobilis, Polynemus plebius, Pomadasys hasta, Psenes
indicus, Pseudorhombus arsius, Rexea prometheoides, Rhynchobatis djiddensis, Saurida tumbil, Scoliodon
palasorrah, Scyllium hispidum, Sillago sihama, Solea elongata, Sphyraena acutipinnis, Synagrops
japonicus, Synodus indicus, Thrissocles mystax, T. malabarica, Trichiurus lepturus and Tylosurus
crocodilus from the depth zone of 1 to 450m.

A checklist of fishes of Indian EEZ was published based on the surveys of FORV Sagar Sampada in the
EEZ of India during 1985-’87. This list is arranged alphabetically by families and genera. The list contains
242 species belonging to 87 families with both conventional and nonconventional fish fauna of the
Indian EEZ with the scientific and common names of fishes, details of the depth of occurrence, depth of
fishing, position and the gear were also included. The study by Hashim (2012) reported and the occurrence
of 188 species of deep-sea fishes from Indian EEZ during the exploratory surveys. Deep sea fish species
like Psenopsis cyanea, Bembrops caudimacula, Chlorophthalmus bicornis, C. agassizi, Uranoscopus
archionema, Gavialiceps taeniola, Priacanthus hamrur and Neoepinnula orientalis were found to be
the most abundant during the study. Hashim (2012) observed a highest diversity in Arabian Sea (4.95)
followed by Andaman Waters (4.12) and Bay of Bengal (3.55).

Biodiversity conservation

The exploited marine fisheries resources from the Indian EEZ area have been reached maximum
from the present fishing grounds up to 200 m depth. The coastal fisheries faces several threats such as
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indiscriminate fishing, habitat degradation, pollution, social conflicts, the introduction of highly
sophisticated fishing gadgets with a need for management measures and conservation of marine
biodiversity to maintain sustainable use of marine biodiversity. A total of 65 species of fishes is under
the threatened category of IUCN from the Indian seas (Table 2).

Table 2. Threatened fishes from the Indian seas (1,2 )

Species Family Threat Category
1 Aetobatus flagellum Myliobatidae Endangered (EN)
2 Aetomylaeus maculatus Myliobatidae Endangered (EN)
3 Aetomylaeus nichofii Myliobatidae Vulnerable (VU)
4 Alopias pelagicus Alopiidae Vulnerable (VU)
5 Alopias superciliosus Alopiidae Vulnerable (VU)
6 Alopias vulpinus Alopiidae Vulnerable (VU)
7 Anoxypristis cuspidata Pristidae Endangered (EN)
8 Balistes vetula Balistidae Vulnerable (VU)
9 Carcharhinus albimarginatus Carcharhinidae Vulnerable (VU)
10 Carcharhinus hemiodon Carcharhinidae Critically Endangered (CR)
11 Carcharhinus longimanus Carcharhinidae Vulnerable (VU)
12 Carcharhinus obsucurus Carcharhinidae Vulnerable (VU)
13 Carcharhinus plumbeus Carcharhinidae Vulnerable (VU)
14 Carcharias taurus Odontaspididae Vulnerable (VU)
15 Carinotetraodon travancoricus  Tetraodontidae Vulnerable (VU)
16 Centrophorus squamosus Centrophoridae Vulnerable (VU)
17 Chaenogaleus macrostoma Hemigaleidae Vulnerable (VU)
18 Cheilinus undulatus Labridae Endangered (EN)
19 Cromileptes altivelis Serranidae Vulnerable (VU)
20 Epinephelus lanceolatus Serranidae Vulnerable (VU)
21 Epinephelus marginatus Serranidae Endangered (EN)
22 Etroplus canarensis Cichlidae Endangered (EN)
23 Glaucostegus granulatus Rhinobatidae Vulnerable (VU)
24 Glaucostegus typus Rhinobatidae Vulnerable (VU)
25 Glyphis gangeticus Carcharhinidae Critically Endangered (CR)
26 Gymnura zonura Gymnuridae Vulnerable (VU)
27 Hemigaleus microstoma Hemigaleidae Vulnerable (VU)
28 Hemipristis elongata Hemigaleidae Vulnerable (VU)
29 Himantura gerrardi Dasyatidae Vulnerable (VU)
30 Himantura leoparda Dasyatidae Vulnerable (VU)
31 Himantura polylepis Dasyatidae Endangered (EN)
32 Himantura uarnak Dasyatidae Vulnerable (VU)
33 Himantura undulata Dasyatidae Vulnerable (VU)
34 Hippocampus histrix Syngnathidae Vulnerable (VU)
35 Hippocampus kelloggi Syngnathidae Vulnerable (VU)
36 Hippocampus kuda Syngnathidae Vulnerable (VU)
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37

Hippocampus trimaculatus

Syngnathidae

Vulnerable (VU)

38

Hyporhamphus xanthopterus

Hemiramphidae

Vulnerable (VU)

39

Isurus oxyrinchus

Lamnidae

Vulnerable (VU)

40

Lamiopsis temminckii

Carcharhinidae

Endangered (EN)

41

Makaira nigricans

Istiophoridae

Vulnerable (VU)

42

Manta birostris

Myliobatidae

Vulnerable (VU)

43

Mobula mobular

Myliobatidae

Endangered (EN)

44

Monopterus fossorius

Synbranchidae

Endangered (EN)

45

Monopterus indicus

Synbranchidae

Vulnerable (VU)

46

Nebrius ferrugineus

Ginglymostomatidae

Vulnerable (VU)

47

Negaprion acutidens

Carcharhinidae

48

Oostethus insularis

Syngnathidae

(

(
Vulnerable (VU)
Vulnerable (VU)

49

Plectropomus areolatus

Serranidae

Vulnerable (VU)

50

Pristis pectinata

Pristidae

Critically Endangered (CR)

51

Pristis pristis

Pristidae

Critically Endangered (CR)

52

Pristis zijsron

Pristidae

Critically Endangered (CR)

53

Rhina ancylostoma

Rhinobatidae

Vulnerable (VU)

54

Rhincodon typus

Rhincodontidae

Vulnerable (VU)

55

Rhinobatos obtusus

Rhinobatidae

Vulnerable (VU)

56

Rhinoptera javanica

Myliobatidae

57

Rhynchobatus djiddensis

Rhinobatidae

(

(
Vulnerable (VU)
Vulnerable (VU)

58

Sphyrna lewini

Sphyrnidae

Endangered (EN)

59

Sphyrna mokarran

Sphyrnidae

Endangered (EN)

60

Sphyrna tudes

Sphyrnidae

Vulnerable (VU)

61

Sphyrna zygaena

Sphyrnidae

Vulnerable (VU)

62

Stegostoma fasciatum

Stegostomatidae

Vulnerable (VU)

63

Taeniurops meyeni

Dasyatidae

Vulnerable (VU)

64

Thunnus obesus

Scombridae

Vulnerable (VU)

65

Urogymnus asperrimus

Dasyatidae

Vulnerable (VU)

Source : 1. Froese, R. and D. Pauly. Editors. 2017. FishBase. World Wide Web electronic publication. www.fishbase.org.

2. The IUCN Red List. 2017: www.iucnredlist.org
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1. Numerical models and their potential application to marine fish and invertebrate larval transport

The benefit of numerical modelling is that the necessary state variables can be simulated at each
grid point of the study domain. Advanced techniques such as finite element mesh and curvilinear contours
have made modelling of irregular coastline easier and decreased the complexities involved in formulating
the numerical equations.

Biological processes such as fish larval transport can be modelled based on a clear understanding of
the physics of a water body. Knowledge of local hydrodynamics is a pre-requisite to modelling coastal
processes,given that physical drivers such as tides and currents control them. There is a major role of
diffusion and related physical processes in dispersal and recruitment of marine populations (Okubo,
1994). Tidal flows can move larvae passively in peak tidal velocities (Levin, 1990; Gross et al.1992).
Physical processes influence the distribution of larval fish on a variety of scales, ranging from few
meters to thousands of kilometers (Bruce et al. 2001; Hare et al. 2002). There are few larval transport
studies in the coastal waters in particular regions (Moser and Smith, 1993; Oliver and Shelton, 1993;
Grothues and Cowen, 1999; Hare et al. 2001). Tworelated studies are discusssed in the following section.

2. Geo-Physical datasets from SRS in the context of marine fisheries research and management

SRS datasets are often used in empirical or semi-analytical validated models, either to extrapolate
regional datasets in space or to generate derived geo-physical products. A simple example for this can
be the summation of thermal signals from different wavelengths for generation of SST. In a similar way,
some of the most useful and relevant environmental properties in fisheries research such as sea surface
salinity (SSS), WS and WD, sea surface height (SSH), chlorophyll-a (Chl-a) and Chl-a derived primary
production (PP) are available online as processed and unprocessed geo-physical datasets. These datasets
can be used to advantage in various fisheries research and management programmes. A few such case
studies are illustrated in this section:

3. SRS chlorophyll data providing cues on fish stock variability

Variations between years in the seasonal cycle of SRS Chl-a have been implicated in fluctuations in
fish stock variability (Platt et al.,2003). In this section, we describe the results of an analysis of Chl-a
with Indian oil sardine in the coastal waters of India. Fishing effort in the coastal waters of India
changed little in the period 1998-2006, with 238,772 fishing craft in 2005 (CMFRI, 2005) in comparison
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with 239,000 craft in 1997 (Sathiadhas, 2006). Thus, the variability in sardine landings during the study
period, despite steady fishing effort, indicates that other factors such as environment or food to the
sardines are involved. A correlation analysis between available environmental factors (SST, sea bottom
temperature, surface salinity, surface dissolved oxygen, bottom dissolved oxygen, pH, nutrients,
chlorophyll, zooplankton, rainfall, multivariate El Nifio Southern Oscillation index, coastal upwelling
index, and derived SST) and sardine catch from the study area emphasised the high significance of
chlorophyll compared with other environmental factors in explaining the variability in sardine catch
(Krishnakumar and Bhat 2008). Using their fine branchial apparatus, sardines feed predominantly on
phytoplankton and zooplankton.In a given area, Chl-a is a good index of the food availability to sardines.
Summer surface Chl-a from the study area lies in the range 0.1 to 5 mg/m3, and can be very high, from
5 to 10 mg/m3, during bloom periods. Given the wide dynamic range of chlorophyll concentration in the
coastal waters of southwest India and the dominant role of chlorophyll as a determinant of variability in
sardine stocks, it seems likely that much will be gained in studying this link in detail.

Algal bloom in the study area often occurs during upwelling. Upwelling in the waters of the southwest
coast of India (5 to 15°N latitude)and the variability in local physical parameters drives changes in the
chlorophyll concentration(Smitha et al. 2008). Physical processes affect not only the magnitude of the
plankton biomass, but also its species composition (Huntsman et al. 1981), which may in turn affect
larval fish feeding and survival (Lasker 1975; Simpson 1987). According to the Hjort-Cushing match-

mismatch hypothesis (Hjort 1914; Cushing1974; 1990), the survival rate of fish larvae is a function of
thematch between timing of hatching of eggs and initiation of spring phytoplankton bloom. The advent
of SRS provides information at the appropriate temporal and spatialscales for testing this hypothesis
(Platt et al. 2007). With SRS, it is possibleto characterize the spring bloom objectively based on the
timing of initiation, amplitude and duration. The statistical moments of all of these properties, and
their inter-annual variation, can be calculated and the results used to analyze the effect of ecosystem
fluctuations on exploited fish stocks (Platt et al. 2003).

The case study presented below deals with the interannual variability of Indian oil sardine (Sardinella
longiceps) stock in the southwest coastal waters of India and its relationship with the phytoplankton
bloom characteristics computed from SRS,with a view to explain larval survival and inter annual variability
at the synoptic scale (Grinson et al. 2012). The life cycle of sardines includes an active breeding season
from May to September. This coincides with the high chlorophyll concentration seen during May to
September every year.Thus, we find a probable connection between the life history of sardines and
phytoplankton bloom dynamics. This supports the finding that thefish itself times its breeding and
adjusts its migration to exploit the productive southwest monsoon period. In this study, magnitude of
the bloom during initiation month is selected for characterization of bloom, which naturally falls in the
month of May every year. May is the most critical month for sardines because both bloom initiation and
the beginning of sardines’ active breeding phase occur during this month. A delay in the initiation of
bloom in the area results in a delay in the onset of suitable conditions for survival of sardine larvae
(Grinson et al. 2012).
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4. Reef Health Advisories Using SRS Derived SST

Globally, there are several instances of mass coral bleaching incidents leading to heavy reef mortality
(Krishnan et al. 2011). The application of SRS providessynoptic views of the global oceans in near-real-
time for monitoring the reef areas (Liu et al. 2003; Bahuguna et al. 2008; Mahendra et al. 2010). SST
during night time is an important parameter for assessment of the thermal conditions inducing the
bleaching. SRS provides SSTinformation during day and night routinely, facilitating the development of
a coral reef bleaching warning system to generate early warning advisories/bulletins in near realtime.The
estimation of monthly maximum mean using night time SST climatology retrieved using NOAA, AVHRR is
used for generating reef health advisories to eliminate the effect of solar glare and reduce the variation
in SST caused by the heating during day time. Threshold hotspot (HS) and daily heating week (DHW)
values for a region are calculated the advisory (Mohanty et al. 2013). Depending on the intensity of HS
and DHW there can be advisories such as ‘no stress’; ‘watch’; ‘warning’ and ‘alert levels-1 & II’ which
progressively indicate the severity of a potential bleaching event. Based on this study INCOIS offers reef
stress advisories to alert the reef managers to take appropriate measures to reduce the damage caused
to reefs during bleaching events.

5. SRS Data for cyclone tracks creating productive fishing grounds

Even though cyclones are devastating, there are some positive effects of cyclones on the fishery.
Study of the effect of tropical cyclones on biological processes has gained momentum in the recent
past. In thermally-stratified coastal waters, cyclones trigger the breaking up of nutrient-depleted surface
waters and bring in nutrient-rich sub-surface waters inducing sudden algal blooms and enhancing the
regional scale PP. The effect of physical forcings on PP, its variation and associated hydrography in the
south western Bay of Bengal during the southwest monsoon (July) and post-cyclone period (November)
of 1999 was studied by Madhu et al. (2002). In the postcyclone period, the combined effects of well-
mixed coastal waters and freshwater injection from the land runoff associated with the cyclone brought
nutrients to the mixed layer, which enhanced PP. Potentially, such enhancement of PP results in improving
the regional fishery. But cyclone tracks alone will not provide the information on enhanced PP. SRS is
able to detect the environmental changes caused by tropical cyclones. Geo-physical data sets from SRS
are useful in such studies for indicating possible productive fishing grounds after a lag following the
cyclone (Rao et al. 2006).

6. Demarcation of ecological provinces in support of an ecosystem approach to fisheries management

Globally, the ecosystem approach to fisheries management (EAFM) is preferred as a basis for
sustainable management of fish stock (Garcia et al. 2003). In this context, it is usefulto have a spatial
structure for global oceans defined on the basis of ecological provinces rather than geo-political
considerations. There are various approaches for classifying the global oceans into ecological provinces
(Ekman 1953; Margelef 1961; Yentsch and Garside 1986; Cushing 1989; Fanning 1992; Sathyendranath et
al. 1995). The classification by Longhurst et al., (1995) is the most comprehensive, identifying some 50
biogeochemical provinces globally (Longhurst et al. 1995).Some other methodologies require huge data
sets for demarcating ecological provinces (Hooker et al. 2000; Li et al. 2004; Alvain et al. 2005; Sherman
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et al. 2011). Butthere is lack of in situ data to suppport these approaches. As oceanic realms are
dynamic, there are logistic issues in sampling. Consequently, SRS data are very useful to clasification
protocols. PP derived from SRS can be a very useful input as PP provinces subsume many oceanographic
forcing mechanisms on synoptic scales (Platt and Sathyendranath 2008). These ecological provinces are
useful in fisheries management as the physical processes and the ecosystems in each province support
characteristic fisheries different from those in nearby provinces (Stuart et al. 2011). Beyond static
partitioning, there is a further goal for dynamic bio-geography at regional scales that would incorporate
complexities of a dynamic marine environment and their effect on the phytoplankton. SRS will be an
invaluable source of inputs in case of such partitioning. Changes in spatial extent of the ecological
provinces arising from temporal variations in physical forcing can be captured in a SRS climatology of
ocean colour.

7. Coupling modelled and SRS data for effective fishery management

So far in this chapter, we have discussed the usage of environmental data sets from models and SRS
for various aspects in fisheries research and management. But lack of environmental time series data
sets pointed to the need for more data. Coupled with SRS, numerical modelling is an alternative tool to
generate environmental and biological datasets, which can help to mitigate problems arising from data

gaps.

7.1. Trophic modelling using SRS data as an ecosystem approach to fisheries management

Trophic levels in the marine ecosystem are similar to those in terrestrial systems starting with
primary producers and ending in scavengers. But,the trophic structure in marine systems is web like,
rather than a linear food chain. Fishing often alters the ecosystem structure. Trophic webs will respond
differently to fishing depending on whether the target species is a predator or prey species. Single-
species fish stock-assessment models ignore food web interactions. Ecosystem based fish stock
assessement is offered as another option. EAFM models often resort to SRS-based PP as an input for
forcing at the base of the food web to investigate energy transfers and biomass in an ecosystem without
fishing, from lower to upper trophic levels (Chassot et al. 2011).

7.2. Generating potential fishing zones (PFZ) and their dissemination along with ocean state forecasts
(OSF)

Identification of PFZ involves an understanding of oceanic processes and interaction of hydro-
biological parameters (Desai et al. 2000). The forage base and the physical gradients of temperature
and Chl-a help the predatory fish to locate their prey and the same cues are used by fishermen. A
number of studies have examined the use of SRS as an aid to locate more productive fishing areas
(Waluda et al. 2001). Indian Remote Sensing Satellite P4 Ocean Colour Monitor (IRS P4 OCM) derived
chlorophyll concentration and National Oceanographic Aerospace Administration Advanced Very High
Resolution Radiometer (NOAAAVHRR) derived SST images have been used to characterise the relationship
between the biological and physical variables in coastal waters and it was observed that chlorophyll
concentration and SST were inversely correlated with each other (Solanki et al. 1998). The relationship
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between these two parameters was estimated by a clustering technique called ARNONE (NCAER, 2010)
and the matching features were selected for generating integrated PFZ forecasts from the composite
images on the basis of latitude and longitude (Solanki et al. 2005; NCAER 2010).

Validation of studies of PFZ forecasts have shown that the forecast may lead to substantial increase
in fish catch (Solanki et al. 2001; 2003; Nayak et al. 2003). PFZ forecasts in near-real time indicating
the likely availability of fish stocks for the next 2days are disseminated in the Indian EEZ by INCOIS to
about 225 nodes for operational use (Nayak et al. 2003). A significant increase in total catch by following
PFZ forecasts has been documented from ANI (Grinson-George et al. 2011, 2013).

7.3. Detection of meso-scale features such as eddies and fronts that may Indicate productive fishing
grounds

Oceanographic features such as eddies, currents and meanders are pervasive features in the world’s
oceans. These conspicuous hydrographic features influence the horizontal and vertical distributions of
the chemical (e.g. nutrients), physical (e.g. SST) and biological (e.g. Chl-a) properties in pelagic systems
(Yoder et al. 1981, Seki et al. 2001). Eddies have been found tobe localized regions of higher PP leading
to aggregation and development offorage species base communities. The presence of mesoscale eddies
and their detection by the fishing fleet is an important factor in fishery performance, leading to increased
catch per effort for most pelagic species (Laurs et al. 1984).The influence of mesoscale processes at
fronts, such as the formation ofrings, meanders and streamers arising or breaking off from these dynamic
current systems, has also been shown to be important in shaping the distribution of pelagic fish and
shellfish (Waluda et al. 2001). Studies linking the physical oceanographic processes with fish have been
carried out around the major boundary currents and related mesoscale processes, such as in the fishing
grounds associated with Kuroshio frontal regions (Yokouchi et al. 2000), mesoscale eddies and pelagic
fisheries off Hawaiian waters (Seki et al. 2001), upwelling and longline fishery of Portuguese waters
(Santos et al. 2006), Atlantic tuna and Gulf of Mexico circulation (Block et al. 2005), oceanographic
conditions of spawning grounds of bluefin tuna in the NE Indian ocean (Matsuura et al. 1997), bluefin
and frigate tunaspawning along the Balaeric archipelago (Garcia et al. 2003) and tuna exploitation near
the mesoscale processes near the Sechelles (Fonteneau et al. 2006).

The chlorophyll-SST based advisories depend on the surface manifestation byalgal blooms and thermal
fronts which result from eddies and upwelling. Using altimetry data however, one would be able to follow
the evolution of feature from inception to maturation and dissipation with time. There is a time lag
between physical upwelling of nutrients to the ocean surface and development of phytoplankton blooms,
and subsequently the aggregation of planktivorous and piscivorous fish. Altimetry data helps to identify
the fish-aggregating meso-scale features from the outset giving valuable time to forecast and exploit the
consequences. Difficulties in getting cloud free imageries sometimes limits the scope of this approach.
Altimetrydata, especially the SSH have been useful to study the physical oceanography and mesoscale
circulation. Advances in SRS altimetry are making it possible toextend the information to the coastal
areas where the fishermen are most active. Inputs from the altimetry data on the mesoscale features can
be used to augment the PFZ advisories and also provide data during cloud cover.
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7.4, Forecasting cyclones and ocean state to reduce Impacts on coastal fisher folk and resources

Apart from elucidating the areas of likelihood of fish/ shellfish distributions during the PLD phase,
the wind models used for generating wind inputs in simulation of physical process can be utilized for
studying cyclone tracks. Fisheries is one of the sectors with high occupational hazard. The extent
ofdirect mortality caused by storms at local or regional scales is severe (Gardner et al. 2005; Done
1992). OSF derived as products of numerical models are provided as input to fishermen to mitigate this
risk. OSF provides wave and swell height as well as period, WS as well as wind direction (WD), Tsunami
and rough sea warnings and coastal current details. To ensure safe navigation and operations at sea, and
to forewarn the fishermen community, INCOIS started the OSF service in 2005 by issuing forecasts seven
days in advance and at three hourly intervals, with daily updates. Fishermen utilize these forecasts to
guide their daily operational activities and to ensure safe navigation. Though international agencies
such as National Centres for Environmental Prediction (NCEP), USA and European Centre for Medium-
Range Weather Forecasts (ECMWF) and UK issue sea state forecasts based on models such as WAVEWATCH
Il and WAM, these forecasts are for the open ocean. The INCOIS model provide accurate location-
specific forecast in the coastal waters using high resolution local bathymetry, and tuning them using
observed wave measurements. Real-time and on-line validation of the forecast products is disseminated
through various means by INCOIS (Nair et al. 2013).

Cyclones also render coastal resources vulnerable.The ecological effects of cyclones on coral reefs
have been reviewed by Harmelin-Vivien (1994). Tropical storms cause severe damage to the reefs; their
impacts include the removal of reef matrix, scouring and fragmentation (Rogers et al. 1991;Done 1992),
deposition of loosenedmaterial onto beaches above sea level or transporting it into deeper sub-reef
environments (Done 1992).The reefs in Andaman and Nicobar Islands (ANI) suffered severe damage
following a tropical cyclone in the Bay of Bengal off Myanmar coast during13-17 March 2011 (Krishnan
et.al. 2012).The investigation exposed the vulnerability of the reefs to oceanographic features which
generally remain unnoticed unless they directly affect the life or the property of coastal inhabitants.
The wind tracks of cyclone were generated using weather research and forecasting (WRF) models which
clearly indicated the passage of cyclone where reefs suffered damage.

7.5. Estimation of potential fishery resources of an Exclusive Economic Zone (EEZ) for fishing fleet
management

Global marine fish production increased from less than 20 million tons per year in early 1950’s to
average around 90 million tons per year during the last decade. If the unreported and discarded catches
are also taken into account, the global catches will be around 120 million tons per year (Zeller et al.
2005). The general trend in shortfall from traditional fishing grounds in the EEZ’s of developed countries
is compensated by the increasing exploitation of resources in developing countries. The United Nations
Convention on the Law of the Sea (UNCLOS) bestows the coastal states with the right to exploitation
and responsibility for management of fishery resources of their EEZs. Observations are of paramount
importance for managing the resources, and there is a need to establish acccurate catch data collection
systems. Fish captured are considered to reflect fish abundance in coastal waters. From marine fish
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catch data, we can estimate the potential harvestable fish by plotting the catch effort curve, and
estimate the maximum sustainable yield (MSY). But, mere post-mortem analysis of landed fish may lead
to imperfect estimates as fish catch data without geotags of catching locations may not provide samples
representative of the stock in the sea. Therefore, an estimate of harvestable fish based on in situ water
productivity, taking into account the tropho-dynamics in the EEZ may afford very useful complimentary
information.

Chlorophyll, which is an index of algal biomass (ML-3) present in a water column (L) is a prerequisite
for primary production and subsequent fish production (ML*T-') which is the annual rate of production
of fish biomass per unit area of sea bed. The importance of the potential link between PP and fish was
understood decades ago (Ryther 1969), but the advent of SRS Chl-a and modelled PP data sets now
available on global and meso-scale prompted policy planners to utilize this for estimation of fishery
potential in the EEZ. Past studies relied on in situ datasets resulting from different sampling and processing
methods and were generally characterized by low spatiotemporalsampling coverage. SRS Chl-a data are
now basic to cross-trophic-level analyses of ecosystem production,structure, and function because of
the easy and free availability of a wide-ranging, high resolution, and consistent sampling framework
(Platt et al. 2007) at a reliable accuracy.
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Introduction

Increasing atmospheric greenhouse gas concentrations as a consequence of anthropogenic activities
have resulted in warming of climate systems or global warming. Over the past 100 years the average
global air temperature near the earth’s surface has been estimated to increase at the rate of 0.74 +
0.18°C (IPCC, 2007). In the 5" Assessment Report by the Intergovernmental Panel on Climate Change
report (IPCC, 2014), climate model projections indicated that the global surface temperature during
the 215t century is likely to rise a further 0.3 to 1.7°C for the lowest emissions scenarios and 2.6 to
4.8°C for the most severe emissions scenarios. Fifteen of the sixteen warmest years have occurred
since 2001 in the instrumental record of global surface temperature since 1850. Climate change and its
associated impacts are increasingly being felt in many parts of the globe, and are predicted to lead to
adverse, irreversible impacts on the earth and the ecosystem as a whole. Although it is difficult to
connect specific weather events to climate change, increases in global temperature has been predicted
to cause broader changes across the globe including glacial retreat, arctic shrinkage and worldwide sea
level rise (Mohantyet al., 2010).

Fig. 1. Flow chart of climate change impacts on fisheries
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Impacts of climate change on fishery habitat

Marine ecosystems are not in a steady state, but are instead in constant flux, affected by the
environment, which varies on many spatial and temporal scales. Fish populations respond to variation in
different ways. Variations may have unforeseen impacts, including cyclic changes in the production
level of marine ecosystems that favor one species or group over another. Wetlands of the nation are in
great threat due to climate change. The hydrology and influx of wetlands are largely affected due to
climate change induced rainfalls, floods and droughts. The physico-chemical and microbiological profiles
of wetlands are also significantly affected, thereby changing the suitability of wetland for fish farming
practices.

Sea Surface Temperature (SST) increase

Temperature is likely the single most important factor in among the environmental variables affecting
the growth and development of aquatic organisms. Earth has been in radiative imbalance since at least
the 1970s, where less energy leaves the atmosphere than enters it with most of this being absorbed by
the oceans (IPCC, 2014). Northern Indian Ocean has been identified as one of the 17 climate change
hotspots among world oceans. These areas will warm faster than 90% of the world oceans. Long-term
climate change is likely to impact marine environments and their capacity to sustain fish stocks. Variation
of Sea surface Temperature (SST) along Indian seas from 1976 to 2015 revealed that SST increased along
all coasts with the highest increase along the southwest coast of India (SWI). The rate of change in SST,
though, was highest in northwest India followed by southwest India. The rate of change in SST over
Indian Seas revealed that west coast has suffered a higher impact than in the east coast of India.

Ocean acidification

The ongoing reduction in the pH of the Earth’s oceans presents a significant challenge to the
survival of marine fish. Seawater, by absorbing carbon dioxide and forming carbonic acid, is slowly
dropping in pH from its natural, slightly basic state towards pH neutral conditions. The pH of the oceans
has dropped to around 8.069 from a pre-industrial age state of 8.179. A total change of -0.355 to 7.824
by 2100 has been estimated by various studies.

Studies indicated an increasing trend in the annual number of instances when pH of surface waters
off Kochi was less than 6. Analysis of the instances of low pH values of surface waters in three depth
zones viz., 10m, 20m and 30m during the period 2005 to 2012 has indicated that in the year 2012, pH of
surface water at 10m depth zone was low for a considerably longer period than in the previous years
(CMFRI-NICRA, 2013).

Coral bleaching

Elevated water temperatures result in coral bleaching that result in the expulsion of the symbiotic
zooxanthellae from the tissues of coral. Between 1979 and 1990, sixty major episodes of coral bleaching
were recorded, and in 2016 the longest coral bleaching event on record was observed. Several studies
relate bleaching events with global warming and climate change during the last few decades (Lixet al.,
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2016), and 70% of the reports of coral bleaching at that time were associated with reports of warmer
than normal conditions (Glynn, 1991).

Observations on bleaching events have shown that individual species respond differently to this
change in thermal environment, with higher degrees of mortality typically seen in branching corals such
as Acropora(Mohantyet al., 2013). Successive bleaching events could lead to a reduction in the species
richness of corals in certain global warming hotspots.Coral reef ecosystems support a great diversity of
benthic organisms, of which zoanthids, commonly found among degraded reef ecosystems, compose
the dominant fauna in the rocky intertidal regions. On the Saurashtra coast, in Gujarat, studies carried
out on the distribution and community structure of Zoanthids indicated higher adaptive capacity to
changes in environmental and abiotic conditions in comparison to their counterparts. Coral reefs continue
to suffer due to high nutrient input, bleaching and other anthropogenic activities, leading to shift in
reef patterns towards more aggressive and rapidly growing benthic communities such as zoanthids
(Kumari et al., 2015).

Sea level rise

Sea level rise on long time scales is mainly due to thermal expansion and exchange of water between
the other reservoirs (glaciers, ice caps, etc.) including through anthropogenic change in land hydrology
and the atmosphere. The global average sea level rose at an average rate of 1.8 mm per year over 1961
to 2003. The rate of rise in sea level accelerated during 1993 to 2003, to 3.1 mm per year. The total 20®"
century rise is estimated to be 0.17 m. The movement of the saline water further inland will cause
degradation of estuarine associated habitats that are common nesting and breeding grounds for a wide
variety of marine fish.Sea-level rise estimates for the Indian coast are between 1.06-1.75 mm per year,
with a regional average of 1.29 mm per year, when corrected for GIA using model data (Unnikrishnan
and Shankar, 2007). These estimates are consistent with the 1-2 mm per year global sea-level rise
estimates reported by the IPCC.

Changes in wind speed and direction

As winds are generated by differences in temperature, rising surface temperatures on the earth’s
surface are causing winds worldwide to slow dramatically. Reductions in wind speed by 1-3% are expected
over the next 50 years, and as high as 4.5% over the next 100 years.

Changes in rainfall

Changes in average precipitation, potential increase in seasonal and annual variability and extremes
are likely to be significant drivers of climate change in aquatic systems. Analysis of historical rainfall
data in the Andaman and Nicobar islands revealed that while there has been no change in the amount of
rainfall received, the patterns of rainfall have changed with increase in number of extreme rainfall
events (Velmurugan et al., 2015). Variations in annual rainfall intensity, dry season rainfall and the
resulting growing season length are likely to create impact on fish farming and could lead to conflict
with other agricultural, industrial and domestic users in water scarce areas.
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Impact on fish stock

A metabolic increase of 10% corresponds to a 1°C increase in temperature, implying change in
seawater temperature as low as 1°C could affect the distribution and life processes of fish. This constraint
in physiology will result in changes in distribution, recruitment and abundance. Changes in timing of life
history events with climate change are well documented. Species with short-life span and high generational
turnover such as plankton and small pelagic fishes are most likely to experience such changes. At
intermediate time scales of a few years to a decade, the changes in distribution, recruitment and
abundance of many species will be acute at the extremes of species ranges. Changes in abundance will
alter species composition and result in changes in the structure and functions of the ecosystems. On
longer multi-decadal time scales, fundamental changes in the net primary production and its transfer to
higher trophic levels are possible.

Life history is also likely to be affected by the warming of the Earth’s waters. Many tropical fish
stocks are already exposed to high extremes of temperature tolerance, facing localized extinction,
while others may move towards higher latitudes. Shifts in spawning periods of fishes have already been
observed in a number of commercially important fish stocks, such as threadfin bream (Zacharia et al.,
2016). Changes in distribution patterns of two key species in Indian fisheries have already been established
- migration patterns of the Indian oil sardine and Indian mackerel have changed greatly over the past 50
years (Vivekanandan et al., 2009).

Ocean-atmospheric coupled climate models predict changes in the ocean circulation and subsequent
stimulation of phytoplankton biomass production in nutrient depleted areas in the open ocean. Most
models show decreasing primary production with shifts in assemblages of phytoplankton to smaller
forms, although with high regional variability. Plankton distribution has also been influenced by changes
in sea surface temperature. These changes may affect the distribution of fish stocks that predate on
plankton. Ocean acidification is believed to have negative consequences for marine denizens, particularly
calcifying organisms, subjecting them to the risk of dissolution. Declines in primary productivity have
also been forecast. Vulnerability assessment of marine species along Indian coast based on climate
change impacts categorized fishes as high, medium and low vulnerable species.

Impact on fish stock availability

Evidence exists for increasing damage by extreme weather events, particularly cyclones, over time.
There are various explanations for this, ranging from greater population densities to the wider effects
of climate change (IPCC, 2013). Until mid-1980s, the restricted distribution of oil sardine ensured that
the entire catch of oil sardine was obtained from the southwestern coast of India. North of 14°N, little
to no oil sardine was caught previously. In the last two decades, however, the oil sardine catch from
14°N to 20°N has gradually and consistently increased, contributing 15% to the all-India oil sardine catch
by 2006 (Vivekanandan et al., 2009). Since the catch in the Southwestern regions has not decreased in
overall terms, this represents an extension of the distributional boundaries of the oil sardine.

Studies on the seasonal distribution of skipjack tuna reveal that during winter months, when sea
surface temperature is lower, migration occurs towards offshore areas, and during warmer months,
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migration occurs towards inshore areas during warmer months. Changes in sea surface temperature due
to global warming could result in changes in the seasonal distribution of certain species, and ultimately
disruption in their harvest, which is usually based on indigenous knowledge and longstanding cultural
practices (Zacharia et al., 2016). Changes in distributional boundaries also bear the potential to bring
up delicate questions of fishing rights, especially within the context of geopolitics and exploitation of
the resources found within neighbouring exclusive economic zones.

Implications on harvesting sector

Climatic change induces stock fluctuation, species distribution and abundance which shall affect
the fishing methods used to harvest affected fish stocks. Species migration, both in horizontal and
vertical affects the fishing effort. In a case study of the Bay of Bengal, it was observed that sea surface
temperature rise resulted in species migrating to lower layers which forced the fisher folk to increase
the depth at which nets are cast. Studies have shown increase in recruitment and catch of oil sardine
and Indian mackerel during the post southwest monsoon season as a result of increased temperatures
(Zacharia et al., 2016). A mild positive correlation between SST and catch per unit effort in hour was
observed, which indicates that greater amount of energy need to be spent to harvest a particular
quantity of fish (CMFRI-NICRA, 2016). Studies confirm that the impact of fishing pressure is very high
and wider spread as compared to that of sea surface temperature on the fish abundance. However, as
14% of species are also vulnerable to changes in SST.

Wind direction and speed too have implication on fish abundance of many species. It was understood
that yellowfin tuna fishery of southeastern coast of India was adversely affected by the change in wind
direction and speed. While the north to south winds during October-January was found to be favorable
for tuna fishery as the species move along with wind and current from offshore deeper waters to near
shore shallower waters. Prominent among the severe climate change induced phenomena are extreme
climate change events such as depression induced heavy rainfalls and cyclones which negatively affects
the fishing sector operations. A potential impact from climate change is the increase in frequency of
extreme weather events and the associated damage to the fishing equipment, facilities, harvest operations
and cumulative loss to fishing sector. Vulnerability assessments carried out through surveys of 8000
households from coastal villages in India have revealed that the level of knowledge on the effects of
climate change is inadequate, and requires further input, both from government institutions as well as
stakeholders (CMFRI-NICRA, 2013).

Life cycle assessments (LCA) of major fishing harbours of the nation revealed that the majority of
emissions originating from the fishing sector are generated during the actual harvesting phase, followed
by the processing phase(CMFRI-NICRA, 2014). Increase in scouting time shall result in elevated harvest
phase emissions.

Aquaculture implications

The contribution to food fish supply from aquaculture grew from 20 % to nearby 50% during 1970 to
2006.To meet the Sustainable Development Goals (SDGs) and to ensure food and nutrition security,
aquaculture sector shall have key roles to play. Major aquaculture producing countries are in tropical
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and subtropical regions of Asia namely China, Indonesia, India and Vietnam (DeSilva and Soto, 2009).
Species reared under aquaculture are poikilothermic and accordingly any temperature change of the
associated habitats would significantly influence metabolism and growth which in turn shall have
implications on productivity and income. Rising sea temperatures, would, up to a point, increase the
production of mariculture. However, these benefits will likely be superseded by adverse effects of
growth at higher temperatures. Studies carried out on the growth of silver pompano revealed that
fingerlings raised at higher temperatures underwent a higher rate of growth up to ambient temperatures
of 31°C. At elevated temperature, however, significant defects in growth were observed, particularly in
the musculoskeletal system. Internal abnormalities including bile duct hyperplasia and acute tubular
necrosis in the kidneys was also noticed at higher temperatures.

Temperature increase may favour the algal blooms and red tide occurrences due to changes in
characteristics of water bodies. Temperature change shall play as a limiting factor for the choice of
species that could be successfully cultured. Additionally, increased water temperatures and other
associated physical changes, such as shifts in dissolved oxygen levels, have been linked to increases in
the intensity and frequency of disease outbreaks (Goggin and Lester, 1995; Harvellet al., 2002; Vilchis
et al., 2005). Algal blooms, depletion of dissolved oxygen (oxygen minimum zones) and consequent
production losses were observed in inland coastal and mariculture farms.

The upwelling system and ocean circulation is related to climate change fluctuations. In case of
Northern Indian Ocean and other regions experiencing strong wind driven upwelling episodes, profound
effect are anticipated on future gaseous emissions from oceans. Several cultured species are sensitive
to salinity variation. Climate change induced rainfall pattern change shall alter the salinity of the
waterbodies and affects the cultured species. In summer months, lack of rains results in salinity increase,
which may rise beyond the tolerable limits of farmed shrimps. However in case of high rainfall, the
salinity levels shall drop rapidly and such situation were found to be lethal for Penaeus japonicus,
causing mass mortality of the farm crop (Preston et al., 2001). During droughts the salinity within
culture ponds shall be higher eventually making it unbearable for cultured species.

Another impact of climate change is ocean acidification phenomena where the pH of the water
body dips due to mixing of CO,. The scenario of ocean acidification is detrimental to calcareous organisms
such as molluscs as it thins the outer shells of the species. Ocean acidification was found to adversely
affect the size of larvae of shrimps and mussel. (Bechmann et al., 2011). Besides, low pH values lead to
dissolution of the thin exoskeleton of several zooplankton including larval forms of shrimps, molluscs
and fishes.This has implications on secondary productivity of the early life stages and also low survival
rates of commercially important species, which in turn can affect the fish catch (CMFRI-NICRA, 2013).

The intensity and frequency of climate change induced extreme events such as floods, droughts and
cyclones can adversely affect the aquaculture practices and loss in 20-40% loss in production were
found as consequence of seasonal variations in coastal states of India. Cyclones viz., Nisha in coastal
Tamil Nadu (2008), Aila in West Bengal (2009), Laila in Prakasam District, AP (2010), Thane in Cuddalore
Dist, TN (2012), Phailin in Odisha (2013); Krishna River Flood in AP (2009) and Tsunami (not an ECE) in
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2004 caused damage to infrastructure and escape of shrimp stock (Ponniah and Muralidhar, 2009;
Muralidhar and Vijayan, 2016). The farms were inundated almost one meter above bund level and the
damage included erosion of bunds, heavy siltation and damage to electrical installations, sluices, shutters
and screens associated negative impacts such as changes in salinity, heavy siltation and introduction of
disease and predators into aquaculture facilities along with the flooded water resulted in yield reduction
and losses.

Effect on fishing communities

Coastal communities are highly vulnerable to climate change as they are risked with sea level rise
based erosion. Change in weather results in loss of fishing days, low catch, income loss and livelihood
insecurity. Due to easier influx of water areas with large number of creeks and backwaters are at high
risk of inundation. In some coastal areas of Asia, a 30 cm rise in sea level can result in 45 m of landward
erosion. The east coast of India is considered more vulnerable due to its flat terrain and the numerous
deltas. Estimates show that the inundation area will be about 4.2 km? for a 1.0 m rise in sea level in the
region surrounding Nagapattinam (Shetyeetal., 1990). Recent studies indicate net decrease in coastal
area due to erosion. Loss of coastal area even in smaller fractions results in significant loss of income
and livelihood for associated communities.

Recent cyclonic events such as Ockhi and Vardha wreak havoc on fishing communities. Damages

include infrastructure loss, habitat change, halt of fishing operations and damages to key equipments of
the craft. Direct impact of climate change on society is income loss and small scale fisheries sector
including artisanal and subsistence fishers are affected the most. Low and irregular income has created
livelihood stress coupled with poor adaptability to economic effects of climate change, which is a
serious threat to national fisheries economy demanding prioritized interventions of government
machineries.

Influence on market and trade

The stock fluctuations and increase in fishing efforts shall results in increased prices for consumers.
Additional inputs for fishing operations shall also contribute towards cost increase. The species composition
change in catch shall have implications in market as per the availability of high value and low value
fishes. Commercial fisheries shall be severely impacted due to shift in fish stocks and increased scouting
time. Climate change is expected to change future fisheries production patterns, either by shifting
production as species move to new habitats, or as a result of changes in net marine primary production
(Brander, 2007). The effects of climate change on the output and reliability of aquaculture practices,
however, present a significant hurdle to the food security of states dependent on aquaculture. Ensuring
that fisheries are efficiently governed and that aquaculture continues to grow in a sustainable manner
will be the main constraints to the sustainability of global fish production (Merino et al., 2012).

Potential positive impacts

Climate change has favourable effects as well. Warmer temperature could lead to quicker growth
and earlier maturity for some species and shall be beneficial. Silver pompano fingerlings were found to
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grow at a greater pace at slightly higher temperatures, though once the temperature exceeded the
optimal maximum, abnormalities in growth were noticed (CMFRI-NICRA, 2016).Elevated temperatures
of coastal waters also could lead to beneficial impacts with respect to growth rate and feed conversion
efficiency (Lehtonen, 1996), and increased production.

Certain species, such as oil sardine and mackerel, have undergone range extensions over the past
few decades in response to the warming waters of the Indian Ocean (Vivekanandan et al., 2009). This is
distinct from a distributional shift, which could cause disruptions in traditional fishing practices and
knowledge. Range extensions on the other hand allow the usage of a particular stock in a greater
number of areas. For stocks capable of being utilized at sustainable levels, this is unlikely to be
detrimental. Upwelling episodes and ocean mixing could be favourable in some cases as it enables more
nutrients and thereby increases the ocean productivity.

Conclusion

Climate change has multilevel impacts on species, habitat as well as on society. The climatic variations
are a threat to food and nutritional security of the nation. Rise in sea surface temperature was observed
around 0.5-1.3°C along Indian coasts along with precipitation changes and changes in wind pattern.
Changes in phenology, trophodynamics, abundance and catch of fish species were established. Changes
in SST, Chlorophyll and precipitation make the fish habitat more vulnerable. Extreme events results in
loss of fishing days, low catch and income loss. Owing to wide level variations of impacts, regional level
impact assessment need to be focused so as to develop effective resilient strategies.
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Sampling Methodology Employed by CMFRI for Collection and
Estimation of Marine Fish Landings in India
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Fisheries sector plays a key role in Indian economy. The sector supports livelihood, nutritional
security, and subsistence to large number of people as well as foreign exchange earnings. India’s coast
line stretches about 8129 km. There are 1511 landing centres scattered along the coastline of the main
land as per the records from National Marine Fisheries Data Centre at Central Marine Fisheries Research
Institute (CMFRI). Marine fish landings take place almost all along the coast line throughout the day
and sometimes during night. Under these circumstances, collection of statistics by complete enumeration
would involve a very large number of enumerators and a huge amount of money apart from the time
involved in collection of data. Therefore, a possible solution for quantifying marine fish landings is
adoption of a suitable sampling technique. As, monitoring and assessment of the exploited marine
fishery resources of India is one of the important mandates of the CMFRI, institute made attempts to
evolve the scientific methods for collection of data on catch and effort, since its inception in 1947. Pilot
surveys were conducted along the coastline of India and different sampling designs were tested.

CMFRI introduced collection of marine fish
statistics through a stratified sampling design
along the west coast of India in the year 1959
and extended to other states over the years.
Keeping in pace with the changing marine
fisheries scenario, the sampling design has been
modified over the periods. Presently, CMFRI
estimate marine fish landings based on a multi- Fig. 1. Stratification over Space
stage stratified random sampling technique, stratification is done over space and time. Each maritime
state is divided into suitable, non-overlapping zones on the basis of fishing intensity and geographical
considerations (Fig. 1). The number of landing centres varies from zone to zone.

Over space, each zone is regarded as a stratum and over time, a calendar month is considered as a
stratum. Consequently, a zone and a calendar month constitute a space-time stratum. Suppose, in a
zone, if there are 5 landing centres and 30 fishing days in the month; then 5 x 30 = 150 landing centre
days, combination of centre and day constitute the primary stage units (PSU). The fishing craft that
land on a landing centre day forms the second stage units (SSU). Furthermore, the fish landings vary
considerably among the landing centres in a multi-centre zone, mainly in different seasons and hence a
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zone is further stratified into substrata viz., major, minor and very minor. The centres in which either
mechanised crafts or 100 or more non-mechanised/motorised crafts are operating are considered as
major centres. Likewise, other strata are defined based on the number and type of fishing crafts
operating.

Further, a month is divided into three groups each with ten days. A day is selected at random from
the first five days of a month and 5 successive days are selected automatically. Three clusters of two
successive days are made from the above selected days. To illustrate the selection of landing centres
and days, let us consider a fishing zone in a month. Initially, select a date at random from the first five
days, let it be 3. Then from the first 10 day group, three clusters of 2 days (3,4) (5,6) and (7,8) can be
formed. From the second group of 10 days, the clusters are systematically selected with an interval of
10 days. The clusters of days formed are (13,14) (15,16) and (17,18). Similar selection can be done for
the next group of ten days. Accordingly, 9 clusters of two days can be formed in a month. Afterwards,
9 centres are selected with replacement from the total number of landing centres in a zone and allotted
to the 9 cluster days as explained before. Thus, a combination of a landing centre and a day (landing
centre day) forms the Primary Stage Units. A landing centre day has been divided into 3 periods as given
in the infographic. That means a landing centre day is 24 hour duration which starts at noon of the first
day and ends at noon of the following day.

The marine fish landings data collection
is done by the technical staff of CMFRI.
Usually, one staff is identified to collect data
from each zone. Data collection starts from
period 1 on each selected landing centre day.
The staff will be present throughout the
periods 1 and 2 at the centres. The data on
landings during period 3 (night landings) is usually collected from the landing centre by enquiry on the
following day morning. The observations on the 3 periods contribute the data for one landing centre day
(24hrs). So, in a 10 day period, data from 3 centre-days are sampled and thus in a month 9 landing
centre days are sampled.

After reaching the landing centre, if the landed number of crafts is large, it may not be practical to
record the catches of all crafts landed during an observation period. In that situation, sampling of crafts
become essential. When the total number of crafts landed is 15 or less, the total landings from
all the crafts are enumerated for catch composition and other particulars. When the total number of
crafts exceeds 15, the following procedure is followed to sample the number of crafts.
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The catches are normally removed in baskets of standard volume from the crafts. The weight of fish
contained in these baskets being known, the total weight of the fish in each boat under
observation has been obtained. The procedures of selection of the landing centre days and the crafts
landed on the selected day for single centre zones are the same as in the case of a stratum in a multi-
centre zone. From the landings of the observed fishing units, the landings for all the units landed
during the observation period are estimated. By adding the quantities landed during the two 6- hour’s
periods and during the night (12-hours) the quantity landed for a day (24-hours) at a centre that is the
landings for each centre day included in the sample is estimated. From these, the monthly zonal
landings are obtained. From the zonal estimates, district-wise, state-wise and all India landings are
arrived. The corresponding sampling errors are also estimated. The estimation procedure is detailed in
Srinath et. al., (2005).

Administration of the Survey

The survey staff is given 10-12 weeks training course immediately after recruitment and is posted
to the survey centres. Each survey centre each centre is provided with literature connected with the
identification of fish, a reference collection of local fish species, crustaceans and molluscs, field notebooks
and registers. The programme of work for the following month is carefully designed by the staff of
Fishery Resources Assessment Division at the CMFRI headquarters. Generally one field staff is allotted
to each zone to collect the fish landings data. At the end of every month, the survey staff receives the
programme of work for the next month by post, that includes the names of landing centres to be
observed and details such as dates and time for observations at each landing centre. The field staff
are instructed to send the data collected during every month to reach the Institute’s headquarters at
least by the end of first week of the subsequent month.

Surprise  inspections are carried out by the supervisory staff of the Institute and the
enumerators are inspected while at work in the field and their field notebooks and diaries are
scrutinised. The estimated zonal landings are always compared with the previous year’s survey figures,
and if any variation which cannot be explained is observed, the technique of interpenetrating sub-
samples is adopted to detect observational errors. Zonal workshops are held periodically to review the
progress of work and update the sampling frame and to impart refresher courses to the field staff. Non-
response occurs when the regular field staff is not available to observe the centre-day included in the
sample. Usually, arrangements are made at the Headquarters/Research/Regional Centre to minimise
the non-response.

In the existing sampling methodology, the interest is to estimate gear-wise, species-wise landings
for the state in a month, fishing effort according to different types of fishing crafts and also in terms of
man hours. The analysis is carried out at CMFRI headquarters. Before the data is processed for analysis
it will be ensured that the data collection is made as per the approved schedule, by checking the
appropriate proforma. The responsibilities and functions of staff at the headquarters are data coding,
estimation and database management. The data analysis is computerised and estimates are made using
the software developed by the Fishery Resources Assessment Division of the Institute. The processed
data are again counter- checked for errors. When discrepancies are detected, the estimation procedure
is scrutinised in detail.
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Statistics plays a central role in research, planning and
decision-making in almost all natural and social sciences.
It is the Science of collecting, organizing, analyzing,
interpreting and presenting data. It deals with all aspects
of this, including not only the collection, analysis and
interpretation of such data, but also the planning the
collection of data, in terms of the design of surveys and
experiments. Two types of statistical methods are used in
analysing data: descriptive statistics and inferential
statistics. Inferential statistics makes inferences and

predictions

about a population based on a sample of data taken
from the population in question. Descriptive
statistics uses the data to provide descriptions of the
population, either through numerical calculations or
graphs or tables. Descriptive statistics therefore
enables us to present the data in a more meaningful
way, which allows simpler interpretation of the data.

Measures of central tendency

Description of a variable usually begins with the
specification of its single most representative value,
often called the measure of central tendency. The
best way to reduce a set of data and still retain part
of the information is to summarize the set with a single
value. A measure of central tendency is a single value
that attempts to describe a set of data by identifying
the central position within that set of data. Measures
of central tendency are sometimes called measures
of central location or summary statistics. Measures of
central tendency are measures of the location of the
middle or the center of a distribution. There are
several measures for this statistic.
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Measures of central tendency
Arithmetic mean

The arithmetic mean of a set of values is the quantity commonly called the mean or the average.
For a data set, the mean is the sum of the values divided by the number of values. The mean of a set of
numbers x, X, ...,Xx_ is typically denoted by X pronounced “x bar”.

n
2 Xi
i=1
Arithmetic Mean = x =

Arithmetic Mean from a grouped data
i) Discrete frequency distribution

Data arising from organising ‘n’ observed values into a smaller number of disjoint groups of values,
and counting the frequency of each group; often presented as a frequency table. In this case the values
of the variable are multiplied by their respective frequencies and this total is then divided by the total
number of frequencies.

Arithmetic mean,

where x,, X,, ... X_are values of the variable x and f,,f,,...f are their corresponding frequencies.

ii) Continuous frequency distribution

We take mid values of each class as representative of that class, multiply this mid values by their
corresponding frequencies, total these products and divide by the total number of items. If x,,x,.....x

represent the mid values of classes and f , f,,..f the frequencies, then

n
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The mean is valid only for
interval data or ratio data. Since it
uses the values of all of the data
points in the population or sample,
the mean is influenced by outliers
that may be at the extremes of the
data set. The mean uses all the
observations and each observation
affects the mean. Even though the
mean is sensitive to extreme values
(i.e., extremely large or small data
can cause the mean to be pulled
toward the extreme data) it is still
the most widely used measure of location. This is due to the fact that the mean has valuable mathematical
properties that make it convenient for use with inferential statistics analysis. For example, the sum of
the deviations of the numbers in a set of data from the mean is zero, and the sum of the squared
deviations of the numbers in a set of data from the mean is minimum value. The following are the
merits and demerits of arithmetic mean.

Median

Merits and Demerits of Arithmetic Mean

Median is the value in the middle of the data set, when the data points are arranged from smallest
to largest. If there are an odd number of data points, then just arrange them in ascending or descending
order and take the middle value. If there is an even number of data points, you will need to take the
average of the two middle values. Hence median is determined by sorting the data set from lowest to
highest values and taking the data point in the middle of the sequence. There is an equal number of
points above and below the median.

Calculation of median in a grouped data
i) Discrete series

In this case also, data should be arranged in ascending or descending order of magnitude and find
out the cumulative frequencies. Now find out the value of (n+1/2)% item. It can be found by first
locating the cumulative frequency which is equal to (n+1/2) and then determine the value corresponding
to it. This will be the value of median.

ii) Continuous series

For computing the value of the median in a continuous series, first determine the particular class in
which the value of the median lies. Use N/2 as the rank of Median where N= total frequency. Hence it is
N/2 which will divide the area of the curve into two parts. The following formula is used for determining
the exact value of the median.

(N/2m)*C
Median= 1+ ---

f
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where N= 2 fi = Total frequency, |- the lower limit of the median class, m -cumulative frequency up
to the median class, f- frequency of the median class and c- class width.

Median

The median can be determined for ordinal data Merits and Demerits of Median
as well as interval and ratio data. Unlike the mean,
the median is not influenced by outliers at the extremes
of the data set. Generally, the median provides a better
measure of location than the mean when there are
some extremely large or small observations (i.e., when
the data are skewed to the right or to the left). For
this reason, the median is often used when there are a
few extreme values that could greatly influence the
mean and distort what might be considered typical.
Note that if the median is less than the mean, the
data set is skewed to the right. If the median is greater
than the mean, the data set is skewed to the left.
Median does not have important mathematical properties for use in future calculations.

Mode

Mode is the most common value or most
frequently occurring value in the data set. For
finding the mode, just look at the data, count
how many of each value you have, and select
the data point that shows up the most
frequently. If no value occurs more than once,
then there is no mode. If two values occur as
frequently as each other and more frequently
than any other, then there are two modes. In
the same way, there could also be more than
two modes.

Merits and Demerits of Mode

Mode is very simple measure of central tendency. Because of its simplicity, it is a very popular measure
of the central tendency. The mode can be very useful for dealing with categorical data. The mode also can
be used with ordinal, interval, and ratio data. However, in interval and ratio scales, the data may be spread
thinly with no data points having the same value. In such cases, the mode may not exist or may not be very
meaningful. Following are the various merits and demerits of mode:

Weighted Mean

When two or more means are combined to develop an aggregate mean, the influence of each mean
must be weighted by the number of cases in its subgroup.
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Geometric mean (GM)

The geometric mean is an average that is useful for sets of positive numbers that are interpreted
according to their product and not their sum (as is the case with the arithmetic mean) e.g. rates of
growth.

Harmonic mean (HM)

The harmonic mean is an average which is useful for sets of numbers which are defined in relation
to some unit, for example speed (distance per unit of time).

Relationship between AM, GM, and HM
AM, GM, and HM satisfy these inequalities:
AM > GM > HM
Equality holds only when all the elements of the given sample are equal.

The mean (often called the average) is most common measure of central tendency, but there are
others, such as, the median and the mode. The mean, median and mode are all valid measures of
central tendency but, under different conditions, some measures of central tendency become more
appropriate to use than others.

Measures of Dispersion

Measure of variation describes how spread out or scattered a set of data. It is also known as
measures of dispersion or measures of spread. Measures of variation determine the range of the
distribution, relative to the measures of central tendency. Measures of average such as the mean and
median represent the typical value for a dataset. Within the dataset the actual values usually differ
from one another and from the average value itself. The extent to which the mean and median are good
representatives of the values in the original dataset depends upon the variability or dispersion in the
original data. The measures of central tendency are specific data points, measures of variation are
lengths between various points within the distribution. It provide us with a summary of how much the
points in our data set vary, e.g. how spread out they are or how volatile they are. Measures of variation
together with measures of central tendency are important for identifying key features of a sample to
better understand the population from which the sample comes from. Datasets are said to have high
dispersion when they contain values considerably higher and lower than the mean value. The most
common measures of variation are Range, Quartile déviation or semi Interquartile Range, Mean deviation,
Variance, Standard deviation and Coefficient of Variation.

Range

The range is the distance between the lowest data point and the highest data point. In other words,
it is difference between the highest value and the lowest value.
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Range = Highest value-lowest value

The range is the simplest measure of variation to find. Since the range only uses the largest and
smallest values, it is greatly affected by extreme values, that is - it is not resistant to change.

The range is simple to compute and is useful when you wish to evaluate the whole of a dataset. It
is useful for showing the spread within a dataset and for comparing the spread between similar datasets.

Since the range is based solely on the two most extreme values within the dataset, if one of these
is either exceptionally high or low (sometimes referred to as outlier) it will result in a range that is not
typical of the variability within the dataset. The range does not really indicate how the scores are
concentrated along the distribution. The range only involves the smallest and largest numbers, and is
affected by extreme data values or outliers. In order to reduce the problems caused by outliers in a
dataset, the inter-quartile range is often calculated instead of the range.

Quartile Deviation or The semi inter-quartile Range

The inter-quartile range is a measure that indicates the extent to which the central 50% of values
within the dataset are dispersed. If the sample is ranked in ascending order of magnitude two values
of x may be found, the first of which is exceeded by 75% of the sample, the second by 25%; their
difference is the interquartile range. It is based upon and related to the median. In the same way that
the median divides a dataset into two halves, it can be further divided into quarters by identifying the

upper and lower quartiles. The lower quartile, Q1 is found one quarter of the way along a dataset when
the values have been arranged in order of magnitude; the upper quartile Q3 is found three quarters
along the dataset. Therefore, the upper quartile lies half way between the median and the highest
value in the dataset whilst the lower quartile lies halfway between the median and the lowest value in
the dataset. Between Q1 and Q3 there is half the total number of items. Q3-Q1 affords a convenient and
often a good indicator of the absolute variability. Usually one half of the Q3-Q1 is used and given the
name semi-interquartile range or quartile deviation.

The relative measure of quartile deviation is known as the coefficient of Q.D.

The larger the semi - interquartile range, the larger the spread of the central half of the data.
Thus the semi -interquartile range provides a measure of spread. Thus it indicate how closely the data
are clustered around the median.
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Mean deviation

Mean deviation is the average of the absolute values of the deviation scores; that is, mean deviation
is the average distance between the mean and the data points. It is calculated as

Closely related to the measure of mean deviation is the measure of variance.

Variance

The variance is the most commonly accepted measure of variation. It represents the average of the
squared deviations about the mean. Variance also indicates a relationship between the mean of a
distribution and the data points; it is determined by averaging the sum of the squared deviations.
Squaring the differences instead of taking the absolute values allows for greater flexibility in calculating
further algebraic manipulations of the data. It is the average of the squared deviations between the
individual scores and the mean. The larger the variance the more variability there is among the scores.
When comparing two samples with the same unit of measurement (age), the variances are comparable
even though the sample sizes may be different. Generally, however, smaller samples have greater
variability among the scores than larger samples.

The average deviation from the mean is:

Average Deviation =

The problem is that this summation is always zero. So, the average deviation will always be zero.
That is why the average deviation is never used. So, to keep it from being zero, the deviation from the
mean is squared and called the “squared deviation from the mean”. This “average squared deviation
from the mean” is called the variance. The formula for variance depends on whether you are working
with a population or sample:

The formula for the variance in a population is where where p is the mean and N is

the number of scores.

When the variance is computed in a sample, the statistic

where M is the mean of the sample and gives an unbiased estimate of 2.
Standard deviation

Standard deviation is the most familiar, important and widely used measure of variation. It is a
significant measure for making comparison of variability between two or more sets of data in terms of
their distance from the mean.
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The standard deviation is the square root of the variance. It is denoted by ¢ and is computed as

The standard deviation has proven to be an extremely useful measure of spread in part because it
is mathematically tractable. Many formulas in inferential statistics use the standard deviation. It possess
the majority of the properties which are desirable in a measure of dispersion and is based on all
observations. Because of these merits SD should always be used as the measure of dispersion unless
there is some definite reason for selecting any other measure of dispersion.

Coefficient of Variation

The coefficient of variation is the ratio of the sample standard deviation to the sample mean. It is
calculated as

It expresses the standard deviation as a percentage of the mean, so it can be used to compare the
variability of two or more distributions even when the observations are expressed in different units of
measurement. The coefficient of variation is a dimensionless number. So when comparing between data
sets with different units or widely different means, one should use the coefficient of variation for
comparison instead of the standard deviation. A standard application of the Coefficient of Variation is to
characterize the variability of geographic variables over space or time. Coefficient of Variation is
particularly applied to characterize the interannual variability of climate variables or biophysical variables.
When coefficient of variable is lesser in the data, it is said to be more consistent or have less variability.
On the other hand, the series having higher coefficient of variable has higher degree of variability or
lesser consistency. When the mean value is close to zero, the coefficient of variation will approach
infinity and is hence sensitive to small changes in the mean. Unlike the standard deviation, it cannot be
used to construct confidence intervals for the mean.

Correlation

Correlation is a statistical technique that can show whether and how strongly pairs of variables are
related. The correlation analysis enables us to have an idea about the degree & direction of the
relationship between the two variables under study. It is used to assess the possible linear association
between two variables. If there is any relation between two variables i.e. when one variable changes
the other also changes in the same or in the opposite direction, we say that the two variables are
correlated. Thus correlation is the study of existence, magnitude and direction of the relation between
two or more variables. The measure of correlation called the correlation coefficient. If the ratio of
change between two variables is uniform, then the correlation is said to be linear. If the amount of
change in one variable does not bear a constant ratio to the amount of change in the other variable,
then the correlation is said to be non-linear or curvilinear. The nature of the graph gives us the idea of
the linear type of correlation between two variables. If the graph is in a straight line, the correlation is
called a “linear correlation” and if the graph is not in a straight line, the correlation is non-linear or
curvi-linear.
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Positive and negative correlation

If two variables change in the same direction i.e., if one increases the other also increases, or if
one decreases, the other also decreases), then this is called a positive correlation. If two variables
change in the opposite direction i.e., if one increases, the other decreases and vice versa), then the
correlation is called a negative correlation. Through the coefficient of correlation, we can measure the
degree or extent of the correlation between two variables. On the basis of the coefficient of correlation
we can also determine whether the correlation is positive or negative and also its degree or extent.

If two variables changes in the same direction and in the same proportion, the correlation between
the two is perfect positive. According to Karl Pearson the coefficient of correlation in this case is +1.
On the other hand if the variables change in the opposite direction and in the same proportion, the
correlation is perfect negative and its coefficient of correlation is -1. In practice we rarely come
across these types of correlations.

If two variables exhibit no relations between them or change in variable does not lead to a change
in the other variable, then we can say that there is no correlation between the two variables. In such
a case the coefficient of correlation is 0.

Methods of Determining Correlation
The following are the most commonly used methods of determining correlation.
(1) Scatter Plot

(2) Karl Pearson’s coefficient of correlation
Scatter Plot (Scatter diagram or dot diagram)

The scatter diagram may be described as the diagram which helps us to visualize the relationship
between two phenomena. This is the simplest method for finding out whether there is any relationship
present between two variables. In this method the values of the two variables are plotted on a graph
paper. One is taken along the x-axis and the other along the y-axis. By plotting the data, we get points
on the graph which are generally scattered and hence the name ‘Scatter Plot’. The manner in which
these points are scattered, suggest the degree and the direction of correlation. The greater the scatter
of the points on the chart, the lesser is the relationship between the two variables. The more closely
the points come to a straight line, the higher the degree of relationship. The degree of correlation is
denoted by ‘r’ and its direction is given by the signs positive and negative. Scatter diagrams will
generally show one of five possible correlations between the variables:

Strong Positive Correlation :The value of Y clearly increases as the value of X increases.
Strong Negative Correlation: The value of Y clearly decreases as the value of X increases.
Weak Positive Correlation : The value of Y increases slightly as the value of X increases.
Weak Negative Correlation: The value of Y decreases slightly as the value of X increases.

o O O O

No Correlation: There is no demonstrated connection between the two variables.

Though this method is simple and provide a rough idea about the existence and the degree of
correlation, it is not reliable. As it is not a mathematical method, it cannot measure the degree of
correlation.
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Illustrations

Karl Pearson’s coefficient of correlation:

The most widely-used type of correlation coefficient is Pearson r, also called linear or product-
moment correlation. It gives the numerical expression for the measure of correlation. The value of ‘ r
’ gives the magnitude of correlation and sign denotes its direction. It is defined as

Properties of Correlation coefficient

o The value of correlation does not depend on the specific measurement units used; for example, the
correlation between height and weight will be ide