PREFACE
India has a coastline of about 7500 km, comprising the mainland and the islands of Andaman
and Nicobar and Lakshadweep. The mainland is surrounded by Bay of Bengal, Arabian Sea and
Indian Ocean and is influenced by two major monsoons and resultant oceanographic and
hydrographic factors. Coastal areas in India are bestowed with various highly productive
ecosystems, such as mangroves, coral reefs, ecologically sensitive habitats such as mudflats,
sand dunes, rocky shores, etc., which support rich biodiversity. Health of these specialized
ecosystems is very much essential for the sustainable coastal and offshore fisheries and thus the
nation's economy and people's livelihood.
India is marching on a fast developing economy and the coastal areas are often used for human
settlement, industries, tourism, construction of ports and harbours etc. In order to protect the
coastal and marine environment, a policy of sustainable development approach has been
accepted by all. In this context, an environmental appraisal and clearance is required for any
development project. Ministry of Environment, Forests and Climate Change (MoEF&CC), Govt.
of India has formulated regulations which also prescribe an Environmental Impact Assessment
study as per the EIA notification issued by MoEF&CC in 2006.
One of the important component of Terms of Reference (ToR) issued by MoEF & CC specifies:
'impact on rivers, estuary and the sea and include intertidal biotopes, corals and coral

communities, molluscs, seagrasses, seaweeds, subtidal habitats, fishes, other marine and aquatic
micro, macro and mega flora and fauna including plankton, benthos, turtles, sea birds, etc.,
including the productivity.’
Many accredited EIA Consulting Organizations had approached Indomer to help / impart
training in preparing a suitable report to meet the above ToR component. Keeping this in view,
Indomer has proposed to conduct a Training Programme on Marine Ecology and Biodiversity
with the specific reference to MoEF&CC requirements. This training programme has been
designed and organized by Indomer during 22-23 January 2018 at Chennai.
Various eminent scientists, academicians and professionals from these disciplines have been
invited to deliver lectures in their field of expertise. The course material provided by the experts
have been compiled and presented in CD form. I strongly believe this training programme will
be very much useful, not only for consultant and also for the project proponents to get good
understanding on various aspects of marine ecology and biodiversity.

Date: 22 January 2018

P. Chandramohan
EIA Coordinator
Indomer Coastal Hydraulics (P) Ltd.
Chennai
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Dr. T. Balasubramanian
Centre of Advanced Study in Marine Biology, Annamalai University, Parangipettai – 608 502
1. Introduction
Environmental Impact Assessment (EIA) is the process of examining the environmental, social
and health effects of a proposed development. It assesses the impacts of the proposed
development on the environment and enables decision making with respect to environmental
clearance (Environmental Impact Assessment Guidelines for Ports and Harbours, 2003).
According to U.S. National Environmental Policy Act Section 2 (NEPA, enacted in 1969), EIA is
defined as “to encourage productive and enjoyable harmony between man and his
environment; to promote efforts which will prevent or eliminate damage to the environment
and biosphere and stimulate the health and welfare of man; to enrich the understanding of
the ecological systems and natural resources important to the Nation”.
The purpose of EIA is to implement a strategy of sustainable development, prevent adverse
impact on the environment after the implementation of plans and construction projects, and
promote coordinated development of the economy, society, and environment (China
Environmental Impact Assessment Law) (Enacted in 2003).
Types of EIA
The Environment Impact Assessment (EIA) is classified into 4 types viz.,
•

Project specific EIA

•

Regional EIA

•

Sectoral EIA

•

Risk Analysis

Project specific EIA: Some projects cause a limited number of adverse impacts and do not
result in ancillary activities or induced developments. For example, a container terminal, which
handles only containers, may not have associated development.
Regional EIA: Projects resulting in development of an entire region in terms of ancillary
industries and/or induced developments require a regional EIA. It involves assessment of the
cumulative environmental impacts of a number of projects proposed in that region. For
example, a port and harbour project might trigger off the growth of industries and
consequently rapid industrialisation and urbanisation of the region.
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Sectoral EIA: When a long-term development plan of a particular sector (for example, port
sector) is proposed, environmental impacts need to be evaluated in a broader framework.
Risk Analysis
Risk Analysis is the process of identifying the probability of occurrence of an accident and its
consequence, when ports handle hazardous cargo or involve risky operations.
In general, a project specific rapid EIA with or without risk analysis is conducted for any project
requiring an EIA. Regional/sectoral /comprehensive EIA is initiated by the Impact Assessment
Agency (IAA), if it considers the project to have a significant environmental impact.
Objective of an EIA
The objectives of an EIA are the following:
•

To estimate and describe the nature and likelihood of environmentally damaging
events to provide a basis for decision-making;

•

To provide for the incorporation of traditional knowledge and consultations with the
developer.

•

To devise and implement remedial measures for eliminating or minimizing undesirable
impacts.

Scope of the assessment
The scope of an assessment should include all potential environmental, socio-cultural and
economic impacts, especially impacts on the traditional uses of resources and livelihoods of
indigenous people and also the consideration of alternatives.
Phase -I
Initial inquiries
•

Understand the proposed activities

•

Screening

•

Conduct the preliminary assessment

Phase-II
•

Scope

•

Evaluate the baseline information
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•

Identify and choose alteration

•

Identify and characterize the potential impact of proposed activities

•

Develop mitigation and monitoring measures

Extent of EIA
A Rapid EIA report is submitted to the Impact Assessment Agency (IAA) based on one season
data for examination of the project. Comprehensive EIA report may be submitted later, under
the directions of the IAA.
Rapid EIA
It is carried out for projects that are likely to cause only a limited number of adverse impacts.
It is a preliminary assessment that involves limited baseline evaluation (i.e. collection of one
season data), broad identification of impacts and prediction of impacts with simple methods.
It is a quick process in terms of time spent on assessments of impact characteristics. Rapid
EIAs are done for projects like captive jetty or projects that do not involve ancillary growth,
resettlement issues, induced developments and projects located in non-critical habitats.
Comprehensive EIA
Some projects are likely to cause a range of significant adverse impacts affecting a number of
environmental parameters. A comprehensive EIA is generally required when the project results
in significant/seasonal changes (requiring the need for a three seasonal baseline data),
ancillary or induced development, resettlement & rehabilitation and is located at close
proximity to ecologically sensitive areas. For example, breakwater projects, port and harbour
projects initiated for the sake of industries, projects involving resettlement and rehabilitation
issues, projects located in critical habitats etc., require an extensive or comprehensive EIA. The
characteristics of the impacts of these projects can be determined only with a detailed study.
Participants in EIA Study
A team of cross-functional professionals shall conduct EIA. The team leader shall be capable
of addressing issues with a broad overview and shall collate the findings of the EIA team. The
team shall consist of professionals with experience in Environmental sciences/process designs
like
•

Coastal engineering (Marine structures, foundations, dredging etc.)

•

Chemical/ Mechanical engineering (Hazardous material handling/operations)

•

Oceanography

•

Water resources

•

Marine biology

•

Socio/ Environmental/ Natural Resource – economics

•

Sociology
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The participants of the EIA process and their function are given in following Table:
Participants
Project proponent
Environmental consultant
Public-Citizens and media

Reviewer

Other agencies of
Government
Expert advisors

Decision-maker

Description & Function
Government or private organization or whoever
proposes project development.
The person(s), agency or company responsible for
conducting the EIA
Special interest groups such as the NGOs,
environmental agencies, labor unions form the
public participation group who have a role in
identifying specific environmental concerns
Agency
responsible
for
reviewing
the
environmental impact summary report such as the
Impact Assessment Agency
National and State Government agencies that will
directly or indirectly have an interest or
responsibility in the EIA process.
They may be Government or private experts with
special know ledge of the either the project activity
or the EIA process.
Designated official/ agency

Public hearing
This is an important component in getting clearance from the Ministry and the following are
the steps involved in it.
•

There are techniques for getting information to the public (one-way e.g. press releases
newsletters, etc), getting it from the public (one-way e.g. polls, survey, questionnaire)
and exchanging information (interaction between the proponent and the public e.g.
public hearing, workshops, meetings, advisory groups/task forces etc).

•

When selecting a technique, it is always wise to build on existing communication
channels that are familiar with the community or public involved. There is no public
participation technique that will work in all circumstances.

•

When people talk about highly successful public participation programs they are
talking about programs where the techniques matched the purpose of the program,
reached the interested stakeholders, and resulted in a clear linkage between the public
participation process and the decision-making process.

•

It is worth noting that “making a decision” in public participation is not a single
moment in time, but an accumulation of many smaller decisions.

•

There are decisions being made at every step in the consultation process regardless of
the technique
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Basic concept of EIA study
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Procedure for obtaining Environmental Clearance (EC)

The following environmental attributes are to be considered during Environment Impact
Assessment study. Environmental attributes are defined as variables that represent
characteristics of the environment, and changes in these attributes provide indicators of
changes in the environment. The below shown table gives some of the environmental
parameters and attributes.
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Environmental Attributes
Parameters
Air

Noise

Marine environment

Land

Ecology

Socio-Economics
Resources

Resources (Renewable
& Non-Renewable)
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Attribute
•

Diffusion factor – atmospheric (wind speed &
direction, temperature, temperature gradient,
humidity, rainfall, frequency of inversion, stability)
& topographic (hills, valleys, buildings) factors and
climatology.
• Quality factors – Particulates, Sulphur oxides,
Hydrocarbons, Oxides of Nitrogen, Carbon
monoxide
• Attenuation factors- atmospheric & topographic
factors
• Noise levels
• Diffusion factor –hydrodynamics (tides and tidal
ranges, waves, current velocity)
• Marine soil characteristics
• Water quality factors - physical (pH, salinity,
temperature, oil & grease, TSS, turbidity), chemical
(DO/BOD, nutrients, heavy metals/toxic
compounds), biological (faecal coliforms,)
• Sediment quality (Benthos, toxicity, SOD,
phytoplankton, zooplankton)
• Soil characteristics, hydrology, land-use patterns,
waste management practice, topography
including geomorphology, coastal stability,
archaeological monuments etc.
• Natural vegetation including forest, endangered
species, marine organisms including fisheries,
ecologically sensitive species (eg. mangroves,
sea grass, corals etc.)
• Regional economic stability, population statistics,
per-capita consumption, standard of living,
resettlement and rehabilitation issues, marine
resources like fisheries etc.
• Fuel resources, non-fuel resources, aesthetics, water
supply etc.,
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Water quality attributes
Oceanographic diffusion factors such as tides, currents and waves and physical parameters
like bathymetry are essential for any water quality study since they determine the transport
and dispersion of pollutants in water. Past record on tidal information can be obtained from
the Indian tide tables, published by the Survey of India. Bathymetry of the region can be
obtained from the Naval Hydrographic Office Charts (NHO Charts).
Water quality attributes

Activities

Physical

pH, salinity,

Waste

temperature, TSS,
turbidity, oil &

breakwater construction, discharge of brine
from desalination plants, petrochemical and

grease.

petroleum handling operations, ship
operations & pipeline transfer operations

discharge,

dredging,

dumping,

involving oil.
Turbidity & TSS

Chemical

DO, BOD,
water and
quality

Site clearing, quarrying, soil excavation,
construction activities, waste discharge,
dredging, dumping, breakwater

nutrients, Waste discharge from labour camps and
sediment port buildings, dredging, dumping of
dredged materials into sea, trenching and
underwater blasting, ship operations,
breakwater construction.

Heavy metals & toxic Dredging, dumping of dredged materials
compounds
into sea, trenching and under water
blasting, cargo storage and handling
operations, pipeline operations, industrial
discharges, etc.
Biological

Faecal coliforms,

Dredging, dumping of dredged materials

Phytoplankton,
Zooplankton,
Benthic organisms

into sea, trenching, underwater blasting,
ship operations, break water construction,
accidental spillage of cargo, discharge of

Eco-sensitive ecosystem brine from desalination plants etc.
and endangered flora
and fauna

Introduction of non-indigenous species

Invasive/Alien species

during de-ballasting, thermal discharges,
brine discharges.

Ground

water TSS/ salinity,

quality

organic chemicals

Cargo handling/ storage operations, dump
sites, seepage.

and heavy metals
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Land attributes
The extent of assessment of the land use shall be concentrated within a 10 Km radius around
the project area. The extent of land use within a 25Km radius is required when the project is
situated near an ecologically sensitive area. Assessment of aesthetics and landscape is required
for site clearing, quarrying, land reclamation, breakwater construction, dry cargo handling and
storage, conveyor system etc.
Land attribute

Activities

Land use patterns &

Site clearing, quarrying, land reclamation, &

Geo morphological
features

induced development (major industries in the
area)

Topography, Soil
characteristics

Site clearing, quarrying, hazardous cargo handling
operations, and pipeline operations

Ground water,
hydrology

Ground Water quality, land reclamation, and storage
of dry and wet cargo.

Application of Environmental Quality Indices in EIA study
With the urbanization of human population and industrialization, the coastal and marine
environs are vulnerable to pollution from various sources including anthropogenic wastes,
transport of effluents arising out of dredging, hazardous substances, eutrophication (Zhou et
al., 2007; Halpern et al., 2007). On the consequence of above, greater pressure is exerted on
the ecosystem resulting in changes in water quality and biodiversity (Adams, 2005). To address
these issues, many initiatives have been taken to assess the quality of the marine
environmental parameters such as water, sediment and sentinel organisms (Oconnor, 1992;
RNO, 1998). In this backdrop, a range of biotic indices has been advocated based on macro
benthic assemblages, that include Infaunal Trophic Index (ITI) (Mearns and Word, 1982); Azti
Marine Biotic Index (Borja et al., 2000); BENTIX, Benthic Quality Index; Benthic Opportunistic
Polychaetes and Amphipods Index (BOPA) (Dauvin and Rullet, 2007) and Multi Variate AMBI.
Of these indices, AMBI has the greatest ability to efficiently ascertain the healthiness of
ecosystems (Muxika et al., 2005; Salas et al., 2006; Pranovi et al., 2007)
Writing an EIA report
The final step in the EIA process is the preparation of an Environmental Impact Statement (EIS)
or an EIA report, which summarizes all the studies carried out for the environmental impact
assessment. EIS shall contain a summary, which should stress major conclusions, areas of
controversy (issues raised by the public) and issues to be resolved (including the choice among
alternatives). In order to stress and highlight these points, it is desirable to cover these topics,
as distinct sub-sections.
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Decision-makers, planners and scientists read an EIS. To cater to these diverse groups, the EIS
must be written in simple language. In all likelihood the summary will be read by all, especially
decision-makers and planners, while the technical content will be scrutinized by stakeholders
with specific interests. It is therefore imperative that the summary be written carefully and
thoughtfully. The summary must clearly state the advantages and disadvantages of the project
with a statement on the recommendations. Ambiguous statements that use phrases such as
"may occur" etc., must be avoided as much as possible.
2. Environmental Management Plan (EMP)
An EMP is an implementation plan to mitigate and offset the adverse environmental impacts
of the project and to protect and where possible, enhance the environment. Based on the
potential impacts identified, it sets out in detail, the process of implementing mitigation and
compensatory measures, the timing of these measures and indicative costs. EMP should be
viewed as a legal commitment on the part of the proponent to minimize environmental
impacts.
Ports that successfully integrate full consideration of environmental resources, including
mitigation of unavoidable adverse impacts, into the planning and construction of port
development projects stand to benefit from:
•

Reduced uncertainty with respect to approval of projects

•

Reduced permit delays and associated costs

•

Increased public support for port development projects

•

Reduced operational and insurance costs

In many instances, it has been found that successful implementation of EMP has resulted in
reduction in project costs in the long run. This is because the EMP contains
•

Proposals for optimum usage of available resources

•

Plans to address minor faults at the initial stage (spills, leakage etc. can be minimized
using components like safety valves, pressure relief valves)

•

Disaster management plans to respond to accidents

•

Countermeasures and recovery plans for spills

Since communities rely on the marine resources for their livelihood, it becomes absolutely
necessary to maintain a clean and usable waterfront. Environmental management is essential
for sustainable use of the coastal ecosystem to preserve its rich diversity.
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Environmental Management Process
•

The environmental management process consists of

•

Defining an environmental policy

•

Developing plans for environmental management

•

Implementation of the EMP

•

Monitoring the EMP and incorporating corrective action

•

Review of the policy, EMP and improvement

Environmental auditing and life cycle assessments may also be incorporated as an integral
component of the EMP.
Environmental Policy
In principle any port should define its environmental policy and ensure commitment to its
environmental system. The policy shall be displayed at prominent points in the port so that
the people visiting the area are made aware of the do’s and don’ts involved in the operation
and maintenance.
•

Significant environmental impacts that have been identified

•

Regulatory requirements

•

Proposed environmental policy

Implementation
The following steps are involved in EMP implementation
Step 1: Develop an organisational structure for EMP implementation
Step 2: Assign responsibilities for implementation
Step 3: Define timing of the implementation
Step 4: Define monitoring responsibilities
Monitoring
Environmental monitoring is essential and should be undertaken during the
construction and operation phases (Post project monitoring & evaluation) of the project. The
responsibility of implementation shall lie with the construction contractor during the
construction phase and the project proponent during the operations phase, while the overall
responsibility of monitoring shall always lie with the project proponent. A
department/section/cell with trained personnel shall be set up and shall be responsible for the
environmental management and monitoring. External monitoring/auditing is required to be
done by the local Pollution Control board or a recognised appointee (by the MoEF) of the
project proponent.
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CSR (Corporate Social Responsibility) activity
In any EIA study, the CSR activity should find a place in the ToR (Terms of Reference).
Infact a financial provision is to be given to achieve the objectives envisaged in the ToR.
Costs of EMP
•

Wherever responsibility of EMP action items lies with construction contractors, the cost
could be part of the construction contract rates and prices. The cost of EMP shall be a
part of the project cost. The funds to be allocated for the various EMP costs are:

•

Personnel: Training, periodic health check-up, protective devices like masks, helmets,
earplugs etc.

•

Rehabilitation: Compensation for resettlement, afforestation, habitat restoration,
compensation as a result of accidents.

•

Air Pollution Control: Maintenance and pollution check for emission levels from
exhausts, shields for restricting material being flown, dust control measures.

•

Water Management: Water procurement for construction, workforce etc,
construction of dykes, berms etc.

•

Waste Management: Collection and treatment of run-off from ore storage units and
spills, construction of sludge tanks, slop pits, associated piping and treatment,
construction of tanks for wastes and treatment, incinerators for waste disposal.

•

Sediment/Erosion control: Sand deposition for erosion mitigation, sedimentation
control (by dredging or pumping).

•

Safety measures: Components like safety valves, pressure relief valves, equipment for
liquid cargo handling like skimming equipment, fire-fighting systems with hydrants,
sprinkler systems, foam generation systems, emergency power supplies during
accidents.

•

Environmental Quality Planning/maintenance: Monitoring agencies (Involvement
of third party monitoring), hiring experts.

Marine Ecology is the scientific study of marine-life habitat, populations, and interactions
among organisms and the surrounding environment including their abiotic (non-living
physical and chemical factors that affect the ability of organisms to survive and reproduce)
and biotic factors (living things or the materials that directly or indirectly affect an organism in
its environment). The present article encompasses an over view of various biotopes and their
biological entities along the Indian coast. This article also describes the various
methods/instruments used for collection of organisms living in various ecological habitats.
The study of marine ecology also includes the influence of geology, geography, meteorology,
pedology, chemistry, and physics on marine environments. The impact of human activity such
as medical research, development, agriculture, fisheries, and forestry is also studied under
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marine ecology. In some ways, marine ecology is more complex than the relatively
straightforward study of a particular organism or environment because of the numerous
interconnections, symbiotic relationships, and influence of many factors on a particular
environment.

Fig. 1. View of marine ecosystem
(Source: http://www.mn.uio.no/cees/english/research/groups/marine-ecology/)
Importance of marine ecological study
The aim of the marine ecological studies is to understand the marine life and promote the
attention to protect the marine organisms from anthropogenic activities caused by the human
being. Marine ecologists collect animals which live on the seafloor or in the sediment by using
sleds, dredges, grabs, and corers. Animals and plants can also be directly observed in their
environment using underwater video and still imagery. Once collected, the animals or plants
are preserved, sorted, and identified. This information is analyzed and combined with existing
national environmental data and maps. This allows ecologists to understand what animals and
plants live on and beneath of the seafloor, why they may be there, and what potential impacts
they may face.
Various ecological habitats of Indian coast
Coastal zones represent 18% of the earth’s surface, providing the space for 60% of the
human population, since 70% of the world cities with the population more than 1.6 million are
located in the Indian coastal zone. 90% of the world fish catch is obtained from this zone.
Interestingly, the hydrosphere of the coastal zone is only about 80% but represented about
18 to 33% of the total primary production. This zone is biochemically more important as it
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buries and mineralizes 80-90% of organic matter and the approximate carbonate deposition
is estimated to be 50%. This area also receives discharges of suspended matter associated with
elevated levels of pollutants from the rivers and this accounts for 75 to 90%. This zone has
high Biological potential as it serves as a feeding, nursery and spawning ground with rich
biodiversity as an intermediate biotope between the marine and fresh water environment.
Some coastal system such as marshes, mangroves forest and sea grass bed are characterized
by high biological production rather than high diversity of species. They are the important to
other marine ecosystem such as coral reefs and larger ocean ecosystem, and to human
development because of the fisheries and other resources and services they provide (De
Fontaubert et al., 1996).
India has a coastal line of 7,516 km, of which the mainland accounts for 5,422 km, Lakshadweep
coast extends 132 km and Andaman and Andaman Nicobar Islands have coastline of 1,962
km. The marine jurisdictional area (the Exclusive Economic Zone; EEZ) extensive, spawning 2.02
million km2, which are 38% of the total (5.30 million km2) marine, fresh water and land areas
of the country. The coastal ecosystems play a vital role in India’s economy by virtue of their
resources, productive habitats and rich biodiversity. Traditionally, the coastal areas are highly
populated and developed because they are the place where trade, transport, communication
and civilization are well developed Nearly 250 million people within a distance of 50 km from
the coast. Out of three mega cities with population more than 10 million- Delhi (13.2 million),
Mumbai 16 million and Kolkata 16.5 million – two of which are coastal cities i. e. Mumbai and
Kolkata. The population densities also much more in coastal metros like Mumbai, Kolkata and
Chennai the population densities ranged from 20,000 to 50,000 per sq. km. For example, in
the state of Tamil Nadu, the population density in coastal areas is 528 sq. km against 372 sq.
km, which is the state average.
The coastal areas are assuming greater important in recent years, owing to increasing human
population, urbanization and accelerated developmental activities. The increased population
pressure led to resource depletion and environmental degradation due to coastal population,
disposal of domestic wastes. As in most of the developing nations, the coastal environmental
problems and issues in India are also concerned with following three main conditions:
environmental degradation, resource reduction and user conflicts. Current approaches to the
management of coastal resources are not capable of sustainable development and the coastal
environments and resource being rabidly degraded and eroded in India. The Integrated
Coastal Zone Management (ICZM) plan has been recognized as tool for addressing options
that ensure livelihood security and environmental stability in coastal zones.
The Indian coast is characterized by several promontories (e.g., near Beypore in Kerala State)
sand spits (at Karnataka and Andhra Pradesh, barrier beaches (along Kerala coast), embayment
(Mirya bay in Maharashtra), estuaries and offshore islands. Geomorphologically the east and
west coast of India are markedly different. The west coast of India is predominantly rocky
consisting of silt covered rocky flats or lime stone rocks, often with over hanging cliffs formed
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of green to black basalt. Sandy areas, rivers, creeks interrupt the rocky coast, and back waters.
The East Coast is generally shelving with beaches, lagoons, deltas and marshes. It is also
relatively low lying with extensive alluvial plains and deltas. Further, the coastal zone of India
is also endowed with very wide range of coastal ecosystem such as estuaries, lagoons,
mangroves, backwaters, salt marshes, rock coasts, sandy stretches and coral reefs which are
characterized by unique biotic and abiotic properties and processes. More than half of the
Indian coastal line is sandy. On the East Coast, small stretches of rocky formations occur along
Tamil Nadu and Andhra Pradesh. Major coastal ecosystems of India have been adequately
mapped for demarcating the boundaries, (Table 10) however, with little knowledge of the
resources and their ecological status. Major coastal ecosystems of India are discussed here, for
their economic use, conservation status, and the viability of offering environmental protection.
Table 1. Area (sq. km) of major ecosystem/ habitat of the coast of India
(Source: Venkataraman et al., 2012)

S.No.

Major ecosystem/ habitat

Area size
(sq. km)

1

Mudflats

2961

2

Beaches/ Splits

1465

3

Shoal/ Bar

93

4

Coral reefs

1270

5

Mangroves

3979

6

Marsh vegetation

370

7

Beach vegetation

290

8

Lagoon/ Backwaters

2132

9

Flood prone areas

3437

10

Coastal dunes

2509

11

Reclaimed areas

1212

12

Paleo Beach Ridges

13

Paleo Mudflats

6821

14

Strand plains

1378

15

Salt affected areas

16

Salt pans

434

697
1617

3. Important coastal Biotopes
Coral reefs
Coral reefs are among the planets largest and oldest structure created by living organisms.
Few genera of corals are supposed to be older than prairies. The unique ecosystem is more
protective because of its symbiotic association with alga called Zooxanthellae. They are the

INDOMER

L1 - 15

protectors of the maritime states, however are very fragile and vulnerable to natural
disturbance, and the human activities. Many maritime states and the coastal population mostly
depend upon the coral reef ecosystems for their day-to-life.
Reefs are home to more species than any others ecosystem in the sea for they provide shelter
and nourishment to thousands of marine flora and fauna with a complex web of reef species
in the world is still unknown, but up to 3,000 species can be found together on a single
Caribbean reef. Only tropical rain forests estimated by some to be home to staggering 30
million insects, reefs contain a larger number of vertebrates than rainforests. Reefs also contain
many more major animal groups (phyla) than any other ecosystem on land or in the sea. The
richest reefs, with the greatest diversity of plants and animals are in the region bounded by
Indonesia, Malaysia, the Philippines and southern Japan. Of the 700 or so reef coral species
that are known in the world, 600 are found in this region; over 400 are found in the Philippines
and Japan, and about 350 in Indonesia, upto 200 corals may occur on a single reef in this
region. This high diversity extends equally to other reef associates area of reefs found here
and partly because of the greatest area of reefs found here and partly because of its geological
history. The variety of species on a reef decreases eastwards across the Pacific.
In India, all the three major reef types such as atolls, fringing reefs and barrier reefs occurs,
and the region includes some of the most divers, extensive and least disturbed reef areas of
the Indian Ocean, many of which are among the least scientifically known. The mainland coast
of India has two widely separated areas containing fringing reefs: the Gulf of Kutch in the
northwest, which has some of the most northerly reefs in the world, and Palk Bay and Gulf of
Mannar in the southeast. There are patches of reef growth on the West Coast, for example
coral reefs at Malvan. The Andaman and Nicobars also have fringing reefs around many
islands, and a long barrier of Andaman may prove to be the most diverse in India and those
in the best condition. The Lakshadweep has extensive atoll reefs.
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Fig 2. Coral reefs zones in Indian coast
(Source: http://www.incois.gov.in/portal/CoralReef.jsp)
The absence of reef in the Bay of Bengal (North East Coast) is attributed to the immense
quantity of fresh water and silt brought by the rivers such as Ganga, Krishna and Godavari.
Satellite imagery (SAC, Ahmedabad) shows scattered patches of corals in the intertidal areas
and occasionally at subtidal depth along the west coast of India notably at Ratnakiri, Malwan
and Rede Port. However, the east coast is found to have submerged reefs along the Cormandel
coast.
A total of 478 species of corals divided among 89 genera are recorded from India, including
Lakshadweep, the Gulf of Kachchh, Palk Bay and Gulf of Mannar and Andaman and Niciobar
Islands, which is about 60% of the total known hermatypic genera from the world. A
comprehensive list of species from the Indian Ocean is not yet available.
Among the four major reef areas of India, Andaman and Nicobar Island are found to be very
rich and Gulf of Kachchh, the poorest in species diversity. Lakshadweep Islands have more
number of species than the Gulf of Mannar. About 97% of Indian genera recorded from
Andaman and Nicobar Islands, where as other reefs constitute merely 40%. This indicates the
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high degree of coral diversity in Andaman and Nicobar Islands has all the families (100%) which
are recorded from other major reefs of India.
The total area of coral reefs in India is estimated to be 2383.87 km2 (SAC, 2010). All reefs areas
in India are not effectively brought under PA network, however, it is significant to note that 3
out of 5 designated MPAs are meant for the conservation of coral reef areas in Andaman
Nicobar is under the coverage of Marine protected Area. For Gulf of Kachchh, the entire reef
area is not covered under the MPA jurisdiction, and the total reef extent exceeds the total area
under MPA. Data on the actual reef under protection is not available for this region.

Coscinaria monile

Favia favus

Mangroves
Mangrove forests form one of the most extraordinary ecological formations occurring almost
exclusive in the tropics. These are salt – tolerant ecosystems of tropical intertidal coastal
regions near river mouths. Between latitudes 30°N and 30°S, N the shoreline marsh vegetation
is replaced by mangals (a community of mangroves is termed as mangal).
They form highly productive ecosystem since inorganic nutrients, brought in by the incoming
freshwater from land run-off, are trapped to form the source of energy for many organisms.
Through the export of decomposable organic matter into adjacent coastal waters, the
mangroves provide an important nutrient input and primary energy source for many tropical
estuaries.
A mangroves ecosystem constitutes a reservoir, refuge, feeding ground and nursery for many
useful and unique plants and animals confined to this region. Hence, they have great
ecological, social and economic significance. These areas are important for marine fisheries,
serving as they do as nurseries for many species of finfish and shellfish. They also provide a
wide variety of goods and services including wood production and shoreline protection from
cyclones and tropical storms and coastal erosion control.
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The multiple uses of the coastal zone, in general, and the mangroves in particular, like
recreation, tourism, forestry, agriculture, aquaculture, housing and commercial fishing are all
well known, as also the fact that this zone is very highly productive and also thickly populated.
A major concern with the increasing use of this zone and its resource relates to coastal
pollution by domestic industrial, municipal and agricultural wastes and late due to oil
exploration.

Fig 3: Mangroves ecological zones of India
(Source: http://www.fao.org/docrep/x8080e/x8080e07.htm)
India has only 2.66% of the world’s mangroves, 6.42% of mangroves exist in the South and
Southeast Asia, 9.83% in America, 17.29% in West Africa, 25.69% in Australia and 46.65% of
mangroves in East Africa and Middle East. Three types of mangroves occur in India viz., deltaic
mangroves occur on the east coast (Bay of Bengal) where the mighty rivers make the deltas
(e.g. World’s largest mangrove forest, Gangetic Sunderbans in West Bengal). The Sunderbans
mangroves are the deltaic type. The backwater-estuarine type of mangro0ves that exits in the
west coast (Arabian Sea) is characterized by typical funnel-shaped estuaries of the major rivers
(Indus, Narmada, Tapti) or backwaters, creeks, and neritic inlets. The insular mangroves are
presents in Andaman AND Nicobar Islands, where many tidal estuaries small rivers, neritic
islets, and lagoons support a rich mangroves flora.
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The total area of mangroves estimated as per data of 2009 is 4,662 km2 (FSI, 2011). The
Sundarbans has 30 of the 50 species of the true mangroves in the world. The mangrove area
in Orissa is nearly 222 km2 in extent and its degradation is placed at 20 km2 over ten years, as
per recent estimates. Andhra Pradesh has 352 km2 of mangrove area. The area under mangrove
ecosystem in Tamil Nadu is 39 km2. Out of India’s total area under the mangroves, about 57%
are found on the East Coast, 23% on the West Coast and remaining 20% on the Bay Islands
(Andaman and Nicobar). No data is available on the actual extent of mangroves in the Marine
Protected Areas of India. For some of the mangrove states it could be said that the entire
extent of mangrove area is less than the total area covered under the protection. This applies
to the states like West Bengal, Orissa, Andhra Pradesh, Tamil Nadu and Andaman and Nicobar
Islands. On the contrary, Maharashtra, Gujarat, Daman and Diu, Goa, Karnataka, Kerala and
Puducherry have additional mangroves extent outside the protected area.

Rhizophora mucronata
Sea grasses and seaweeds
Seagrass occurs in the infra-tidal and mid-tidal zones of shallow and sheltered localities of sea,
gulf, bays, backwaters and lagoons. They are submerged monocotyledonous plants and
adapted to the marine environment for completion of their life cycle under water. They form
a dense meadow on sandy and coral rubble bottoms and sometime in the cervices under
water.
In India occur along the east and West Coast and Andaman Nicobar and Lakshadweep Islands.
Earlier studies revealed that about 14 species are found along the Indian coast. The dominant
species are Cymodium rotundata, Enhalus acorodies, Halodule pinifolia pinifolia, H. uninervis,

H. wihtii, Halophila baccari, H. deeecipiens, H. ovalis, H. ovta, H. stipulacea, Syringodium
isoetifolium, Thalassia hemprichii and others. About 9 species of seagrasses are extensively
found in Andaman and Nicobar Islands. The unique ecological importance of the seagrasses
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for the conservation of rare and endangered animal like marine turtles, dugong, some
common echinoderms, juvenile prawns and fishes is very well known. The seaweed
communities prefer somewhat flat and rocky coastal wetlands that gradually slope towards
the sea with marked tidal effect of complete submergence during tidal effect of complete
submergence during high tide and successive exposure during low tide. Its distribution
extends from open shore formation to intertidal lagoons, bays, rockpools, and puddles or in
creeks and inlets beyond the low tide make along the infralittoral region of the coast. Different
species are abundant along the West Coast, Andaman and Nicobar Islands, and Lakshadweep.
Except the places like Chilka, Pamban, Gulf of Mannar and Cape Comorin, its occurrence along
the East Coast is very scanty.
About 120 species of species of seaweeds have so far, been recorded from the coastal wetlands
in India. Some of the importance seaweeds are Enteromorpha compressa, Ulva lactuaca,

Acetabularia crenulata, Dictyosphaeria cavernosa, Chaetomorpha media, Caulerpa
corynephora, C. paltata, Odium iyengarii, C.tomentosum, Halimedia macroloba, Dictyota
atomarica, Ectocarpus breviarticvulatus, P. olysiphonia vaariegata, Grateloupia indica,
Sargassam duplicatum and others. These plant communities serve as the sustainable life
support in the field of food, shelter, fertilizer, production of iodine, potash, glue, agar, algin,
vitamin, antibiotic and others. The detailed studies on Indian seaweed, their survey,
quantitative assessment and different problems for extracting valuable products for
commercial export are to be given more emphasis in the future.
Despite their ecological and economic significance, the area estimates of seagrass and
seaweed dominated ecosystems have not been carried out for the Indian coastal systems, with
the exception for Palk Bay and Gulf of Mannar (Manikandan et al., 2011, Umamaheswari et al.,
2009). These ecosystems outside the MPAs in India are to be mapped to be identified for
offering any MPA status. Several of the seagrass ecosystems are designated forage places for
dugongs and turtles have also not been notified. These lapses have to be urgently met with
for the conservation of these ecosystems and associated fauna.
Estuarine Environment
Estuaries are integral part of the coastal environment. They are the outfall region of the river,
making the transitional zone between the fluvial and marine environs. They are also effective
nutrient traps and provide a vital source of the natural resources to man and are used for
commercial, industrial and recreational purpose. Historically the term estuary has been applied
to the lower tidal reaches of the river. They may also semi enclosed and sheltered coastal
bodies of water. As they are semi-enclosed they provide the natural harbour for trade and
commerce. Most of the great cities of the world have developed around the estuaries. Of the
ten largest metropolitan areas in the world seven namely, New York, Tokyo, London, Shanghai,
Buenos Aries, Osaka and Los Angeles – border the estuaries area. In India, cities like Mumbai,
Kolkata, and Chennai are developed around the estuaries and the coastal population density
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has been quite high since many centuries. Even at the time of Harappan civilization,
exploitation of estuarine and riverine resources was intensive; for instance, an active GreekRoman sea trade flourished at the Indus delta (Mohan-jo-daro), the Ganga- Bramaputra delta
and the harbours in Bengal and South India.
Ecosystem diversity is reflected in the formation of estuaries at the mouth of 14 major river,
which together account for 83% of the total catchment area and 85% of the annual runoff into
seas around India (Qasim and Sengupta, 1984). These estuaries harbor lush mangrove
vegetation which add subsequently to the organic production. In some locations along the
coast, backwaters stretch over vast areas and have a few specialized faunal groups. The total
estimated area under the estuaries is approximately 2 million hectares and the backwater is
1.9 million hectares. Two lagoons, namely Chilka and Pulicat on the East Coast, are the
important wetlands as far as biodiversity is concerned.

Fig. 4. View of the Vellar Estuary in Tamil Nadu
Biodiversity in this ecosystem is very impressive. They are the best settling places for clams
and oysters. They also act as nursery ground for a variety of shrimps and some finfishes. In
India there are 113 major and minor rivers. The health status and the biological diversity of the
Indian estuarine ecosystem are deteriorating day by day due to man-made activities and
dumping of enormous quantities of sewage into the estuaries, which has drastically reduced
the population of the mature fishes. It has also caused considerable ecological imbalance of
their flora and fauna.
Lagoons
Coastal lagoon is a shallow coastal water body separated from the ocean by a barrier,
connected at least intermittently to the ocean by one or more restricted inlets and usually
oriented parallel to shore. The ocean entrance(s) can at times be closed off by sediment
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deposition as a result of wave action and littoral drift. Coastal lagoons are usually found on
low-lying coasts and are normally aligned with their largest diameter parallel to the seashore.
A number of lagoons are on the east and West Coast of India. There are 17 noteworthy lagoons
(8 on the east and 9 on the west) along the Indian coast.

Fig 5: View of lagoon (source: https://en.wikipedia.org/wiki/Indian_River_Lagoon)
The East Coast of India, extending from the international border of India and Bangladesh in
the north east, to Kanyakumari in the south is 2,545 km long. It covers the states of West
Bengal, Orissa, Andhra Pradesh, and Tamil Nadu. It is over 2 million km2 in extent and acts as
the recipient of mighty rivers of the subcontinent viz. the Ganga and Brahmaputra. The lagoons
of east coast of India are Chilka, Pulicat, Pennar, Bendi, Nizampatnam, Muttukadu, Muthupet
and Gulf of Mannar.
Along the West Coast of India, there are nine important coastal logoons. With their connecting
canals they stretch from north of Calicut to Trivandrum on the south. Typical examples are the
Ashtamudi lagoon near Alleppey among others. Other lagoons in the west coast of India are
Paravur, Ettikulam, Veli, Murukumpuzha, and Talapady.
Pelagic and benthic ecological zones
The fauna of the marine ecosystem is not evenly distributed throughout the oceans. It is
estimated that 90 percent of marine species live in about 50 million sq. km of the total 352
million sq. km. The patterns of biodiversity are determined by the availability of light in the
sea. The pelagic ecosystem is dominated by plankton, which is classified on the basis of size
as picoplankton (0.2-2 mm), nanoplankton (2-20 mm) microplankton (20- 200 mm).
Mesoplankton includes copepods, rotifers etc. Larvae of many benthic invertebrates represent
mesoplankton. Sponges, coelenterates, molluscs and echinoderms have planktonic larvae.
Copepods, cladocerans, mysiids, rotifers, chaetognaths, hemichordates and protochordates
have planktonic adults.
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Fig. 6. Pelagic and benthic ecological zones
The rich nutrient present in the coastal waters forms the basis for the presence of many species
of diatoms whereas the nutrients deficient oceanic waters contain dinoflagellates. Also there
is generally a gradual decline in phytoplankton abundance from coastal to oceanic water.
Plankton plays important role in the primary productivity. It also produces half of the world’s
oxygen and fixes 27 giga includes nekton represented by shrimpfish, squid, cattle fish, reptiles,
whales and sea cows. Pelagic life thus has a tremendous diversity in form and function.
Dominant taxa in the nekton are fish represented by about 4000 species in the Indian Ocean,
of which about 50% occur in Indian seas. Majorities of these species occur in coastal water
supporting valuable fisheries. Among the reptiles, sea snakes and turtles are important and
represented by 50 and seven species in the world respectively. These are generally oceanic
forms but majorities of these often swim near to the shore and visit the shore at some part of
their life. About 26 species of snakes belonging to one family Hydrophiidae and five species
of sea turtles were reported from seas around India. The seashore offers a veritable feeding
and breeding ground for a number of birds. From the available data it has been inferred that
there are 12 families, 38 genera and 145 species of seabirds, which occur, in the coastal
ecosystem.
Till recently deep sea, which constitute a major part of the ocean, was perceived as species
poor environment. But now the estimates of the numbers of species in the deep seas range
from 5-10 million. This staggering range reflects our attempt to fill up the gap that hitherto

INDOMER

L1 - 24

exists in our knowledge of marine biodiversity. It is now well established that oceans are rich
in super specific categories, especially at the phyletic level. Out of the 32 animal phyla recorded
so far from the world, 15 are endemic to the sea, five have predominantly marine occurrence.
The taxonomic status of the groups representing the evolutionary branches off Protista is in
fluid state. The kingdom is divided into 70 phyla. As many as 1000 new species are discovered
every year. From the recent studies it is found that the number of benthic invertebrates
includes millions of species of 60,000.
4. Occurrence of various marine flora and fauna
Phytoplankton
Diatoms: Diatoms are the dominant component of phytoplankton in all the Indian estuaries
and the coastal waters from where detailed inventories of floristic composition and seasonal
changes are available. Among the estuaries of the east coast, phytoplankton composition has
been studied in detail only from Hooghly, Rushikulya, Godavari, Couum, Ennore, Adyar and
Vellar. A total of 102 species of diatoms belonging to 17 families are known from the east
coast, with the largest diversity pertaining to Naviculaceae (21 spp) and Chaetoceraceae and
Coscinodiscaceae (11 species each).
Diatoms

Asterionella glacialis

Bacillaria paradoxa

Bacteriastrum comosum

Bellerochea malleus

Chaetoceros coarctatus

Chaetoceros affinis
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Coscinodiscus centralis

Coscinodiscus gigas

Dinoflagellates: The dinoflagellate species diversity in the east coast estuaries is relatively
small (15 species in 7 families) compared to the west coast estuaries (76 species from 10
families). The family Dinophyceae is the dominant with 18 species followed by Peridiniaceae
and Ceratiaceae with 13 and 10 species each, respectively. Unlike the diatoms, the number of
estimated dinoflagellate species in the marine environment varies from 1000 to 2000.
Compared to these, the current inventory of dinoflagellates in the Indian waters appears too
small. Such inventories, however, do not distinguish between truly tropical species and others
that are cosmopolitan.

Ceratium macroceros

Ceratium tripos

C. inflatum

Dinophysis caudate

Protoperidinium depressum

Protoperidinium oceanicum
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Peridinium divergens

Prorocentrum micans

Pyrophacus steinii

Marine Algae
Marine algae from Indian coasts have been fairly well surveyed since several decades. The
latest systematic account lists 844 species (including forma and varieties) distributed among
217 genera. The most abundant among them are rhodophytes (434 species), followed by
chlorophytes (216 species), phaeophytes (191 species) and xanthophytes (3 species). Among
these, the maximum number of species has been recorded from Tamil Nadu (302), followed
by Gujarat (202), Maharashtra (152), Lakshadweep (89), Andhra Pradesh (79) and Goa (75)
(Fig.2.3). The scanty records in other maritime states, especially the Andaman and Nicobar
Islands, may not necessarily mean a paucity of algal species but may rather reflect a lack of
intensive surveys.
Zooplankton
Zooplankton is a categorization spanning a range of organism sizes including
small protozoans and large metazoans. It includes holoplanktonic organisms whose
complete life cycle lies within the plankton, as well as meroplanktonic organisms that spend
part of their lives in the plankton before graduating to either the nekton or
a sessile, benthic existence. Although zooplankton are primarily transported by ambient water
currents, many have locomotion, used to avoid predators (as in diel vertical migration) or to
increase prey encounter rate. Zooplankton plays an important role to study the faunal biodiversity of aquatic ecosystems. Its occurrence and distribution influences the fishery
potentials. The fishes mostly breed in areas where the planktonic organisms are plenty so that
their young ones could get sufficient food for survival and growth. The zooplankton
composition includes the members of Foraminifera, Rotatoria, Calanoida, Cyclopoida,
Harpacticoidea, Doliolida, Appendicularia, Decapoda, Sagittoida, Amphipoda, Coelentrata,
Pteropoda, Cladocera and larval forms.
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Paracalanus parvus

Labidocera sp.

Centropages furcatus

Oithona rigida

Protozoans
The known number of protozoan species from India is 2577, equivalent to about 8% of the
total world protozoan fauna. Among them, 1064 species are marine, and the remaining are
free-living and parasitic species. Out of seven protozoan phyla only one viz. Labyrinthomorpha
has not yet been reported from India.
Foraminiferans
The most important phase of documentation of foraminiferan fauna began with the Challenger
Expedition (1873-1876), giving rise to detailed descriptions of deep and shallow water
Foraminifera. Contemporary studies began with International Geophysical Year in 1958 and
the International Indian Ocean Expedition (1962-1965). The major part of the work on this
group was along the east coast of India. Comparatively less work has been done on the west
coast of India and the Arabian Sea. Mention may be made on the description and distribution
of 164 species from Kerala coast, 12 species of benthic foraminifera from Kochi backwaters,
description of 277 species from bottom samples near Lakshadweep Islands, 12 species from
Juhu Beach, Bombay and a series of papers describing 84 species from shallow waters of Gulf
of Cambay. The study on the distribution and ecology of benthonic and planktonic forms in
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the sediments of the Andaman Sea appears to be the only one from the Andaman and Nicobar
Islands (Venkataraman and Wafar, 2005).
Tintinnids
The order Tintinnida comprises of more than 1000 species of marine ciliates that form an
important component of the microzooplankton. A total of 32 species belonging to 12 genera
are known from Indian waters. The degree of abundance of tintinnid populations seems to
coincide with diatom and dinoflagellate blooms, however, the persistence of such “swarms”
appear to be controlled by the larger zooplankton grazers, such as copepods, chaetognaths,
bivalve and gastropod veligers. More studies on diversity, biology and other ecological aspects
of the tintinnids are needed.
Sponges
This group has an evolutionary history of about 570 million years and so far, 486 species have
been described in India. The sponge Desmospongia followed by those of Hyalospongiae and
Calciospongiae. Also 34 species of coral boring sponges (20 from Gulf of Mannar and Palk Bay,
5 from Andaman and Nicobar Islands and 18 from Lakshadweep reefs) have been recorded.
The Gulf of Mannar and Palk Bay region has the highest diversity (319 species) followed by
Andaman and Nicobar Islands (95 species), Lakshadweep (82 species and Gulf of Kachchh (25
species)
Cnidaria
The global estimates of cnidarian diversity vary between 9000 and 12,000 species. In India 212
species of Hydrozoa, 25 species of Scyphozoa, 5 species of Cubozoa and 600 species of
Anthozoa have been reported till now. Since all groups of Cnidarians have not received
adequate attention of Indian taxonomists, the above figures cannot be taken as final.
Hydrozoa
The first description of hydrozoans in India was by Annandale from Chilka Lagoon and
subsequently 35 species under 28 genera and 116 species belonging to 13 families were
reported from India. Among these forms, species of the orders Milliporina, Stylasterina and
Trachylina have received only scant attention so far.
Siphonophora
Siphanophora are abundant in the Indian seas and constitute an important part of the marine
plankton. The siphanophores from the Indian Ocean have been studied by several workers
from the West and East Coasts of India and those collected by R. V. ‘Vityaz’ along 90-110º E
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longitude down 35º S latitude. A comprehensive account of Siphanophora of India shows 116
valid, one variety and 3 doubtful species known from the Indian Ocean of which 89 occur in
the Indian Seas. The recent studies on the hard corals in Andaman and Nicobar islands by
Zoological Survey of India revealed 301 species. Among the four major reef areas of India,
Andaman and Nicobar Islands are rich in coral species diversity whereas those of Gulf of
Kachchh is poorer. Lakshadweep Islands have more number of species than those of the Gulf
of Mannar. Among the deepwater (ahermatypic) corals so far 686 species belonging to 110
genera and 12 families have been reported from the world of which 227 species belonging to
71 genera and 12 families have been reported from the Indian Ocean region. However, meager
attention has been paid so far to inventories the deepwater corals and as a result, only 44
species are known until now from Indian Seas.
Scyphozoa: Scyphomedusae
The earliest records of Scyphozoa in Indian Seas were made from Lakshadweep, Maldives, Sri
Lanka and Okhamandal Coast of Kattiawar. In the Indian seas several cruises of the R.I.M.S.
‘Investigator’ and coastal surveys by the Officers of the Zoological Survey of India have yielded
a collection of 24 species, which form the Indian National Collections in the Zoological Survey
of India, Kolkata. In addition, several cruises of the R. V. ‘Chota Investigator’ along the Madras
Coast from 1972 to 1983 revealed the occurrence of 19 species of which 11 were already
known from the Indian seas. Thus, out of the 200 species of Scyphomedusae known from the
World Oceans, 34 are known from the Indian Seas.
Ctenophora
Only 12 species of Ctenophores, among the 100-150 species known from the world ocean,
occur in the Indian seas. This inventory is derived from sporadic studies carried out several
decades ago. Since then there has been no studies on Ctenophores in India so far.
Annelida: Archiannelida
Pioneering studies on archiannelids of India were made along Madras coast from which 2
species of Polygordius, 2 species of Protodrilus and 4 species of Saccocirrus were described as
new to science. Thus, compared to the vast stretch of Indian coast, the investigations hitherto
carried out on Archiannelida are quite limited and any further intensive surveys of the fauna
in other areas are quite likely to yield interesting results. The world records of Archiannelida
hitherto made fall under 5 families, 18 genera and over 90 species, of which about 20 species
are reported from Indian coasts.

INDOMER

L1 - 30

Polychaeta
In the phylum Annelida, the Polychaeta have received considerable attention from 1909.
Survey of this group actually started with “Polychaeta of Chilka Lake” followed by the littoral
fauna of Krusadai Island in the Gulf of Mannar (nearly 36 species under 11 families and 119
species under 22 families). Perusal of literature shows that most of the records pertaining to
this group are either from the Madras Coast or the Gulf of Mannar. Central Marine Fisheries
Research Institute (CMFRI) has listed 200 species under 46 families in the catalogue of types
and reference collections. From the collections of Zoological Survey of India and the Indian
Museum 450 species have been described. The catalogue of the polychaetous annelids from
India lists 883 species.
Oligochaeta
Marine Oligochaete fauna is poorly known in India, and most of the species are recorded from
littoral zones of small freshwater bodies like ponds, tanks, pools, ditches, etc., all over the
country. The Enchytraeidae (pot-worms) occur in terrestrial, littoral and marine habitats, being
abundant in acidic soils with high organic matter. As compared to the world fauna, only 3% of
enchytraeid species have so far been reported from this region, mainly from Orissa.
Sipuncula
The pioneering work on the Indian Sipuncula dates back to early 20th century. Of the 145
species under 17 genera known from the world oceans, 35 species under 10 genera and 5
families occur in the Indian coasts. So far as the distributional pattern of the sipunculan fauna
is concerned the major areas of species concentration are Andaman and Nicobar Islands,
Lakshadweep Islands, Gulf of Mannar and Gulf of Kachchh.
Echiura
The phylum Echiura comprises of 127 species under 32 genera and 5 families. Studies on Indian
echiuran fauna began only in the early 20th Century. Subsequent studies had enriched
knowledge on Indian echiuroids so much so that the current inventory of 33 species under 11
genera is fairly rich in comparison with what is known (43 species under 14 genera) from the
Indian Ocean. Maximum abundance of echiurans is in Gulf of Kachchh, Gulf of Kambath,
Lakshadweep, Andaman and Nicobar Islands and Gulf of Mannar. Mud-dwelling forms are few
in numbers and are found in Kerala, West Bengal and Orissa.
Chaetognatha
Chaetognaths (arrow worms or glass worms) rank second in terms of abundance after
copepods in marine zooplankton and are cosmopolitan in distribution. They are mostly marine,
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but a few species are estuarine. Among the 120 species known from the world oceans, about
30 are reported from the Indian Seas. Chaetognaths have been extensively studied in Indian
waters and from various coastal and oceanic sites: Mumbai, Chennai Coast, Kurusadai Island,
Mandapam area, Trivandrum coast, Malabar Coast, Lawson’s Bay, Waltair, Ennore estuary,
Andaman Sea and coastal and offshore waters. In contrast with this numerous study,
chaetognaths of the deeper waters of the seas around India and those of Andaman and
Nicobar Islands and central and northern parts of the Bay of Bengal are not well known.
Tardigrada
Tardigrades occur as meiofauna in the sandy beaches up to 2 or 3 m from water’s edge of
seacoast. Among the three orders of the Phylum Tardigrada, the Heterotardigrada is found in
marine, freshwater and high altitude mountains. So far 214 species are reported from the world
under five families and 20 genera. However, in India only 10 species under two families and
three genera have been reported as meiofauna of marine region154.
Arthropoda: Crustacea
Global estimates of Crustacean species diversity are 150,000 of which 40,000 have been
described so far. Of the 2934 species of Crustacea that have been reported (Venkataraman
and wafar, 2005) so far, marine species (94.85%) contribute maximum to this diversity. In India
as many as 139 species of stomatopods (4 families and 26 genera), 26 species of lobsters (4
families, 11 genera), 162 species of hermit crabs (3 families, 40 genera), 705 brachyuran crabs
(28 families, 270 genera), 84 species of shrimps and prawns (7 families, 19 genera) and 159
species of Caridea (15 families, 56 genera) have been recorded so far. Other than these, 540
species of copepods, 104 species of cirripeds, 120 species of ostrocods have also been
recorded.
Copepoda
Copepods are the most widely studied group among the marine zooplankton. There are
approximately 210 described families, 2,280 genera and over 14,000 species in the world.
Largely as a result of these studies as well as several others since then it is now known that
there are 540+ number of copepod species in Indian waters. Among these, the most dominant
group is Calanoida, with the Cyclopoida and Harpacticoida being relatively less important.
Only very few papers dealing with marine Harpacticoida of
India and neighboring seas have been published so far. A total of 106 species belonging to 23
families are known from the east coast estuaries.
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Ostracoda
The Ostracoda are one of the most successful aquatic crustacean groups with approximately
8000 living species. The six extant and extinct orders are ubiquitous and diverse, with over
50,000 named species andgenera and more awaiting study. Only 60+species of ostracods are
known from the Indian coast of which 38 species are known from the east coast and 28 species
from the west coast.
Branchiura
Our knowledge of this group from the Indian region is rather scanty. It is not until 1951, when
Ramakrishna contributed to our knowledge of the Indian species of arguulids found parasitic
on fishes, that the group received adequate attention. He described five species of the genus

Argulus of which three were described as new to science.
Cirripedes
Information on the diversity of Cirripedia of Indian coast is far from complete, with only 36
species having been recorded so far. Even these records are rather sketchy and have low
geographical coverage.
Malacostraca: Mysidacea
The foundation of our knowledge on the Indian mysids was from the published work on the
‘Mysidacea of the Indian Ocean’ based on materials collected from epipelagic waters down to
200 m during the International Indian Ocean Expedition (IIOE). There are about 160 species
are more or less restricted to the littoral environment. About 300 species are confined to the
neritlc region, 30 are epipelagic and over 200 live in the meso and bathypelagic regions and
in India there are about 75 species have been reported so far.
Cumacea
Cumacean species are little known from Indian seas. So far, studies on Indian cumaceans
revealed 69 species belonging to 3 families and 8 genera.
Tanaidacea
Our knowledge of Tanaidacea is rather poor from the Indian region. Chilon contributed a
paper dealing with a species of the group from the Chilka Lake.
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Isopoda
Very little is known about the marine isopods when compared to terrestrial isopods of India.
Chopra contributed a monumental monograph on the Bopyrid isopods of Indian Macrura
wherein 33 species pertaining to 13 genera were described from Andaman Islands, Delta of
Ganges and Madras and other areas. Chopra contributed another paper on the Bopyrid
isopods on Indian Macrura. The collection included 12 species pertaining to 7 genera collected
mostly from the Andaman and Nicobar Islands, Delta Ganges, Gulf of Mannar and Bombay.
The contributions on the marine woodborers from 1963 to 1968 by various Indian authors
revealed six species of the genus Sphaeeroma and nine species of Limnoria from the Indian
waters.
Amphipoda
Studies on the amphipods of the Indian and the neighboring waters received the attention of
Zoologists only as late as 1885. Sixteen species amphipods were reported from Krusadai Island,
Gulf of Mannar and the neighbouring waters. Many amphipod species were reported from the
collection made from Travancore, Cochin and Bengal coasts by the Zoological Survey of India.
Apart from the record of the three species of amphipods off the coast of Mahabalipuram, a
brief note about the occurrence of three species of amphipods at Adyar in Madras. Scientists
of Zoological Survey of India compiled a detailed account of the intertidal Gammarid
amphipods from the Indian coasts and listed 132 species pertaining to 54 genera.
Euphausiacea
The earliest account on Indian euphasids is known through the work of Wood-Mason and
Alcock. Among the Indian coasts 23 species of euphasids from the Laccadive and Maldive as
well as from adjoining regions two species from South West Coast of India have been recorded
so far.
Stomatopoda
Kemp published a monograph on Indo- Pacific stomatopods comprising of 139 species and
varieties known till then. Kemp and Chopra published papers on the stamatopods form
collection of the John Murry Expedition (1933 –34) made by Sewell. After a gap of two decades
a series of papers were published highlighting the present knowledge of Stomatopoda in the
Indian waters. The study of Stomatopoda of India is, however, far from complete.
Decapoda: Macrura
Decapoda as a whole has received a good attention from scientific workers compared to other
groups. The earliest to contribute was de Man who, in a series of papers, referred to the
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Decapod collection from the brackish water ponds of Lower Bengal. The contributions of Kemp
to the study of Indian Crustacea are among the most noteworthy of the group. His
contributions on decapods crustaceans of the Indian Museum published in 24 parts in the

Records of the Indian Museum contains systematic account of various marine and brackish
water forms belonging to the families Hippolytidae, Carangonidae, Disciadidae, Palaemonidae,
Pasiphasidae, Stylodactylidae, Rhynchocinetidae, Pacdalidae and Anchistodidae in which,
species from most varied habitats have been reported.
Brachyura
There are about 254 species of crabs belonging to 120 genera under 24 families recorded
along the west coast of India. Among these, the names of 100 species have been revised. 22
families and 37 subfamilies represent brachyuran crabs Family Leucosiidae represented the
higher number with 20 species followed by subfamily Thalamitae of family Portunidae (19
species). Family Xanthidae alone is represented by 10subfamilies of which the subfamily
Zosiminae is represented by 14 species.
Anomura
Sarojini and Nagabhushanam gave a detailed account on the Porcellanids from the Waltair
Coast. Scientists of Zoological Survey of India listed twenty species pertaining to the families
Paguridae and Coenobitidae. The study on the Anomuran crabs is far from complete and more
studies are needed in this group.
Mollusca
The history of malacological study in India is immense and interesting. Studies on Indian
molluscs were initiated by the Asiatic Society of Bengal (1784) and the Indian Museum,
Calcutta (1814). Benson in 1830 was perhaps the first author to publish a scientific paper on
Mollusca. Between the years 1830 and 1865 he published a total of about 90 papers dealing
with the land and freshwater molluscs of the Indian subcontinent. The beginning of the 20th
century is the most productive and significant period in the history of Indian Malacology, with
the Zoological Survey of India, Central Marine Fisheries Research Institute and several maritime
universities contributing immensely to the knowledge of the molluscan fauna. In India, till
today, 5070 species of Mollusca have been recorded of which, 3370 species are from marine
habitats. From the available data, it is possible to identify certain areas having rich molluscan
diversity. Andaman and Nicobar Islands have a rich molluscan diversity, which include over
1000 species from the marine region Gulf of Mannar and Lakshadweep have 428 and 424
species respectively.

INDOMER

L1 - 35

Bryozoans
Although regarded traditionally as a minor phylum, the group contains as many as 20,000
described species actually occupying an intermediate position in the hierarchy of animal
phylum in respect of species representation. Of these, approximately 4,000 species are living.
At least 200 valid species occur in India.
Entoprocta
The Entoprocta are predominantly marine having about 60 species known from the world with
the exception of one genus in freshwater. Reports of Entoprocta from India are scanty except
for the brackish and marine water species reported by Annandale and Harmer. The diversity
in Entoprocta is limited and restricted basically to the following three families viz.,
Loxosomatidae, Pedicellinidae and Urnatellidae.
Echinodermata
Plancus and Gualtire made the first report on Indian echinoderms from Goa in 1743 and the
next one in 1830 was by Collier on the beche-de- mer. Subsequently, other studies accounted
a few new species from the Bay of Bengal. Most of what we know of the echinoderm fauna is
from examination of the collections from expeditions such as Investigator, Challenger, Valdivia
and John Murray. India has 765 species (Crinoidea: 13 families, 43 genera 95 species;
Astereroidea: 20 families, 81 genera and 180 species; Ophiuroidea: 15 families, 67 genera 150
species; Echioidea: 28 families, 79 genera 150 species; Holothuroidea 14 families, 62 genera
160 species) recorded until today and about 257 species are known from Andaman and
Nicobar Islands. Lakshadweep has 77 species and the Gulf of Mannar, 112 species.
Hemichordata
Phylum Hemichordata is divided into three classes, i.e. Enteropneusta, Pterobranchia and
Planctosphaeroidea. Of the four families known from the world only three families are
recorded from India. So far, 102 species are recorded from the world of which 12 are known
from India. Genera such as Ptychodera, Glossobalanus, Glandiceps have been collected from
the Gulf of Mannar, Gulf of Kachchh, Andaman Islands, Lakshadweep and Maldive Seas, the
Tamil Nadu coast up to Cape Comerin and the Saccoglossus has been recorded from the high
saline marshy areas of Sunderbans in West Bengal. The only commonly available enteropneust
worm in India is Ptychodera flauva.
Protochordata
This phylum includes two subphylum Cephalochordata and Urochordata. Worldwide the
diversity of cephalochordates includes 2 families, 2 genera and 24 species and in India 6
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species are reported under 2 families and 2 genera. The subphylum Urochordata is divided
into class Ascidiacea (sea squirts) that are sessile or benthos attached to substratum on the
coral reef, Class Thaliacea (= salps) and Class Larvacea that are planktonic. About 2000 species
of ascidians are reported from all over the world of which 47 are reported in India (9 families,
21 genera). Out of 57 species of Thaliacea reported from the world, 48 species (four families
and 19 genera) occur in India and out of 25 species of Larvacea reported from the world 18
(two families 14 genera) are reported from India.
Fishes
The history of ichthyology in India is colossal and interesting. Brief histories of Indian
Ichthylogy may be found in Day and Whitehead and Talwar245. Among the books published
on Indian fishes, Francis Day’s (1875-1878) treatise “The fishes of India” is of greatest
importance. The publications on “Commercial sea fishes of India” by Talwar and Kacker is
noteworthy in our knowledge of fish faunal resources of India besides many other research
publications by other scientists. Fishes comprise about half the total number of vertebrates.
The number of estimated living fish species might be close to 28,000 in the world. Day has
described 1418 species of fish under 342 genera from the British India. Talwar has described
2546 species of fish belonging to 969 genera, 254 families and 40 orders (Fig. 2.11). The
distribution of marine fishes is rather wide and some genera are common to the Indo-Pacific
and the Atlantic regions. 57 percent of the Indian marine fish genera are common to the Indian
Ocean and to the Atlantic and Mediterranean.
The exact number of species associated with coral reefs of India is still to be found, however
the number of fishes in Indian Ocean is 1367 species. The Lakshadweep Islands have a total of
603 species of fishes. Over 1000 species are found in the Andaman and Nicobar Islands and
about 538 in the Gulf of Mannar Biosphere Reserve. The categories of fishes occurring in coral
reef ecosystem of India includes groups such as the damselfishes (52 species), butterfly fishes
(32 species), sweat lips (16 species), angelfishes (16 species), parrot fishes (14 species),
snappers (42 species) and most of the wrasses (53 species), groupers (43 species) and
surgeonfish (18 species). Another 20% are composed of cryptic and nocturnal species that are
confined primarily to caverns and reef crevices during daylight periods.
Reptiles
About 26 species of sea snakes belonging to the family Hydrophiidae and five species of sea
turtles have been reported from seas around India. All the sea snakes and four species of
turtles in their marine environment are known from islands of Andaman and Nicobar. Studies
on sea turtles occurring in the coastal waters of India and their nesting grounds were neglected
till Smith focused our attention on these giants among the sea reptiles. Seven species of sea
turtles are found in the world’s warm oceans of which five species are reported in India. Of
these Leatherback sea turtle, Dermochelys coriacea is the sole representative of the family
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Dermochelyidae and is a rare species. The remaining four species namely the Green turtle
(Chelonia mydas), the Olive Ridley (Lepidochelys olivacea), the Hawksbill (Eretmochelys
imbricata), and the Loggerhead (Caretta caretta) are contained in a single family, Cheloniidae.
Marine Mammals
Marine mammals belong to three orders Cetacea, Carnivora and Sirenia. A little over 120
species are estimated to occur world over and of these 40 are reported from Indian Ocean and
29 species of marine mammals belonging to the order Cetacea and Sirenia are reported from
Indian waters. However, a majority of these are oceanic forms and occasionally a few
individuals may get stranded on the shore. Sea cow, Dugong dugon occurs in near shore
waters of Gulf of Mannar, Gulf of Kachchh and Andaman and Nicobar Islands. Dolphins and
some of the whales that live or breed in tropical waters, such as humpbacks, are occasionally
seen near shore areas. The Government of India has so far listed three species of cetaceans
(Irrawady dolphin, Ganges River dolphin and sperm whale) and the dugong in Schedule I of
Wildlife Act, 1972 (amended in 1991). The current inventory of coastal and marine biodiversity
of India (Table 2.3) shows that many groups that are commercially and trophically important
are the ones that have been extensively inventoried, leaving several groups, notably the minor
phyla grossly understudied.
5. Methods of sample collection and analysis
Water Samplers
Van Dorn Bottle
•

Van Dorn Bottle was developed by Dr. W. Van Dorn. It is mainly used to collect the
water samples from any depth with help of messenger.

Fig. 6. Van Dorn Bottle
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Nansen bottle
•

The Nansen bottle is used to collect the water samples from any depth on a cable or
line with a messenger that makes bottle rotate 180 degrees while trapping water and
closing.
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•

Racks on side for reversing thermometers that record temperature of water when
rotated 180 degrees (thus, when bottle rotates, temperature at that depth is recorded)

Fig. 7. Nansen bottle
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Niskin Bottle
•

Niskin water sampler capable of taking water samples from any depth with the help of
messenger.

Fig. 8. Niskin Bottle
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
JZ Bacterialogical Bottle
•

Which have the ability to take the water samples from any depth and Water is sampled
in a sterile container for bacterial examination

Fig. 9. JZ Bacteriological Bottle
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
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Surface Sample Bottle
•

The surface sample bottle is used to collect the water samples from the surface of the
water bodies and it was operated by hand or at any depth visited by a scuba diver.

Fig. 10. Surface Sample Bottle
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Messengers
•

Most of the water samplers can be sent to a particular depth and then "triggered" to
take the water sample by a "messenger".

•

This is also the case with several other types of samplers (bottom, organism).

Fig. 11. Messengers
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Bottom sampler
Ekman Grab
•

The Ekman Grab is used to collect the bottom sediment (Mud or sand) samples from
the shallow water bodies.

•

Is made of brass and will bend if used to sample a rocky bottom.
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Fig. 12. Ekman Grab
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Petersen Grab
•

The Peterson Grab used to collect the sediment samples from rocky bottom at any
depth on a cable or line by free fall (no messenger needed.

•

Extremely heavy and can take a sample of the hardest rocky ocean bottoms (like
granite and marble).

Fig. 13. Petersen Grab
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Soft Bottom Modified Petersen Grab
•

It is used to collect the sediment samples from any depth.

•

It may need a few tugs to get a sample in water less than 20 feet deep.
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Fig. 14. Soft Bottom Modified Petersen Grab
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Wash Bucket
•

Samples from the Ekman Grab and Soft Bottom Modified Petersen Grab are often
processed with this in studies looking for organisms living in the sediments, the wash
bucket gets rid of most of the sediments and all that is left are the critters (worms,
snails, clams and small crustaceans) that live in the mud or sand.

Fig. 15. Wash Bucket
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Bottom Corer
•

The Bottom corer used to collect sediments without disturbing the layering.

•

It is directly used a hand without messenger. Bottom cores over 100 feet long are
taken during oil exploration.
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Fig. 16. Bottom Corer
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Animal and Plant Samplers
Standard Plankton Net
•

This net was used to collect the plankton samples. It is operated by a cable or line by
hand or behind a boat. It Can be towed vertically or horizontally, some have meters
that record the volume of water passing through the net, others have a device to keep
the mouth of the net closed until it reaches a certain depth and then to close it after
the tow.

•

Plankton nets come in a variety of sizes (from this relatively small net to nets with the
mouth over 10 feet across). The sizes of the openings (apertures) in the net itself also
vary and are used to describe the net as

•

Mesh Number 00 equals an aperture of .030 inches.
# 0 net = .023 inch mesh
# 2 net = .015 inch mesh
# 6 net = .0096 inch mesh
# 12 net = .0047 inch mesh
# 20 net = .0030 inch mesh
# 25 net = .0025 inch mesh

Fig. 17. Standard Plankton Net
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
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Deck Plankton Collector
•

On the deck of a boat or float with a pump that pumps water from a particular depth
through the net letting the overflow return to the ocean

•

Generally, a slow process and not as efficient as the Standard Plankton Net however
it is good when plankton from a particular depth is needed as the pump can be
turned on only when at a certain depth

Fig. 18. Deck Plankton Collector
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Folsom Plankton Splitter
• Folsom Plankton Splitter Used to split plankton samples equally so that the material in
the sample near the surface and near the bottom is equally split.
• It’s rotating a plankton sample in the enclosed drum.

Fig. 19. Folsom Plankton Splitter
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
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Sedgewick-Rafter Plankton Counting Chamber
• Sedgewick-Rafter Plankton Counting Chamber operate under the microscope.
• It is used to view 1 ml plankton of a plankton sample.
• By counting and recording only 1 ml of a large plankton sample it is possible to
estimate the numbers of plankters in the entire sample in a short period of time.

Fig. 20. Sedgewick-Rafter Plankton Counting Chamber
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Succession Plates
•

It is used to collect the fouling organisms by placing these (or any solid material) in
the ocean for a period of time.

•

Plates can be withdrawn periodically to determine the "succession" or organisms that
settle and grow there.

Fig. 21. Succession Plates
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Transects
•

It is used to describe (usually by counting and recording rather than taking)
organisms in an environment in reference to a line (rope or tape measure).

•

In any environment by hand. Several types of transects can be used depending on
the environment and time to do the study.

•

Line transects are done by recording all organisms touching the line, strip transects
are done by recording all organisms within a certain distance of the line, and spot
transects are done by recording all organism found at certain points along the line.
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Fig. 22. Transects
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Quadrats
•

Quatrats it is used to describe (usually by counting and recording rather than taking)
organisms in an environment found within the perimeter of a certain sized material

•

Operates: In any environments by hand. Several types of quadrats can be used, large
or small, square, round or triangular, etc. The one we will use is a square or rebar that
is 1/2 meter on each side so the quadrat is 1/4 of a square meter.

Fig. 23. Quadrats
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Biological Dredge
•

This instrument is used to collect the biological samples from rocky area at any
depth on a cable or line (generally with a hydraulic winch).

•

Often rips specimens off and can be destructive.
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Fig. 24. Biological Dredge
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
Otter Trawl
•

Organisms were collected on or near (within a few feet) sandy or muddy bottoms.

•

At any depth by cable or line by hand or hydraulic winch.

•

Used by fishermen for flatfish (sole, halibut, flounder) and shrimp.

Fig. 25. Otter Trawl
Isaacs-Kidd Midwater Trawl
•

It is used to collect the organisms from the water column. We can able to collect the
samples from any depth (not on the bottom) on a cable or line by hydraulic winch. This
is a model of the net; most are at least 10-15 feet square at the mouth.

INDOMER

L1 - 47

Fig. 26. Isaacs-Kidd Midwater Trawl
(Source: http://www.marinebio.net/marinescience/01intro/tosamp.htm)
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CORAL AND CORAL COMMUNITIES
Dr. K. Venkataraman
Former Director, Zoological Survey of India, Kolkata
1. Introduction
The reef building corals (Scleractinian or Hard corals) are the building blocks of coral reefs
and they cover nearly 0.9% of the world ocean. Coral reefs provide home for a number of
marine fauna and flora. Large portions of the world’s coral reef reported to occur within
the Indian Ocean (Venkataraman, 2006). The total area of coral reefs in India is less than one
percent of all the coral reef areas in the world. Till today, 1574 scleractinian coral species
belonging 25 families reported from the world, of which 19 families, 92 genera, 592 species
are reported from India by various researchers. The most diverse region of the world for
coral reefs is located in coral triangle viz. Philippines, Indonesia, Malaysia and Papua New
Guinea, with between 500 and 600 species of coral species in each of these countries.
Unfortunately, these are also some of the most threatened coral reefs of the world. In India,
the reefs are distributed along the east and west coasts. It covers about 5,790 km2 and is
divided into three major zones: The Andaman and Nicobar Islands; the coral reefs of the
mainland; and the Lakshadweep Islands. Reefs from mainland are Gulf of Kachchh, Gulf of
Mannar, Ratnagiri, Malvan and Orissa coast.
History of Coral reef studies in India: Research on the coral reefs in India started in mid19th century. The earliest coral reef study in the Indian waters was a brief account of the
Nicobar Islands by Rink (1847), who pointed out the various adverse effects of siltation in the
inshore waters on coral growth and gave an account on deep sea corals of the seas around
Andaman. Lt. Col. R.B.S. Sewell was the first person in India to conduct studies on corals.
Taxonomic studies of Indian corals were restricted to the pioneering works of Pillai (1971,
1971a, 1972), Scheer and Pillai (1974), Reddiah (1977), Pillai and Patel (1988), and Pillai and
Jasmine (1989) during the late 20th century. The total number of 199 species of scleractinian
corals recorded in the 1980s remains unchanged since then; only recently, when extensive
collections were made in Andaman Islands, nearly 100 new records were found
(Venkataraman et al., 2003). Rajkumar et al., (2010) reported nine corals from South
Andaman region; following this Raghuraman et al., (2010) recorded 26 scleractinian species
from Pongibalu reef, which is located at periphery of Mahatma Gandhi Marine National Park.
Later, 55 new hard corals reported by Madhan Chakaravarthy et al. (2010) and Mondal et al.,
(2010 a, b, c, d and e) from Middle and North Andaman reefs. Followed by these reports,
Ramakrishna et al. (2010) reported 82 species from all over the Andaman and Nicobar reefs.
Mondal et al. (2011a, b, c, d, e, f & g) contributed 44 new records from various islands of
Andaman and Nicobar Islands namely, Rutland, Rani Jhansi Marine National Park, Havelock
and Neil Islands, these report increased the species number to a notable amount. In
addition, status of corals and its associated fauna including tsunami affected areas have also
been studied.
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Coral Reefs in India: India has four major coral reefs; two reefs located at mainland India
and remaining are reefs are present in oceanic Islands. Mainland reefs are Gulf of Kachchh in
the northwest, Palk Bay and Gulf of Mannar in Southern tip of Mainland India. Offshore reefs
such as Andaman and Nicobar Islands, located southern east side of India and Lakshadweep
in the Arabian Sea which also have extensive reef diversity located western side of Indian
coast.
Gulf of Kachchh: About 600 km long coastline lined with patchy reef on the western coast
of India. Gulf of Kachchh comprises 42 islands, which harbour large variety of marine lives.
The tidal range in the Gulf is
Major coral reef areas in India
reported to be as great as 12 m,
but may have seasonal changes
with extreme low tides at certain
times of the year. The annual rain
fall in this area is > 5.0 cm with
maximum precipitation in JulyAugust.
Atmospheric
temperature varies from 100 – 350
C. The gulf of Kachchh is
elongated in the east west
direction and has an average
depth of 30 m.
Its coastal
configuration is very irregular
with a number of islands, creeks
and bays. Gulf of Kachchh has
fringing reefs, but due to the
high tidal amplitude, high
temperature, salinity changes
and high suspended particulate loads, which controls the coral settlement, coral growth and
gamete release these reefs restricted with shallow water corals.
Palk Bay and Gulf of Mannar: In Palk bay there is a barrier reef, less than 200 m wide and
at the depth of 6.0 m. The lagoon is shallow and can be waded through at lowest tides.
Thus, this reef restricts encrusting and boulder corals. Different types of reef forms such as
shore platforms, patch, and fringing type are also observed in the Gulf of Mannar regions.
The Gulf of Mannar reefs on the other hand are developed around a chain of 21 islands that
lie along the 140 km stretch between Tuticorin and Ramaeswaram. These islands are located
between latitude 8047’ N and 9015’ N and longitude 78012’ E and 79014’ E. The
islands centered about 8 km away from the main land. They are a part of the Mannar barrier
reef, which are about 140 km long and 25 km wide between Pamban and Tuticorin. Narrow
fringing reefs are located mostly at a distance of 50 to 100 m from the Islands. On the other
hand patchy reefs rise from depths of two to nine m and extend to one to two km in length.
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Reef flat is extensive in almost all the reefs in the Gulf of Mannar. Reef vegetation is richly
distributed on these reefs.
However, unusual monsoon, coral mining and high
sedimentation load affects the visibility, and mostly restricted to large corallites possessing
corals like Faviidae.
Lakshadweep Islands: Lakshadweep Islands scattered in the Arabian sea about 255 – 450
km away from Kerala, which consist, chain of coral atolls and reef on a continuous submarine
banks like Andaman western invisible coral banks, covering a distance of over 2000 km.
Geographically, the Islands lie between 80 N - 1203’ N lat. and 710 E - 740 E long. There are
six tiny islands, 12 atolls, three reefs and five submerged banks, covering an area of 32 sq km
with lagoons occupying about 4200 sq km. The islands consist of coral formations built up
on the Laccadives – Chagos submarine ridge rising steeply from a depth of about 1500 m to
4000 m off the west coast of India. The Islands are flat and scarcely rise more than 2m. They
are made up of coral sand and boulders that have been compacted into sandstone. Coral
reefs of the Islands are mainly atolls except one platform at Andrott. The reef flat occupies
136.5 km area, sea grass occupies 10.9 sq km and lagoon occupies 309.4 sq. km. The depth
of the sea increases outside the coral reef and can reach up to 1500 - 3000 m. Acropora,
Pocillopora, Psammocora and some encrusting faviids dominate the Lakshadweep reefs.
Andaman and Nicobar Islands: The coral reefs of this archipelago is of fringing type and a
barrier reef to the west has also been reported with a lagoon up to 40 m deep on the
western side, but its precise coordinates are yet unknown. Hence, the reefs of the area still
largely remain unstudied. A deep oceanic ridge along 10O N separates the Andaman group
and Nicobar group of Islands. Coral reefs of Andaman and Nicobar Islands can be classified
into grouped five major zones as follows: North Andaman, Middle Andaman, South
Andaman, Little Andaman and Nicobar reefs.
Malvan and Ratnagiri coast: The west coast of India is reported patchy submerged banks
with isolated coastal formation. Coral patches have been recorded in the intertidal regions of
Ratnagiri and Malvan and at Gaveshani bank, 100 km west to Mangalore. Malvan coast
forms part of Western Ghats where Sahyadri ranges gradually meet the Arabian Sea. Most
of the reef area exposed during low tide (especially spring tide). Reef bottom covered with
fine sediment which is brought from leeward hills during monsoon.
Coral species diversity: Five hundred ninety two species of corals have been reported so far
from India. Among the four major reef areas of India, Andaman and Nicobar Islands are
found to be very rich and Gulf of Kachchh the poorest in species diversity. Lakshadweep
Islands have more number of species than the Gulf of Mannar. About 97% of Indian genera
recorded from Andaman and Nicobar Islands, where as other reefs constitute merely 40%.
This indicates the high degree of coral diversity in Andaman and Nicobar Islands.
Interestingly Andaman and Nicobar Islands have all the families (100%) which are recorded
from other major reefs of India.
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Gulf of Kachchh: Coral diversity in Gulf of Kachchh is very poor when compare to other
major coral reefs in India. Families such as Asterocoeniidae, Pocilloporidae, Euphyllidae,
Oculinidae, Agariciidae, Fungiidae and Trachyphylliidae are absent. Among the 92 genera
recorded in India, only 28 are reported so far from this region. Montipora venosa,

Cosinariamonile, Hydnophora excesa, Turninariapeltata, Goniastrea pectinata, Platygyra
sinensis, Cyphastrea serialia, Porites compressaand Goniopora stutchburyiare some of the
common species found in all the islands of Gulf of Kachchh. Species such as
Siderastreasavignayanaand Acanthastrea hillae are reported only from Gulf of Kachchh.
Lakshadweep Islands: There are 15 families, 46 genera and 156 species reported from these
Islands. Families such as Astrocoeniidae, Pectiniidae and Trachyphylliidae are absent. Among
the 156 scleractinian speices Acropora humilis, A. muricata, A. intermedia, A. hyacinthus,

Pocillopora verrucosa, Euphyllia glabrescens, Galaxea fascicularis, Psammocora contigua, P.
haimeana, Pavona maldivensis, P. clavus, Fungia danai, Podobaciacrustacea, Hydnophora
microconos, Favites abdita, Goniastrea retiformis, Platygyra daedalea, P. sinensis, Leptastrea
bottae, Porites solida, P. lichen and P. minicoensis are common in these Islands.
Gulf of Mannar and Palk Bay: Fourteen families, 48 genera and 139 species are reported
from this area. Families such as Euphyllidae and Trachyphylliidae are absent. Only 40 genera
are reported so far. Species such as Montipora monasteriata, M. informis, M. spumosa, M.

turgescens, M. venosa, M. verrucosa, M. digitata, M. millepora, M. manauliensis, Acropora
digitifera, A. secale, A. intermedia, Pocillopora verrucosa, Porites mannarensis, P. exsertaand
Goniopora stutchburyi are common in these islands.
Andaman and Nicobar Islands: Information on the occurrence of the various species is
based on studies made by several workers. Among India’s four major reefs, Andaman and
Nicobar Islands are showing maximum diversity. There was no significant compilation on
coral diversity after Venkataraman et al. (2003). This recent studies in India resulted in 564
zooxanthellate and azooxanthellate coral species occur all over India, which contributes 60%
of Global coral diversity.
Comparison of the scleractinian corals in the major reefs of India

Lakshadweep

Palk bay and
Gulf of Mannar

Andaman &
Nicobar
Islands

Total

12
28

15
46

14
48

19
89

19
92

54

156

139

564

592

Gulf of
Kachchh

Families
Genera
Species

Scleractinia

Among the four major reef areas of India, Andaman and Nicobar Islands are found to be
very rich and Gulf of Kachchh the poorest in species diversity. Lakshadweep Islands have
more number of species than the Gulf of Mannar. About 97% of Indian genera recorded
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from Andaman and Nicobar Islands, where as other reefs constitute merely 40%. This
indicates the high degree of coral diversity in Andaman and Nicobar Islands. Interestingly
Andaman and Nicobar Islands have all the families (100%) which are recorded from other
major reefs of India.
Species diversity of Corals: Indian coral reefs are mainly dominated by family Acroporidae,
Faviidae, Poritidae, Fungidae and Agariciidae. Acroporiidae alone contributes maximum coral
diversity with 183 species.
Coral families recorded from Andaman and Nicobar Islands in comparison with Indian corals.
Species (Genus)
Sl.
No.

Families

India

Andaman
Nicobar
Islands

Palk bay and
Gulf of Mannar

Lakshadweep

Gulf of
Kachchh

1.

Acroporidae

183 (4)

168 (4)

53 (3)

47 (3)

9 (2)

2.

Agariciidae

35 (6)

35 (6)

9 (4)

10 (3)

-

3.

Astrocoeniidae

3 (2)

3 (2)

-

-

-

4.

Caryophylliidae

15 (6)

13 (6)

3 (3)

3 (2)

2 (2)

5.

Dendrophyllidae

33 (8)

29 (8)

9 (6)

5 (2)

5 (3)

6.

Euphyllidae

10 (4)

10 (4)

-

2 (2)

-

7.

Faviidae

98 (18)

97 (18)

26 (9)

34 (12)

16 (7)

8.

Flabellidae

2 (2)

1 (1)

-

1 (1)

-

9.

Fungiidae

52 (12)

52 (12)

3 (3)

15 (6)

-

10.

Meandrinidae

1 (1)

1 (1)

-

-

-

11.

Merulinidae

9 (3)

9 (3)

3 (2)

3 (2)

1 (1)

12.

Mussidae

31 (7)

31 (7)

4 (3)

5 (3)

2 (2)

13.

Oculinidae

5 (1)

5 (1)

3 (1)

3 (1)

3 (1)

14.

Pectinidae

15 (5)

15 (5)

4 (4)

3 (3)

3 (3)

15.

Poritidae

59 (3)

55 (3)

13 (2)

15 (3)

7 (2)

16.

Pocilloporidae

22 (3)

22 (3)

3 (1)

6 (2)

1 (1)

17.

Rhizangiidae

2 (2)

1 (1)

2 (2)

-

-

18.

Siderastreidae

16 (4)

16 (4)

4 (4)

4 (1)

5 (4)

19.

Trachyphylliidae

1 (1)

1(1)

-

-

-

592 (92)

564 (89)

139 (48)

156 (46)

54 (28)

Total

Following Faviidae, the family Fungiidae contributes notable reef diversity with 52 species
belonging to 12 genera. Though Fungiidae recorded high number of species, they don't
contribute in reef formation expect few encrusting species. Encrusting family like Agariciiae
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also show high rate of diversity than few massive corals (Mussidae). Among the 564 species
belonging to 19 families, Meandrinidae and Trachyphylliidae represent only one species
each, but the latter is a monospecific family. Musiidae is also one of the major reef building
corals, which does not have rich species diversity (31 species). Andaman and Nicobar Islands
are unique in possessing all the species of Pectiniidae family that are recorded from
mainland India so far. Other than zooxanthelate; azooxanthellate coral families like
Dendrophyllidae and Caryophylliidae also have good diversity (33 and 15 species
respectively).
Coral reef associated communities: A detailed list of the marine biodiversity of the world,
India was made based on the surveys conducted so far.
Biodiversity in coral reef ecosystems of the world and India
No.
1
2
3

Category

World

Porifera (Sponges)
Platyhelminthes
Cnidaria

Scleractinian corals
Gorgonians
Antipatharians
Sea anemones

5100
11690
10211
1574

Others
4
5
6

Polychaeta
Crustacea
Mollusca

Polyplacophora
Gastropoda (except opisthobranchia)
Opisthobranchia
Cephalopoda
Bivalvia
Scaphopoda
7
Echinodermata
8
Fishes
9
Marine Reptiles
10
Marine Mammals
11
Sea weeds
12
Sea grasses
13
Mangroves
Total

12632
24375
56235

6500

7291
16733
110
135
7450
68
75

India
519
42
789+
592
51+
8+
54
275
428
2970
3751
12+
888
456
80
350
7
765
2546
35
25
844
14
40
8382+

Sea weeds: Seaweeds or marine algae are well known group of marine plants, belonging to
Cryptogams. The term includes some members of the red, brown and green algae. Two
specific environmental requirements dominate seaweed ecology. These are the presence of
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seawater (or at least brackish water) and the presence of light sufficient to drive
photosynthesis. Another common requirement is a firm attachment point. As a result,
seaweeds most commonly inhabit the littoral zone and within that zone more frequently on
rocky shores than on sand or shingle. These are large diversified groups with size ranging
from single cell, such as Chlamydomonas to several meters in length i.e., Macrocystis. Totally
844 marine algae species were reported from the Indian coastal region. Earlier, nearly 206
species of marine algae are recorded from Andaman and Nicobar Islands while the estimate
is above 300 species.
Sea grasses: Seagrasses are the most common of shallow coastal ecosystems, found virtually
in all seas except in the polar seas. They are adapted to the marine environments and
associated with seaweeds and sea animals. Seagrass are submerged angiospermic
monocotyledonous plants belonging to two families (Hydrocharitaceae and
Potamogetonaceae). As per the reports, there are 12 genera and about 52 species
distributed throughout the world. Fourteen species of sea grasses are reported so far from
India of which nine species are present in Andaman and Nicobar Islands. Sea grass beds are
very common in the sub tidal regions of Ritchie’s Archipelago and thus the region serves as
home for dugong. Sea grass beds are also seen in many regions of the Nancowry group of
Islands.

Seaweed

Sea grass

Mangroves: The mangrove biome is a distinct saline woodland or shrub land habitat
characterized by depositional coastal environments, where fine sediments (often with high
organic content) collect in areas protected from high-energy wave action. Mangroves
dominate three quarters of tropical coastlines. An increase in mangroves has been suggested
for climate change mitigation. India with along coastline of about 7516 km, including the
Island territories has a mangrove cover of about 6749 km2, the fourth largest mangrove in
the world. The long coastlines and their mangrove vegetation have immense role in
protecting coastal biodiversity. A total of 966 km2 area of mangrove vegetation occurs in
Andaman and Nicobar Islands. Mangroves in Andaman and Nicobar Islands are represented
by 35 species and other common associated flora represents 62 species.
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Mangroves in Andaman and Nicobar Islands
Phytoplankton: Phytoplanktons are microscopic, autotrophic, unicellular plants, which are
responsible for the 95% primary productivity of the sea. They are the primary producers in
the sea, which form the base of food chain. Ocean ecosystem is entirely dependent on
phytoplankton. Phytoplankton is a prime component of the marine ecosystem as they bring
about approximately half of the global (terrestrial and marine) net primary production. Four
thousand marine phytoplankton species have been described so far. High diversity increases
the community stability and productivity, which makes the system less susceptible to
invasion.
Zooplankton: Zooplankton is an economically and ecologically important group of aquatic
animals and their ecological processes influence the biological productivity and fishery. Total
wet biomass of zooplankton observed from Andaman and Nicobar Islands ranges from 0.14
ml/m3 to 4.0 ml/m3. Zooplankton population density shows a wide variation in this
archipelago where it ranges from 5797 to 48178 no/m3. Copepodes are the most abundant
group of zooplankton present in these waters where as the tunicates being the second
dominant group. Altogether, 96 species of zooplankton belonging to 19 groups were
recorded from the study area.
Porifera (Sponges): Sponges are worldwide in their distribution, from the Polar Regions to
the tropics. Most live in quiet, clear waters, because sediment stirred up by waves or currents
would block their pores, making it difficult for them to feed and breathe. The greatest
numbers of sponges are usually found on firm surfaces such as rocks, but some sponges can
attach themselves to soft sediment by means of a root-like base. The sponges are found
from shallow water to the depth of the ocean. Most sponges need hard surface for
attachment, but some can live on soft sediments. Few species are able to bore in rocks and
shells. The work by Pattanayak (2009) reported 20 species of Hexatinellidae and 122 species
of Demospongiae from the National Zoological Collections, in the Zoological Survey of India,
Kolkata; which includes specimens from Andaman also.
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Sponges
Gorgonians: The gorgonians popularly called as sea fans and sea whips are marine sessile
coelenterates with colonial skeleton and living polyps. They are exceptionally productive and
a valuable natural asset. Out of the six orders of the sub class octocorallia, the Alcyonacea
and Gorgonacea are widely distributed in coastal belts of the Indo Pacific region.
Venkataraman et al. (2004) reported 27 species of gorgonians belonging to 8 families and 19
genera from India. Among them, 12 species of gorgonians from four families and nine
genera have been reported from the northeast coast of India.

Gargonians
Antipatharians: The order antipatharia is Black or Horny Corals. They are arc-like upright
and plant-like forms. Most forms inhabit deep water and live in the tropics. Though black
coral's living tissue is brilliantly colored, it takes its name from the distinctive black or dark
brown colour of its skeleton. Also, unique to black coral are the tiny spines that cover the
surface of the skeleton, the origin of the nickname little thorn coral. Although black corals
are among the most common azooxanthellate corals in tropical reefs, they are least studied
group in Indian waters.
Platyhelminthes: Flatworms are divided into three groups. Most of them are parasitic. Of
the almost 20,000 species known, 14,000 are parasites belonging to either the class Cestoda
(tapeworms) or the class Trematoda (flukes). The minority of flatworms (about 4,500 known)
INDOMER

L2 - 9

are free living and belong to the class Turbellaria. One taxonomic subgroup of the Turbellaria
is the order Polycladida, a highly diverse group of free-living flatworms. Polyclads have been
poorly represented in the past and, since most animals lose their colour and pattern on
fixation, reliable documentation of colour patterns have been rare.

Polyclads
Polychaeta: The Polychaeta or polychaetes are a class of annelid worms, generally marine.
Each body segment has a pair of fleshy protrusions called parapodia that bear many bristles,
called chaetae, which are made of chitin. Indeed, polychaetes are sometimes referred to as
bristle worms. Polychaetes are extremely variable in both form and lifestyle and include a few
taxa that swim among the plankton or above the abyssal plain. Most burrow or build tubes
in the sediment, and some live as commensals. A few are parasitic. The mobile forms
(Errantia) tend to have well-developed sense organs and jaws, while the stationary forms
(Sedentaria) lack them but may have specialized gills or tentacles used for respiration and
deposit or filter feeding, e.g., fanworms.
Crustacea: Crustacean diversity of Andaman and Nicobar Islands is well studied during 20th
century by many researchers. Coral reefs inhabit several commonly important crustacean
fauna. Heller (1865) revealed 14 species of hermit crabs from Nicobar Islands. Alcock (1905)
further revealed 14 species and five new varieties/species of hermit crabs. Reddy and
Ramakrishna (1972) found the occurrence of 20 species followed by Tikader et al. (1986)
reported 37 species lead to a total of 40 species of hermit crabs from Andaman and Nicobar
Islands. Species composition of brachyuran crabs of Andaman and Nicobar Islands has been
consolidated as 220 species through the reports of Sakai (1976), Kathirvel (1983), and Tikader
et al. (1986). A total of 162 species of prawn found in coral reef environment of these Islands
are published by Silas et al. (1983) and Tikader et al. (1986). Apart from that six species of
lobsters reported in these Islands. Ajmal Khan (2002) compiled the list on crustacean fauna
from these Islands and it depicts 837 species of crustaceans.
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Tetralia glaberrima (Herbst, 1790)

Pilodius pugil Dana, 1852

Mollusca: The phylum Mollusca is very large consisting of thousands of species commonly
known as shells. The number of species of molluscs recorded from various parts of the world
varies from 80,000 to 1,50,000 (Venkataraman et al., 2003). In India 5070 species of mollusca
have been recorded from freshwater (183 species); land (1487 species) as well as from
marine habitats (3370 species). Andaman and Nicobar Islands have a rich molluscan diversity,
which Include more than 1000 species from the marine region. Gulf of Mannar and
Lakshadweep have 428 and 424 species respectively. Three thousand three hundred and
seventy species of marine molluscs have been reported from India that includes those
occurring in coral reef ecosystem as well as other areas. The molluscan diversity studies of
Andaman and Nicobar Islands were started in the late 19th century. The literature available
shows that the earliest molluscan study was on a collection of marine shells made by Smith
in 1878. Subba Rao (2003) reported the occurrence of eight orders and as many as fifty
families consisting of about 150 species which is considerably a poor representation of the
richly diversified sea slugs in India compared to 3400 species estimated to occur in the IndoWest Pacific Province. They occur in different habitats such as mangroves, coral reefs, rocky
coasts, sandy beaches, sea grass beds and at greater depths in the sea.

Seaslugs
Echinodermata: It is known that more than 6000 species of echinoderms are living in
various area of the world. In Indian seas, 649 species are reported so far. Bell (1887) for the
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first time listed the echinoderms from the Andaman Islands. Earlier there were only stray
reports of occurrence of individual species of these Islands. From this time onwards, many
workers reported echinoderms from these Islands and added several species to the
echinoderm fauna. James (1983) while dealing with sea cucumber and sea urchin resources
of the Andaman and Nicobar Islands gave a list of echinoderms known from these Islands.
The status of holothurians in Andaman and Nicobar Islands has been assessed especially for
economically important species (Raghunathan and Venkataraman, 2014).

Linckia laevigata

Himerometra robustipinna

Fishes: Fish constitutes one of the most important marine food resources of these Islands.
Fishes serve as an indicator species for the health and phase shifting nature of the coral reef.
The major indicator fishes are butterfly fishes and parrot fishes. Talwar (1990) prepared a
comprehensive list of fishes with 724 species known to inhabit the freshwater, mangroves
and marine ecosystems of these Islands, followed by a supplementary list by Kamala Devi
(1991) containing 71 species of fishes. A number of studies on fish inventory could bring out
as many as 300 species to the ichthyofauna of the Andaman and Nicobar Archipelago. All
these works till then could bring the list of fishes to more than 1300 species. Extensive
taxonomic studies made in the recent years resulted in the additional record of more than
300 fish species. The checklist of fishes from these Islands by Rao (2009) cited 1371 species
under 586 genera belonging to 175 families.

Heniochus acuminatus (Linnaeus, 1758)
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Marine Reptiles: Marine reptiles are secondarily adapted for an aquatic or semi-aquatic life
in a marine environment. After the mass extinction at the end of the cretaceous period,
marine reptiles were less numerous. Extant marine reptiles include marine iguanas, sea
snakes, sea turtles and saltwater crocodiles. About 26 species of sea snakes belonging to the
Family Hydrophiidae and five species of sea turtles have been reported from seas around
India. All the sea snakes and four species of turtles in their marine environment are known
from islands of Andaman and Nicobar. Four species of turtles namely the Green turtle
(Cheloniamydas),
the
Olive
Ridley
(Lepidochelysolivacea),
the
Hawksbill
(Eretmmochelysimbricata), belonging to the family, Cheloniidae and the leatherback turtle
(Dermochelyscoriacea) belonging to the family, Dermochelyidae are recorded from this
Archipelago. Green turtle is very common in the Marine National Parks of this archipelago as
well as in other regions.

Laticauda columbrina (Scheneider, 1799)
Marine Mammals: Marine mammals, which include seals, whales, dolphins, and walruses,
form a diverse group of 128 species that rely on the ocean for their existence. Marine
mammals are widely distributed throughout the globe, but their distribution is patchy and
coincides with the productivity of the oceans. Sea cow, Dugong dugon occurs in near shore
waters of Andaman and Nicobar Islands. Dolphins are very common in Andaman and
Nicobar Islands. Dugongs are reported very often in Gulf of Mannar, Gulf of Kachchh and in
Andaman and Nicobar Islands. Dolphins, whales and dugong are listed in Schedule I of
Wildlife Protection Act 1972.

Dugong dugon (Muller, 1776)
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2. Methods of collection, identification and analysis of data
Collection: Collection of Corals is important for identification of biodiversity studies and for
the museum. Hammer, chisel and a sack are equipment for coral collection. Colour
photographs should be taken before collecting or immediately before making the collection
of the specimen. For shallow water collection, same procedure should be adopted.
Underwater notes can be made on a slate, with surface scratched with fine flint paper. A soft
pencil should be used. The pad may be cleaned with soap water and a brush every time
before going for collection. Small pieces of coral collection as well as the dead coral pieces
found on the shore are not useful for identification purposes (e.g. Acropora). Collection
should be minimized for conservational reasons, and never be performed without proper
authorization from the forest authorities since all the scleractinian corals are protected under
Wildlife Act. Dive number, locality, depth, colour and description of the immediate
surroundings should be written with a waterproof marker on a solid plastic label attached to
the specimen with a soft nylon line.
Cleaning of the coral skeleton: All species of corals are protected under Wildlife Act, 1972.
It should be collected only with permission from the Chief wildlife warden of the state. Once
they are collected from the reef immediately it should be tied with a label. Only the labelled
specimens should be rotted in fresh water for a week, and the water changed a few times
during the process. Then the specimens should be cleaned with a strong water jet and
gelatinous epidermis if any, be removed with a pair of forceps. The rotting procedure may be
continued for another week, if necessary. The cleaned specimens should be dried in the sun
for a fortnight. Rotting and bleaching with hypochlorite solution or bleaching powder should
be avoided, as it makes the corals crisp.
Labelling: The cleaned specimens should be properly labelled. The label should indicate the
locality (name of the reef, name of the island, name of the district, station number, latitude
and longitude and depth of the reef and collection) date of collection, name of the collector,
name of the boat/survey and the cruise number etc. The information on the label may be
made with printed/photocopied on an overhead projection sheet (transparent plastic sheet
with nylon twain) and information may be written using a glass-marking pen. A readymade
species list may be prepared on an underwater paper with locality, station number, date,
latitude, longitude, dive number, name of the person as shown in the figure below. Along
with this species list, information on the different features of the coral colony may be noted
on an underwater slate or underwater paper. The information such as colour of the species,
size of the colony, new recruits, other coral associates, fishes, topography drawing,
bleaching, crown of thorn fish infestation can be noted before emerging from the water. It is
always important to go to the field with a buddy and the name of the buddy should be
written in the notes, the different pre-dive preparations, list of precautions taken etc may
also be included on the notes. The weather condition, season and the environmental
conditions and sightings of anchor damage, ghost net etc. will be valuable information about
the reef.
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3. Identification of species of Hard Corals
Biology: Corals are the most conspicuous inhabitants of reefs and provide the habitat
amongst which fish and other reef animals exist. The term ‘coral’ has been used to
describe a variety of different invertebrate animals from the Phylum Cnidaria including hard
corals, soft corals, precious corals and hydrocorals. Most often the word coral refers to hard
corals from the Order Scleractinia. Scleractinian corals are divided into reef-building corals
(hermatypic corals), which form the primary structure of coral reefs, and non-reef building
corals (ahermatypic corals), which do not contribute significantly to reef formation.
Hermatypic corals usually contain millions of tiny algal cells, called zooxanthellae, within their
tissues. These algae are a primary energy source for the reef-building activities of
hermatypic corals.

The ability to recognize individual coral species is essential to decide on reef management
and protection.
However, there are a number of characteristics that can make corals
particularly elusive and difficult to identify. Corals are unique animals in that they have the
ability to change their growth form to suit the habitat in which they live. Depending on the
depth, light availability, temperature, water movement and quality, a single reef may contain
an array of habitat types. Hence, the growth form of the same species of coral may look
different from one type of habitat to the next. In addition, corals have the ability to
hybridize, can reproduce from fragments, self fertilize and change their colouration so
variability in growth form is abundant and can even occur within a single colony. Most coral

species have a colonial growth form. Each colony is composed of many living polyps
that are interconnected to form various shapes, which are called as life form
categories. Some coral species exist as solitary polyps. The structure of a coral is
relatively simple. There is an outer layer of living tissue that secretes a lower layer of hard
limestone skeleton. The skeleton consists of several corallites which occurs in different
shapes. The corallites are further divided into several chambers called Septa. As the colony
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grows, additional polyps and more layers of skeleton are added. Over time, individual
colonies of some corals such as Porites may grow to reach more than 10 m in diameter and
may live for more than 1000 years. The living coral tissue has an outer epidermal layer, which
secretes the skeleton, and an inner tissue layer termed the ‘gastrodermis’. Between these
tissues lies a thin, fibrous matrix termed the ‘mesogloea’. The mesogloea is greatly
expanded in other cnidarians, such as jellyfish, where it provides essential buoyancy and
support, whereas in corals the mesogloea is a relatively thin layer because the hard skeleton
provides support and protection for the tissue.
The gastrodermal cells of most reef corals
contain zooxanthellae, which use energy from
sunlight for photosynthesis to produce complex
energy-rich sugars, just as land plants do.
Corals that contain zooxanthellae are termed
‘zooxanthellate species'. The relationship
between corals and zooxanthellae is termed as
mutualistic symbiotic association since this
benefit both. Zooxanthellae gain protection,
access to sunlight and a stable environment by
living in the coral tissue, and they obtain vital
nutrients from the waste products of the coral.
In return, the coral gains access to energy-rich
compounds leaked from the zooxanthellae, and
also the removal of wastes from its cells. The
interaction of coral tissues and zooxanthellae
also enhances the rate at which corals calcify and grow. In other words, the symbiosis of
corals and algae is ultimately responsible for the development of coral reefs. Huge numbers
of zooxanthellae live inside the gastrodermal cells of zooxanthellate corals, and give these
corals their distinctive brown colouration. Zooxanthellae are also found in some other
cnidarians, giant clams and other molluscs.
The coral polyp is a sac capped with an oral disc that is surrounded by a ring of tentacles.
During daylight, the polyps are usually contracted within the protective coral skeleton to
avoid predation. At night the polyps expand and extend a network of tentacles containing
stinging cells, which allows corals to capture and feed upon small plankton and other
creatures in the water column.
Corals have a life cycle, which includes a free-living planktonic planula phase and a sessile
polyp phase, and various asexual and sexual modes of reproduction. As living polyps grow
and enlarge, they can divide to form new polyps through the process of budding. Other
forms of asexual reproduction leading to the development of new colonies are the survival
of fragments broken in storms and the detachment.
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Corals reproduce sexually through the fertilization of eggs by sperm, which leads to the
development of planula larvae. Sexually mature adult corals develop eggs and sperm within
the polyp mesenteries during a 5 - 9 months period each year. Sexual reproduction and
larval recruitment are critically important for the establishment and renewal of coral
communities.
Family Acroporidae, Verrill, 1902: Species of the family Acroporidaeare colonial, hermatypic
and are mostly living. Colonies have all growth forms known for hermatypic corals.
Corallites (except Astreopora) are small with septa in two cycles or less, columellae are poorly
developed. Acroporidae is related to families Pocilloporidae and Astrocoeniidae. The genera
included are Montipora, Acropora, Astreopora and Anacropora among which Anacropora is
not recorded so far from Indian waters.
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Acropora valida

Montipora tuberculata

Acropora (Isopora) palifera

Acropora hyacinthus

Montipora foliosa

Montipora spumosa

Genus Montipora de Blainville, 1830: Colonies are sub-massive, laminar, encrusting,
branching or foliaceous. Corallites are very small. Septa are in two cycles with inwardprojecting teeth. Columellae are absent. Corallite walls and the coenosteum are porous and
may be highly eloborate. Polyps are usually extended only at night. Montipora is often
confused with Porites.

Montipora verrucosa

Montipora foliosa

Montipora dgitata

Genus Acropora, Oken, 1815: Acropora is the largest genus of reef-building corals with 170
species recorded around the world. Acropora have a much wider range of growth-forms
useful to taxonomy than other characters. Colonies are usually ramose to arborscent, bushy
or plate-like, rarely encrusting or submassive Corallites are two types, axial and radial. The
radial corallites forms various shapes, which are of taxonomic importance. Septa are usually
in two cycles. Columella is absent. Corallite walls and the coenosteum are porous. Polyps
are usually extended only at night.
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Acropora formosa

Acropora rudis

Acropora florida

Genus Astreoporade, Blainville, 1830: Astreopora is a well-defined genus. Colonies may be
massive, laminar, encrusting or foliaceous. Corallites are immersed or conical with short,
numerous, neatly spaced short septa. Columellae are deeply set and compact. Corallite
walls are slightly porous and the coenosteum and walls have few elaborations. Polyps are
extended only at night.

Astreopora listeri

Astreopora micropthalma

Family Astrocoeniidae, Koby, 1890: Four genera, Stylocoeniella, Stephanocoenia,
Palauastrea and Madracis are included in this family of which only two genera are reported
from India. All the genera have close affinities with Pocilloporidae. Style-like columellae and
neatly arranged
solid septa are important characters to this family. Palauastrea and
Madracis, previously placed in family Pocilloporidae, have been moved to the
Astrocoeniidae.

Madracis kirbi
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Genus Stylocoeniella, Yabe and Sugiyama, 1935: Colonies are massive, columnar or
encrusting. Corallites are immersed, circular, with two unequal cycles of septa and a style –
like columella (like a pencil). The coenosteum is covered with fine spinules and also by larger
pointed styles, which are almost as numerous as the corallites. Stylocoeniella resembles
Pocilloporidae and Poritessp.inunderwater.
Both are distinguished by their lack of
coenosteum styles.
Genus Madracis, Milne Edwards and Haime, 1849: Madracis is primarily an azooxanthellate
genus. Colonies are massive, encrusting or columnar. Corallites are large and angular and
there are no coenosteum styles. Corallites are closely packed and touching.
Family Pocilloporidae, Gray, 1842: It is colonial and mostly hermatypic corals, contains
three common genera, Pocillopora, Seriatopora and Stylophora, which have very similar
biological characters. Representative of all these genera are recorded in Indian waters.
Colonies are submassive, ramose or arborescent. Branches are often flattened or fine and
irregular. Colonies are covered in verrucae (large mounds). Corallites are small and
immersed. Septa and columella are usually poorly developed. The coenosteum is covered
with spinules. Superficially this family resembles Astrocoeniidae and Acroporidae.

Pocillopora damicornis

Pocillopora eydouxi

Genus Pocillopora, Lamarck, 1816: Pocillopora is a well-defined genus readily
distinguishable from other genus by the presence of verrucae. Colonies are sub-massive to
ramose with branches tending to be blade-like or else fine and irregular. Colonies are
covered with verrucae. Corallites are immersed.

Pocillopora damicornis
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They may be devoid of internal structures or have a low solid columella and two unequal
cycles of septa. The coenosteum is usually covered by granules. Polyps are usually extended
at night.
Genus Seriatopora, Lamarck, 1816: Colonies form compact bushes with thin anastomosing
(fused) branches. Corallites are arranged in neat rows along the branches. They are mostly
immersed and have poorly developed internal structures except for solid-like columella.
Usually one, sometimes two cycles of septa are developed and are fused to the columella.
The coenosteum is covered by fine spinules. Polyps are extended only at night.
Genus Stylophora, Schweigger, 1819: Seven species are reported worldwide, of which one
species is recorded from India. Colonies are ramose to submassive with short, seldom fusing
branches, which are expanded at the tips. Colonies lack true verrucae. Upper wall of
corallites is developed as a spiny hood. Six primary septa may be fused to a style-like
columella. Corallites are in rows.

Stylopora

Seriatopora hystrix

Family Euphyllidae, Veron, 2000: Species of this family are commonly called as “Bubble
corals”. The shape of the extended tentacles in underwater is used to identify the species.
The museum specimens are difficult to identify. There are five reported genera from the
world of which three are recorded in India. The Family Euphyllidae was recently (Veron, 2000)
erected by moving five genera viz., Euphyllia, Catalaphyllia, Nemansophyllia, Pleurogyra and
Physogyra from the Family Caryophylliidae due to the presence or absence of zooxanthellae.
Colonies are phaceloid, meandroid or flabello-meandroid, with large, solid and widely
spaced septo-costae, which have little or no ornamentation. Corallite walls have a similar
structure. All species are zooxanthellate.
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Euphyllia glabrescens

Plerogyra sinuosa

Genus Euphyllia, Dana, 1846: For two centuries, corals have been identified entirely by their
skeletons, but only in Euphyllia the appearance of living polyp is being used to identify
different species. Colonies are flabelloid, phaceloid or meandro-phaceloid, the latter usually
dome-shaped. Walls are thin and imperforate. Columellae are mostly absent. Septa are
prominent, smooth-edged and imperforate. Polyps are extended day and night, are large
and fleshy and have tentacles, which vary in shape or each species. Euphyllia and Plerogyra
coralla may be similar, but living polyps are completely different.
Genus Plerogyra, Milne Edwards and Haime, 1848: Plerogyra is one of the few corals
sufficiently well armed to be able to sting a human. Colonies are phaceloid to flabellomeandroid with valleys more or less connected by a light blistery coenosteum. Septa are
large, imperforate, smooth-edged, very exsert and widely spaced. Columellae are absent.
Polyps are extended only at night. During the day, polyps extend clusters of grey vesicles,
the size and shape of large grapes.
Genus Physogyra, Quelch, 1884: Like Plerogyra, Physogyra is capable of stinging humans. It
is a monospecific genus. Colonies are meandroid with short, widely separated valleys
interconnected with a light blistery coenosteum. Septa are large, imperforate smooth-edged,
exsert and widely spaced. Columellae are absent. Polyps are extended only at night. During
the day the whole colony surface is covered with a mass of vesicles, which appears the size,
and shape of small grapes. These vesicles retract when distributed.
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Euphyllia glabrescens

Plerogyra sinuosa

Physogyra lichtensteini
Family Oculinidae, Gray, 1847: Colonial, hermatypic and ahermatypic, extant and fossil.
Corallites are thickened and linked by a smooth coenosteum. Septa are very exsert. They are
related to the family Rhizangiidae. The Oculinidae are generally ahermatypic except two
genera viz. Galaxea and Archelia.
Genus Galaxea, Oken, 1815: Colonies are massive, columnar, encrusting or irregular.
Corallites are cylindrical, thin-walled and separated by a blistery coenosteum. Columellae
are weak or absent. Septa are very exsert. It is very distinctive, although the species within
the genus are very similar, with the main difference being only in the size of the corallites. G.
astreata corallites are smaller in diameter and round comparable to G. fascicularis, which is
larger in diameter and may be irregular.
Family Siderastreidae, Vaughan and Wells, 1943: Siderastreidae is a family with mostly
extant, colonial and hermatypic corals. Colonies are massive or columnar. Corallites are
immersed with poorly defined walls formed by thickening of the septo-costae. Septa are
usually fused along their inner margins to form fan-like groups; they have granulated upper
margins and are closely compacted and evenly spaced. It is closely related to family
Agariciidae.
There are six extant hermatypic genera, four of which, Siderastrea,
Pseudosiderastrea, Psammocora and Coscinaraea are found in Indian waters. The
Psammocora and Coscinaraea are common with clear affinities. Other genera within the
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family have a few species with uncertain relationships and unusual distributions and habitat
preferences.

Siderastrea savignyana

Psammocora digitata

Pseudosiderastrea tayami

Coscinaraea monile

Genus Pseudosiderastrea, Yabe and Sugiyama, 1935: It is monospecific and closely
resembles Coscinaraea and superficially resembles Coeloseris and Leptastrea. Colonies are
encrusting to massive or dome-shaped. Corallites are cereoid, polygonal, 3-6 mm in
diameter. Septa are evenly spaced and fuse with each other in fan-like groups. Septa have
fine, saw-like teeth. Columellae consist of one to four pinnules.
Genus Psammocora, Dana, 1846: Colonies are massive, columnar, laminar, foliaceous or
encrusting. Corallites are very small and shallow, sometimes forming shallow valleys. Walls
are indistinct. A small number of primary septo-costae are imbedded in secondary septocostae, forming distinctive species-specific patterns. Polyps are usually extended only at
night. Psammocora is readily confused with Coscinaraea, which is initially distinguished by
having larger corallites with much larger calices.
Genus Coscinaraea, Milne Edwards and Haime, 1848: Colonies are massive, columnar,
encrusting or laminar. Corallites are large and in short valleys or irregularly scattered and
shallow. Septo-costae are fused in distinctive patterns and have finely serrated to heavily
granulated margins. Compound trabeculae and true synapticulothecal walldistinguish
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Coscinaraea from Psammocora.

Psammocora contigua

Siderastrea sayignyana

Family Agariciidae, Gray, 1847: Mostly colonial, hermatypic corals. Colonies are massive,
laminar or foliaceous. Corallites are immersed with poorly defined walls formed by
thickening of the septo-costae. Septa seldom fuse and are continuous between adjacent
corallite centres. They have smooth or finely serrated margins and are closely packed. Corals
of the Family Agariciidae are most similar to those of the Family Siderastreidae.

Pavona cactus

Pavona clavus

Pachyseris speciosa

Genus Pavona, Lamarck, 1801: Colonies are massive, laminar or foliaceous, the latter usually
being bifacial. Corallites have poorly defined walls. They are small shallow depressions,
usually with a central columella, sometimes separated by ridges.
Corallites are
interconnected by exsert septo-costae. Most Pavona species extend their polyps only at
night.
Genus Leptoseris, Milne Edwards and Haime, 1849: Colonies are foliaceous and have a
delicate leafy appearance. On occassions, colonies may be laminar or encrusting. They
frequently have a distinctive central corallite. Corallites have poorly defined walls. There are
small shallow depressions with a central columella, usually separated by ridges and
interconnected by fine septo-costae. Leptoseris is similar to Pavona. Even though they are
widespread, most species show considerable geographic – as well as environmental
variations.
Genus Coeloseris, Vaughan, 1918: Colonies are massive either rounded or hillocky. Corallia
are cerioid with colonies formed by monostomodaeal budding. Columellae are absent and
the axial space is open. It has Pavona – like, neatly arranged septo-costae, which join, at the
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top of the walls. Polyps are extended only at night. It is a monospecific and well-defined
genus. Superficially it looks like a faviid, and it is closely related to Pavona.
Genus Gardineroseris, Scheer and Pillai, 1974: It is a monospecific genus, colonies are
massive to encrusting, sometimes with laminar margins. Corallites have poorly defined walls
but are separated by acute ridges so that each corallite is at the bottom of a neat excavation.
Columellae are present and septo-costae are fine and even. Polyps are extended only at
night.
Genus Pachyseris, Milne Edwards and Haime, 1849: Colonies are laminar (upright fronds)
and unifacial, to branching and bifacial. Branches are usually highly contorted. The surface
is a series of concentric ridges parallel with the margins. Corallite centres are not discernible.
Valleys are concentric and parallel to the corallum edge. Columellae are wall – like with
lobed upper margins or absent. Septo-costae are fine, even and tightly compacted.

Coeloseris mayeri

Leptoseris papyracea

Family Fungiidae, Dana, 1846: Solitary or colonial, free-living or attached, mostly
hermatypic and extant. Colonial genera are derived from solitary genera and each has
septo-costal structures corresponding to those of a solitary genus. These septo-costae
radiate from the mouth on the upper surface as septa and from the centre of the
undersurface as costae.

Cycloseris cyclolites
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Fungia paumotensis

Podabacia crustacea

Genus Cycloseris, Milne Edwards and Haime, 1849: Solitary, free-living, flat or dome-shaped,
circular or slightly oval in outline, with a central mouth. Septa have fine teeth; costae are fine,
without undersurface pits. Polyps are usually extended only at night. Fine tentacles cover the
upper surface of the disc. Cycloseris is close to Fungia and resembles Diaseris. Fungia grows
larger than Cycloseris, may be elongate, and has septa with larger teeth and costae
composed of rows of spines. Diaseris is composed of wedge-shaped segments giving an
irregular shape; septa are thick with blunt teeth.
Genus Diaseris, Edwards and Haime, 1849: Corals are flat, solitary, free-living polyps, which
are composed of several fan-shaped segments with a mouth situated at the point of
divergence of the segments. Septa are thick with blunt teeth resembling rows of granules.
Corals are commonly inflated with water. The increased surface area may help to prevent
burial in soft substrates and may also facilitate movement across the substrate.
Genus Fungia, Lamarck, 1801: Corals are solitary, free-living (except for juveniles), flat or
dome-shaped, circular or elongate in outline, with a central mouth. Septa have large or
small, rounded or pointed teeth; costae consist mostly of rows of spines. The disc often has
pits between the costae on the lower surface. Fungia is distinguished from Cycloseris by
growing much larger, frequently being elongate, often having septa with larger teeth and
costae with large spines and sometimes having pits on the lower surface.
Genus Ctenactis Verrill, 1864: Polyps are elongated with a prominent central furrow, which
may have one to several mouths. Adults are free-living and either mono- or poly stomatous.
Septa are neatly spaced and have large triangular evenly spaced teeth. Septal dentations are
coarse and either angular or rounded-lobate. The coastal spines are relatively large and
echinose. It is similar to Fungia and Herpolitha.
Genus Herpolitha Eschscholtz, 1825: Adults are free-living, elongate, with an axial furrow
that may extend to the corallum ends. Several centres, corresponding with mouths, are
arranged along the furrow and secondary centres are distributed over the rest of the upper
surface. The corallum wall is perforated and not covered by granulations. The granulations
on the septal sides are arranged in rows perpendicular to the septal margins.
Genus Polyphyllia, Quoy and Gaimard, 1833: Coralla are polystomatous, mostly elliptical or
elongate in outline. Colony formation is by linear polystomodeal budding in early stages,
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followed by abundant circumoral budding. Secondary centres are numerous and equal to
nearly equal in size to those of the axial furrow, which may become obscure. Septal and
costal characters are those of Fungia (Pleuractis) paumotensis and Herpolitha. Corallum wall
is perforated. It is not covered by granulations.
Genus Sandalolitha, (Quelch, 1884): Adult animals are free-living. Colonies are with heavy
construction and without an axial furrow. Corallites are exsert, outward facing and
numerous. The polyps become polystomatous by circumstomadaeal budding. The corallum
wall is perforate. The septal and coastal ornamentations are coarse. The granulations on the
septal sides are irregularly dispersed. Polyps are extended only at night.
Genus Halomitra, Dana, 1846: Adults are free-living. Colonies are thin walled and delicate,
with outward facing corallites.Coralla are polycentric, free, subcircular, gently convex or
strongly arched (bell-shaped), without, an axial furrow. The corallum wall is perforated and
its lower surface is granulated. The septal and coastal ornamentations are coarse. The
granulations on the septal sides are either arranged in rows or in ridges perpendicular to the
septal margin. Colony formation is by circumoral, polycyclic polystomodeal budding. Septocostal characters are those of Fungia (Fungia) fungites.
Genus Lithophyllon Rehberg, 1892: The animals remain in anthocaulus stage (they do not
become detached). The polyps are polystomatous by circumstomadeal budding. The
corallum wall is solid and does not form fragmentation clefts. The septal dentations are
ravel-shaped. Coralla are polycentric, explanate, foliaceous, unifacial and remain attached to
the substratum in the adult stage. Colony formation is by marginal budding. Septo-costae
structures are those of Cycloseris. Polyps are usually extended only at night. Lithophyllon is
most similar to Podabacia.
Genus Podabacia, Milne Edwards and Haime, 1849: The animals are free-living. The corals
are either cup shaped or foliaceous. Coralla are polycentric, explanate or foliaceous,
remaining attached to the substratum in the adult stage. Corallites are well defined, usually
inclined towards the plate margins. The corallum wall is perforated and covered by
granulations. The septal dentations are fine and lobate with granulations irregularly
distributed over their sides.

Cycloseris cyclolites
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Family Pectiniidae, Vaughan and Wells, 1943: There is one solitary fossil genus; the
remainder is colonial and hermatypic. Colonies are basically laminar, composed of thin
plates. Corallite walls are absent or formed by the non-porous costate coenosteum of the
laminae. Family Mussidae is similar to Pectiniidae.
Genus Echinophyllia, Klunzinger, 1879: Colonies are encrusting or laminar. Calices are round
or oval, immersed to tubular and not strongly inclined on the colony surface. Septa are
usually numerous. Columellae are usually well developed. The coenosteum is pitted at the
commencement of new septo-costae.
Genus Oxypora, Saville-Kent, 1871: Colonies are foliaceous, usually with very thin laminae.
Calices are round or oval in shape, irregular, shallow, not strongly inclined on the corallum
surface. Septa are few, columellae are poorly developed. The coenosteum is pitted at the
insertion of new septo-coastae. Oxypora is readily confused with Echinophyllia especially
when colonies become thickened. Sometimes it is confused with Echinopora and Mycedium
also.
Genus Mycedium, Oken, 1815: Colonies are laminar or foliaceous. Corallites are noseshaped, facing outward towards the corallum perimeter. Septa and columellae are well
developed and costae form outwardly walls. The coenosteum is never pitted at the insertion
of new septo-costae. Polyps are extended only at night.
Genus Pectinia, Oken, 1815: Colonies are laminar to sub-arborescent, covered with high,
thin, acute irregular walls usually arranged as wide valleys. Valleys may be as short as they
are wide and the walls may form tall spires, becoming sub-arborescent. Corallite centers
occur in any position. Septo-costae are well developed and may form the start of walls or
spires. Polyps are extended only at night.

Oxypora lacera

Mycedium elephantotus

Pectinia paeonia

Family Merulinidae, Verrill, 1846: It is composed of five genera, Hydnophora, Merulina,
Paraclavarina, Scapophyllia and Boninastrea. All genera are extant, hermatypic and colonial.
Skeletal structures are faviid-like but are highly fused, without paliform lobes. Valleys are
superficial or may become obscured because of fanwise spreading or contortions. Faviidae
and Trachyphyllidae are related to Merulinidae.
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Genus Hydnophora, Fisher de Waldheim, 1807: Colonies are massive, encrusting, or
arborescent. The genus is characterized by the presence of hydnophores formed where
sections of common wall between corallites intersect and develop into conical mounds.
Hydnophores cover the colony surface and make this genus immediately recognisable.
Short tentacles surround the base of each hydnophore, one tentacle between each pair of
septa.
Genus Merulina, Ehrenberg, 1834: Colonies are laminar and foliaceous or sub-arborescent
with different growth forms characteristically occurring in one colony. Valleys are short,
straight and spread fanwise, then divide. They radiate from the colony centre on flat surfaces
but are highly contorted on branches. Flat surfaces often have concentric growth lines.
Genus Scapophyllia, Milne Edwards and Haime, 1848: It is a monospecific genus. Colonies
are composed of blunt-ended columns, which may divide and with thick laminar bases.
Valleys are meandroid and sinuous. Septa are thick in the valleys and fuse irregularly with
each other and with a few thick septal teeth that comprise each columella. Polyps are
extended only at night and have long tapering tentacles of uniform length.

Hydnophora rigida
Family Dendrophylliidae, Gray, 1847: Solitary or colonial, mostly ahermatypic. Corallite
walls are porous, usually composed of coenosteum. Septa are fused in a distinctive pattern
(Pourtales Plan = inner margins of higher order septa curve to adjacent septa and fuse),
atleast in immature corallites. Not related to any other family. This family contains only
three hermatypic genera, Turbinaria, Duncanopsammia and Heteropsammia. Superficially
they are completely different. Turbinaria and Heteropsammia are reported from India.
Genus Turbinaria, Oken, 1815: Colonies are massive, columnar, laminar or foliaceous with
laminae frequently contorted. Corallites are round, immersed to tubular and have porous
walls with the same structure as the surrounding coenosteum. Septa are short and neat,
columellae are broad and compact. Polyps, except for those of T. peltata, are usually
extended only at night. Turbinaria is a well-defined genus, which does not resemble any
other, except occasionally Astreopora.
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Turbinaria peltata
Family Mussidae, Ortmann, 1890: All genera are hermatypic, solitary or colonial, extant or
fossil. Skeletal structures are solid. Corallites and valleys are large. Septa have large teeth or
lobes. Columellae and walls are thick and well developed. Family Pectiniidae is related to
Mussidae.
Mussidae includes the following genera, Blastomussa, Cynarina, Scolymia,

Australomussa, Acanthastrea, Lobophyllia, Symphyllia, Mussa, Isophyllia, Isophyllastrea,
Mycetophyllia and Mussimillia. The last five genera are restricted to the Atlantic.

Acanthastrea echinata

Symphyllia recta

Genus Acanthastrea, Milne Edwards and Haime, 1848: Colonies are massive, usually flat.
Corallites are cerioid or subplacoid, monocentric, either circular or angular in shape. Septocostae are thick near the corallite wall, becoming thin near the columella and have tall
mussid teeth. Polyps are thick-walled and are extended only at night. Acanthastrea does
not resemble any other mussid genus, with the exception of A. hillae, which is sometimes
Symphyllia like. However, Acanthastrea species are readily confused with Faviidae, especially
Favites (in the case of A. echinata). They are identified much more easily in underwater,
where thick fleshy polyps obscure underlying skeletal structures, just as they do with most
other mussids.
Genus Lobophylliade, Blainville, 1830: Colonies are phaceloid to flabello-meandroid either
flat-topped or dome-shaped. Corallites and /or valleys are large. Septa are large with very
long teeth. Columella centers are broad and compact. Polyps are extended only at night.
Symphyllia has coarse skeletal structures comparable to Lobophyllia.
Genus Symphyllia, Milne Edwards and Haime, 1848: Colonies are meandroid, either flattopped or dome shaped. Valleys are wide. A groove usually runs along the top of the walls.
Septa are large with long teeth. Columella centers are broad and compact. Polyps are
extended only at night. Lobophyllia alone has coarse skeletal structures comparable to
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Symphyllia.
Genus Cynarina, Bruggemann, 1877: One of the most delicate and beautiful corals known.
Despite their delicate appearance Cynarina, alone among the mussids, are tolerant of a wide
range of environmental conditions and make a good aquarium speciemen. It is a
monospecific genus. Corals are monocentric (oval or circular or cylindrical) with a base firmly
attached or with a pointed base and free living. Primary septa are thick and have very large
teeth. Paliform lobes are usually well developed. Columellae are broad and compact.

Symphyllia agaricia

Lobophyllia corymbosa

Cynarina lacrymalis

Family Faviidae, Gregory, 1900: The Faviidae is one of the most important families of
scleractinian corals. It is the biggest in terms of number of genera. All extant species are
hermatypic and colonial. Septa, paliform lobes, columellae and wall structures, when
present, appear to be structurally similar. Septal structures are simple, columellae are a
simple tangle of elongate septal teeth, walls are composed of thickened septa and crosslinkages. Families Merulinidae and Trachyphyllidae and Mussidae are related to familily
Faviidae. Family Faviidae is composed of the following 24 genera; Diploria, Calpophyllia,

Manicinia, Solenastrea, Cladocora, Astreosmilia, Erythrastrea, Caulastrea, Favia, Barabattoia,
Favites, Goniastrea, Platygyra, Australogyra, Leptoria, Oulophyllia, Oulastrea, Montastrea,
Plesiastrea, Diploastrea, Leptastrea, Cyphastrea, Echinopora and Moseleya.
Genus Favia, Oken, 1815: Colonies are usually massive, either flat or dome-shaped. Corallites
are monocentric and plocoid, each corallites projects slightly above the colony surface and
have their own wall. Intratentacular division forms daughter corallites. Polyps are extended
only at night and have a simple circle of tapering tentacles, often with a pigmented tip. Favia
is similar to Favites but the latter has cerioid corallites. This distinction is sometimes
arbitrary, because corallites of Favia are further characterised by subdividing equally,
whereas, corallites of Favites usually subdivide unequally, producing daughter corallites of
different sizes.
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Favia favus

Goniastrea retiformis

Leptoria phrygia

Diploastrea heliopora

Echinopora lamellosa

Oulophyllia crispa

Genus Favites, Link, 1807: Colonies are usually massive, either flat or dome-shaped.
Corallites are monocentric and cerioid, occasionally subplocoid. Corallites are usually
reported with 6 - 14 mm in size. Adjacent corallites mostly share common walls. Paliform
lobes are often poorly developed. Polyps are extended only at night and have a single circle
of tapering tentacles like Favia. Favites is similar to Favia and also to Goniastrea. Goniastrea
may be cerioid like Favites, inwhich case it is distinguished by the presence of prominent
paliform lobes, and by having a very regular pattern of septa with relatively fine teeth.
Genus Goniastrea, Milne Edwards and Haime, 1848: It is one of the toughest of all corals
and can tolerate several hours of exposure to the tropical sun during the low tide and also
muddy or low salinity conditions. Colonies are massive, usually spherical or elongate.
Corallites are monocentric and cerioid to polycentric and meandroid. Paliform lobes are well
developed. Meandroid colonies have well-defined columella centres. Polyps are extended
only at night. Goniastrea has similaraties with Favites, Leptoria and also Platygyra. Platygyra,
like Goniastrea can be cereoid or meandroid but has no paliform lobes and columella
centres and is seldom distinguishable.
Genus Platygyra, Ehrenberg, 1834: Colonies are massive, either flat or dome-shaped.
Corallites are rarely cerioid, commonly meandroid. Paliform lobes are not developed;
columellae seldom form centres and are continuous tangle of species. Polyps are extended
only at night. Platygyra is similar to Goniastrea and Leptoria. Leptoria is more meandroid
than Platygyra, has distinctive wall-like columellae and has uniformly spaced septa of equal
size. All species of Platygyra shows similar skeletal modifications along environmental
gradients and some, especially P. daedalea and P. lamellina, may sometimes be difficult to
distinguish unless they occur together.
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Genus Oulophyllia, Milne Edwards and Haime, 1848: Colonies are massive, monocentric to
meandroid, composed of large valleys with widely spaced, ragged septa and acute thin walls.
Paliform lobes are usually present. Polyps are extended only at night. This genus is similar
to Platygyra.
Genus Leptoria, Milne Edwards and Haime, 1848: Colonies are massive with an even surface
and dense skeleton. Corallites valleys are highly meandroid and uniform. Septa are
uniformly spaced and are of equal size. Columellae are wall-like with a lobed upper margin
and do not form centres. Paliform lobes are absent. Polyps are extended only at night.
Leptoria is similar to Platygyra and Goniastrea. Goniastrea is less meandroid than Leptoria,
has columella forming distinct centres and well-developed paliform lobes.
Genus Montastrea, Blainville, 1830: Colonies are massive, either flat or dome-shaped.
Corallites are monocentric and plocoid. Daughter corallites are predominantly formed by
extratentacular budding, which is, budding from the wall of parent corallites. Some
intratentacular budding may also occur. This genus can be separated readily from the other
massive faviid genera with extratentacular budding (Plesiastrea, Diploastrea, Leptastrea,
Cyphastrea) because each of these has well defined characters.
Genus Plesiastrea, Milne Edwards and Haime, 1848: Colonies are massive, rounded or
flattened. Coralla are sub-cerioid to plocoid with round corallites produced by extratentacular budding. Like Montastrea, but corallites are smaller, with a well developed
paliform crown composed of true Pali. Polyps are usually extended only at night. Plesiastrea
is close to Montastrea but has smaller corallites with well-developed paliform lobes.
Genus Oulastrea, Milne Edwards and Haime, 1848: Colonies are encrusting and grow to only
a few centimeters in diameter. Corallites are like a small Montastrea. The skeleton remains
black with septa when dried. Defined genus.
Genus Diploastrea, Matthai, 1914: Colonies are dome-shaped with a very even surface and
may be up to 2 m high and 7 m in diameter. The skeleton is very dense. Corallites are
plocoid. Columellae are large. Septa are equal and are thick at the wall and thin where they
join the columellae. Polyps are extended only at night. Well-defined genus. This is one of
the most easily recognised of all corals.
Genus Leptastrea, Milne Edwards and Haime, 1848: Colonies are massive, usually flat or
dome-shaped. Corallites are subcerioid to plocoid. Costae are poorly developed or absent.
Columellae consist of vertical pinnules. Septa have inward-projecting teeth. Polyps are
extended only at night. Leptastrea is a well-defined genus closest to Cyphastrea, which is
plocoid with widely separated corallites.
Genus Cyphastrea, Milne Edwards and Haime, 1848: Species are massive to columnar with a
smooth or hillocky as in the case of C. serailia and massive or encrusting as in the case of C.
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microphthalma. Corallites are plocoid, with calices less than 3 mm in diameter. Costae are
generally restricted to the corallite wall; the coenosteum is granulated. Polyps are extended
only at night. Cyphastrea is a well-defined genus. It resembles Echinopora and Plesiastrea
versipora, which is distinguished by having larger corallites with well-developed paliform
lobes and by having costae of adjacent corallites in contact, with no coenosteum granules. It
also resembles some Montastrea with small corallites.
Genus Echinopora, Lamarck, 1816: Colonies are massive, arborescent or foliaceous or
mixtures of these forms. Corallites are plocoid with calices up to 5 mm in diameter. Septa
are exsert and irregular. Columellae are usually prominent. Costae are usually restricted to
the corallite wall. The coenosteum is granulated. Polyps are extended only at night.
Echinopora is a well-defined genus. It is closer to Cyphastrea, which is distinguished by its
massive, or encrusting growth form. The corallites of these genera are similar; those of
Echinopora are usually larger, with thicker walls and more prominent columellae and septa.

Favia favus

Favites fleuxuosa
\

Favites halicora
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Echinophora lamellosa

Cyphastrea micropthalma

Leptastrea transversa

Diploastrea heliopora

Family Trachyphyllidae, Verrill, 1901: Solitary to colonial and zooxanthellate. The family is
separated fromFaviidae by growth-form, the presence of large paliform lobes and fine teeth
on the septa. This family has only one genus Trachyphyllia.

Trachyphyllia geoffroyi
Genus Trachyphyllia, Milne Edwards and Haime, 1848: It is a monospecific genus. Colonies
are usually free-living, colonial and flabello-meandroid, resulting from intramural budding.
Corallite wall appears to be primarily parathecal and primarily septothecal. The columella is
trabecular centers are linked.
Family Poritidae, Gray, 1842: Family Poritidae is a heterogenous assemblage of distantly
related genera. It is Colonial, hermatypic and mostly extant. Colonies are usually massive,
laminar or ramose. Corallites have a wide size range but are usually compact with little or no
coenosteum. Walls and septa are porous. The Poritidae includes five extant hermatypic
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genera, Porites, Stylaraea, Poritipora, Goniopora and Alveopora. Poritipora is a very recently
erected genus.

Porites lobata

Porites lichen

Goniopora minor

Porites nigresences

Genus Porites, Link, 1807: Colonies are flat (foliaceous or encrusting), massive or branching.
Massive colonies are spherical or hemispherical when small and helmet or dome-shaped
when large, and are commonly over 5 m in diameter. Corallites are small, immersed, with
calices less than 2 mm in diameter and filled with septa. Polyps usually extend only at night.
Porites resembles Montipora. Porites differs from Montipora by different growth forms.
Corallites are usually larger and more compacted and lack the elaborate thecal and reticulum
papillae and tuberculae, which characterise Montipora. Porites also have corallites filled with
septa, whereas those of Montipora contain only inward projecting septal teeth. Porites
species are the most difficult of all the major genera to identify because of variable and small
corallites.
Genus Goniopora de Blainville, 1830: Colonies are usually columnar or massive but may be
encrusting. Corallites are usually thick but porous walls and calices are filled with compact
septa and columella. Polyps are long and fleshy, extended day and night. Goniopora are
usually easier to identify in underwater than they are from skeletons. They have 24 tentacles.
Different species have polyps of different shapes and colours, which allows easy
identification in underwater. Goniopora is similar to Alveopora. Polyps of this genus are
similar to Goniopora, which has 24 tentacles, while Alveopora has only 12.
Genus Alveopora de Blainville, 1830: Colonies are massive or branching, often with irregular
shapes. The skeletal structure is very light, consisting of interconnecting rods and spines.
Corallites have walls that are perforated and septa that are mostly composed of fine spines,
which may meet in the centre forming a columella tangle. It has 12 tentacles, often with
swollen knob-like tips. Alveopora is similar to Goniopora.
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Goniopora stokesi

Porites solida

4. Data collection and analysis
Coral reefs are the most complex marine ecosystems on earth, and it is not practical to
monitor all of the reef’s animals and plants and their many interactions. However, here are
some basic principles to keep in mind regardless of your specific monitoring objectives.
1. To have data for Environmental Impact Assessment the extent and cause of changes,
obtain information on:
•

Basic environmental parameters such as temperature, salinity, and turbidity.

•

The abundance of stony corals, octocorals, algae, sponges and reef fish.

2. To have both qualitative and quantitative records at well – documented site locations,
use a combination of photographic and transect or quadrat methods.
3.

Sample often enough to obtain documentation of changes in reef organisms of
interest, but not so frequently that your sampling is destructive or inefficient.
4. Establish procedures for long-term monitoring that are as free as possible from
observer bias, and easily repeated by people who may be assigned the task in the
future, and make sure the procedures are well documented.
5. Make sure your monitoring site is clearly defined and easy to locate, not only by you
but also by others who have never visited the site.
Data collection in the field can be fraught with difficulties, including logistical problems,
equipment failures, and bad weather. Errors can result from not sampling in exactly the same
place each time, from not clearly communicating instructions to new data collectors, or from
mistakes in recording or transcribing the data. Here are some suggestions for increasing
your chances of success.
▪

Preliminary testing and sound, design should be included in any monitoring program.
Before actual data collection begins, the methodology and equipment should be
field-tested under the conditions that will be found at the study site to make sure
they can provide reliable and repeatable information.
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▪

▪

▪

▪

▪

Long-term monitoring methods intended for use at permanent sites should be
repeated within a short time interval, preferably by different observers, to assess the
variation inherent in the method. Only when monitored values change by more than
the “method variance” has a real change been detected. The variability between
data collectors should be checked by having those record data for the same sample
and comparing the results.
A pilot study can also help determine the most effective sample size for obtaining the
required information. For example, the optimal sample size can be calculated by
plotting sample effort versus the number of species seen during your pilot study.
Very basic data (date, time, location, depth, weather conditions, personnel, study site,
species, method) may become critical at a later date so be sure to record it each time
you do field work.
All field notes should be reviewed as soon as possible after collection to make sure
they are clear and complete, then photocopied for the file, transcribed into a
permanent data book, and entered into a computerized data base, with a copy of the
file kept in a second location.
Be careful that the demands of data collection don’t use up your resources to the
detriment of data management and analysis. In planning your monitoring program,
be sure to allow for the time and expense needed to interpret and understand the
data you collect. The use of computerized databases can greatly enhance and
simplify data organization and statistical manipulation.

Underwater data collection: Mylar sheet or a white slate may be used for repeated reuse
after transcribing the data and scouring it with cleanser. Some people prefer to use an
opaque water proof paper made by Nalgene as a permanent record, eliminating the need for
transcription. You can secure the data sheets to the clipboard with rubber bands or elastics,
and tie on your pencil. If you want a pencil that won’t float away when it becomes untied,
you can use Faber- Castell solid graphite pencils.
General Surveys and Maps: Most of the biological monitoring methods focus on censuring
small sections of a coral reef (several square meters) and detecting changes over time.
However, you may need to quickly survey a large area in certain situations. For example, a
general survey of most or all of a reef will be essential if you want to assess storm damage or
determine the appropriate boundaries for a marine park. A preliminary survey can also be
helpful in selecting a study area for a long – term monitoring program. The use of aerial
photographs and a manta tow survey are two techniques used in making this kind of general
assessment.
Aerial Photography: Aerial photographs provide a good starting point for a general survey
of a coral reef. At a scale of 1: 5000, many reef features are visible, and if the photos are
taken during calm and clear conditions, water clarity may allow resolution of major features
to a depth of 60 feet or more. Aerial photographs can be used to:
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▪
▪

▪

Assist in selecting appropriate study sites.
Document the distribution and extent of major marine ecosystems and the
patterns of land and marine use which might affect these systems (e.g.,
construction of tourism facilities, clearing of hillsides, the increase in boats
using an area).
Provide a record of large – scale changes in shallow reefs and Seagrass beds
resulting from natural events such as storms or from human activities such as
construction of marinas or other coastal development.

Ground truthing: Aerial photos with high resolution can sometimes be used to identify
major zones and habitats, although changes in the condition or abundance of reef
organisms do not generally show up. You may need to self contained underwater breathing
apparatus (SCUBA) dive or snorkel to determine exactly what certain areas represent; the
photograph may indicate only the location of drop-offs and the transition between zones.
This field effort to verify the zonation patterns or habitat types in the photographs is referred
to as “ground truthing”.
Mapping: You can create “base maps” of marine communities from enlarged aerial
photographs (usually at 10”x 10”). It is best to use professionally produced aerial
photographs with a known scale. Photographs taken from a plane with a 35 mm camera are
fine for general views; however, because they are usually not taken perpendicular to the
surface, measurements of features are inaccurate. There is an important consideration if you
are trying to produce a precise resource map. To create a “base maps” of marine
communities from enlarged aerial photograph. Using scale markers, such as a boat
positioned a known distance from a landmark, will enhance the accuracy of the drawing.
These base maps can be used to make rough estimates of the major habitats and zones.
Geographical Information System (GIS): Maps developed from aerial photographs can be
used with geographic information a system, which enables you to use a computer to analyze
large amounts of spatially located data, identify locations within a specified environment that
meet certain criteria, and display the environment graphically or numerically. AGIS could be
helpful in documenting changes in land use patterns (e.g., road building or land clearing),
and large scale changes in the aerial extent of marine ecosystems, especially Seagrass beds.
A GIS is a powerful way to integrate and display large amounts of geographic data. However,
geographic information systems are only as good as the data they are based on, and some
of the data must be collected through labor-intensive field techniques. To find out maps or
aerial photographs may be available for the area you are interested in, contact National
Remote Sensing Agency, Hyderabad, Naval and Physical Oceanography Laboratory,
Manta Tow Survey: The Manta tow technique is used to assess broad changes in the
benthic communities of coral reefs where the unit of transect is often an entire reef, or large
portion thereof. It enables visual assessment of large areas of reef within a short time and is
highly recommended for determining the effects of large-scale disturbances such as those
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caused by cyclonic storms, coral bleaching and outbreaks of Acanthaster planci (Crown- ofthorns starfish). The technique is also useful for selecting sites that are representative of
large areas of reef.
This technique involves towing
an observer, using a rope and manta
board, behind a small boat powered by
an outboard motor. Tows are carried
out at a constant speed around the
perimeter of a reef and are broken into
units of two-minute duration. During
each two-minute tow, observations are
made on several variables (e.g. percent cover of live coral, dead coral and soft coral). These
are recorded onto data sheets as categories. Additional information may be collected,
dependent on the survey objectives, e.g. percent cover of sand and rubble, and numbers of
Acanthaster, Diadema or Tridacnid clams.
Analysis
▪

▪
▪

The database file allows the retrieval of information about general conditions of the
reef slope in relation to percent cover of live coral and soft coral. Information on the
reef is readily obtained when cross-referenced with the map showing the position of
individual tows.
Median values of biological variables give an indication of the state of the whole reef.
These values are readily calculated using statistical software packages.
If estimates of abundance are required for organisms other than those included in
this handbook (e.g. Tridacna), then detailed analysis of data will be required to
measure the precision of the technique for that organism.
Sample Manta Tow Data Sheet

Location:

Date:

Observer:

Time:
Percentage Live Cover

Tow

Stony
Corals

Octo corals

Algae

Other Features

Transect Method: Line Intercept Transect (LIT): Line intercept transects are used to assess
the sessile benthic community of coral reefs. The community is characterized using lifeform
categories, which provide a morphological description of the reef community. These
categories are recorded on data sheets by divers who swim along lines, which are placed
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roughly parallel to the reef crest at depths of three meters and 10 m at each site. The LIT is
used to estimate the cover of an object or group of objects within a specified area by
calculating the fraction of the length of the line that is intercepted by the object. LIT has
been used for objectives ranging from large-scale spatial problems, to morphological
comparisons of coral communities, and studies assessing the impact of natural and
anthropogenic disturbances.
Life form categories used for conducting Line Intercept Transpect studies for assessing corals
for Environmental Impact Assessment as well as Staus of live coral cover of a given area
Categories

Code

Remarks

Hard coral
DC
Recently dead, white to dirty white

Dead coral
Dead coral with
algae
Acropora
Branching

DCA

Encrusting

ACE

Submassive

ACS

Usually the base-plate of immature
Acropora forms,
Robust with knob or wedge-like for

Digitate
Tabular
Branching

ACD
ACT
CB

No 2° branching, typically like
Horizontal flattened plates
At least 2° branching

Encrusting

CE

Foliose

CF

Massive
Submassive

CM
CS

Solid boulder or mound
Tends to form small columns, knobs, or
wedges

Mushroom
Heliopora

CMR
CHL

Solitary, free-living corals of the Fungia
Blue coral

Millepora

CME

Fire coral

Non-Acropora

Tubipora

ACB

This coral is stranding,
structure can still be seen
At least 2° branching,

Major portion attached to substratum
as a laminar plate
Coral attached to one or more points,
leaf-like, or plate like appearance

CTU
Organ-pipe coral, Tubipora musica
Other Fauna

Soft coral

SC

Soft bodied corals

Sponges
Zoanthids

SP
ZO

Examples are Platythoa,

Others

OT

Algae

INDOMER
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Algae
assemblage

AA

Coralline algae

CA

Ascidians, anemones, gorgonians,
giant clams, etc.,
Consists of more than one species
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Halimeda

Abiotic

Others

Macroalgae

HA
MA

Turf algae

TA

Lush filamentous algae, often found
inside damselfish territories

Sand
Rubble

S
R

Unconsolidated coral fragments

Slit
Water

Sl
WA

Fissures deeper than 50 cm

Rock

RCK

-

DDD

Missing data

Weedy/fleshy browns, reds, etc.,

Model data sheets used for collection of Line Intercept Transect to study the status and live
cover of coral reefs during Environmental Impact assessment study
LINE INTERCEPT DATA
Location
Reef name …………………………Reef zone ………… Reef latitude………………………
Date ………… Time …………… Wind …………………Cloud ………… Longitude
………
Turbidity ……………………………Light ……………… Top ………
Depth …………… Sea …… ……...Tide …… …………. Temp Bot ……….Salinity Bot…….
Replicate
……………………………Site
N°
……………..
Collector
…………………………….
Remarks
Benthos
Occurrence
Notes
Transition
Field code

Analysis
▪

Summary data showing percent cover and number of occurrences of each lifeform
may be calculated using the line intercept data. After calculating the intercept
(length) from the transition points recorded along the transect (Fig .15), the percent,
cover of a lifeform category is calculated.
Percent cover = Total length of category X 100
Length of transect
Hence, for the lifeforms shown in the fig,
Percent cover lifeform 1 = L1 +L3 +L5 + L7 X100
Y
Percent cover lifeform 2 = L2 + L4 + L6 X100
Y
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These analyses will provide quantitative information on the community
structure of the sample sites. Successive samples can also be compared when
the sites have been sampled repeatedly over time.
If reefs have been selected to represent both disturbed and pristine sites, then
comparison of change detected in these sites may allow recognition of change
due to disturbance from natural and human –induced pressures. This provides a
predictive tool in reef management.
Where rigorous statistical comparisons of reef community structures within and
between sites are needed, greater replication of transects at each sampling site
will be required.

▪

▪

▪

Random Swim Technique: The random swim technique provides good information on
abundance and species richness, but not on population density. The entire census period
is spent searching for unrecorded fish species rather than recording other data the fish.
To obtain reliable data, replicate sample censuses must be conducted.
Variations of this technique appear in Jones and Thompson (1978), and Kimmel
(1985). The basic technique for a 50-minute census is presented below.
▪
▪
▪

Begin the census at a random location in the selected reef area.
The census period is divided into five 10-minute intervals. Record the name of
each species in the interval in which it is first seen.
To estimate its abundance, each species is given a score based on the interval
within which it is first observed. Your data sheet may look something like this:

Model Random Swim Data Sheet for conducting live and dead coral cover during a rapid
environmental impact assessment in coral reef areas
23/01/18: Upper platform, coral cover: 21% , Depth: 50’
0-10min
Score:

11-20 min
Score:

21-30 min
Score:

31-40 min
Score:

41-50 min
Score:

Analysis: You need to consider how to analyze the data when it is design your fish censusing
method. It’s usually important to analyze data on frequency of occurrence, abundance,
richness, evenness and diversity of species at individual sites and sites. Data on changes in
relative abundance and frequency of occurrence can provide information on population
changes for individual species. Changes in average size and structure of size classes of
important species can also be evaluated.
Data may be summarized using a data management program such as Oracle 8i, SQL server
and then analysed with a statistical package such as SAS or Minitab. Several stastical
techniques are variable to analyze the data when you have multiple variables
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(Cluster analysis or deterended correspondence analysis) and test for differences among the
sites (parametric/non-parametric techniques) or over time (time –series only). The references
listed below provide explanations of these and other statistical methods.
5. Ecological significance of coral communities
Corals are usually containing a very dense and diverse assemblage of species, many of which
are filtering the water for food, feeding on reef plants, or seeking common prey. Due to its
enormous productivity in oceans environment, corals reefs are often called as ‘Rain forest
of the Sea’. The fauna and flora of the reef system supports a vast interdependent food
web, from microscopic plants as the primary level and animals to humans as tertiary point.
Corals are the main important structural feature of reefs in shallow coastal waters in India.
The high productivity and biological diversity made the corals most sustainable in this
changing environment. The coral reefs are the natural heritage and stock of biological
diversity of the world, which supports a great deal of faunal communities. It has been
estimated that ten million species live on coral reefs of the world. The productivity of healthy
coral reefs supports a rich interlinked system of species, which has been the main source of
food and resources. The reef organisms are yielding influential chemicals effective in
treatment of disease. Coral reefs cover less than 0.09% of the total area of oceans but act as
home for 25% of all marine biodiversity. Coral reefs are dynamic systems, producing
limestones at the rate of 400-2000 t/ha/y. Coral reefs influence the chemical balance of
world’s oceans.
Tourism: The tourism industry is one of the fastest growing sectors of the global economy.
Reefs of Gulf of Mannar, Lakshadweep, Gulf of Kachchh and Andaman and Nicobar Islands
are a major destination for snorkelers, scuba divers, recreational, boaters and sun seekers.
Diving tours, fishing trips, hotels, restaurants, and other businesses based near reefs provide
millions of jobs and support many regional economies in the Andaman and Nicobar Islands,
contributing billions of rupees in tourism-dependent revenue annually.
Coastal Protection: Coral reefs buffer adjacent shorelines from wave action and prevent
erosion, property damage and loss of life. Reefs also protect the highly productive mangrove
fisheries and wetlands along the coast, as well as ports and harbors and the economies they
support. Globally, half a billion people are estimated to live within 100 km of a coral reef and
benefit from its production and protection.
Biodiversity: Reefs support at least a million described species of animals and plants.
Another 8 million coral reef species are estimated to be as yet undiscovered. In many ways,
coral reefs rival and surpass tropical rainforests in their natural wonder and biological
diversity and complexity. This unparalleled biodiversity holds great promise for natural
products derived from reef dwelling organisms, such as the many pharmaceuticals being
developed from coral reef animals and plants as possible cures for cancer, arthritis, human
bacterial infections, viruses, and other diseases. In fact, reefs are often predicted to be the
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primary source of natural compounds for new medicines in the 21st century.
Fishing: Over 50% of all nationally managed fisheries species depend on coral reefs for part
of their life cycle. In India, coral reefs contribute about one-quarter of the total fish catch,
providing food to a major people in the world scenario.
Natural Heritage: Coral reefs are an important part of India's natural heritage, rivaling the
longevity or complexity of some treasured land-based resources like forests. Many coral
species have no known limit on colony size or age and may continue growing indefinitely in
favorable habitats of the coast. Even today, some of the largest individual coral colonies were
found on coastal regions of India. The scientific, aesthetic and conservation value of such
ancient animals and their complex biogenic habitats is unparalleled. These are considered to
be truly living museums of the world's marine biological diversity.
6. Presentation of EIA report
Marine/Coastal Ecology: Baseline data of aquatic flora and fauna at the project area,
including the coastal area is to be established by proper surveys including mangroves and
marshes and other coastal vegetation, sand dunes. Data on coastal stability, seismic
characteristics, history of any endangered species, coastal erosion, shoreline changes, if any,
is also necessary.
Biodiversity: Flora and fauna in the neighbourhood Details on secondary data on the
existing flora and fauna in the study area as well as 10 km from its boundary, carried out by
an university/institution (ZSI, BSI, WII) under the relevant discipline shall be included in the
list of flora and fauna along with classification as per Schedule given in the Wild Life
Protection Act, 1972 (for fauna) and in the Red Book Data (flora) and a statement clearly
specifying whether the study area forms a part of an ecologically sensitive area or migratory
corridor of any endangered fauna.
Government of India is required to implement under sub-rule (3) of Rule 5 of the
Environment (Protection) Rules, 1986 for imposing certain restrictions and prohibitions on
new projects or activities, or on the expansion or modernization of existing projects or
activities based on their potential environmental impacts as indicated in the Schedule to the
notification, being undertaken in any part of India1, unless prior environmental clearance has
been accorded in accordance with the objectives of National Environment Policy as
approved by the Union Cabinet on 18th May, 2006 and the procedure specified in the
notification, by the Central Government or the State or Union territory Level Environment
Impact Assessment Authority (SEIAA), to be constituted by the Central Government in
consultation with the State Government or the Union territory Administration concerned
under sub-section (3) of section 3 of the Environment (Protection) Act, 1986 to protect
biodiversity at different levels:
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•

•

•

Ecosystems containing rich biodiversity, large numbers of threatened or endemic
species, with social, economic, cultural or scientific significance, or relevant for key
processes such evolutionary processes, and ecosystems of relevance to migrating
species.
Species and communities of species that are threatened in their existence, related to
domesticated or cultivated species, and species with medicinal, agricultural, or other
economic, social, cultural or scientific significance, and indicator species.
Genotypes with social, scientific or economic significance.

The design of the environmental impact assessment process is such, that the full range of
factors that cause changes in biodiversity is considered:

Direct drivers of change, which can be identified and measured include the following
groupings:
a.
b.
c.
d.
e.
f.
g.

changes in land use and land cover,
fragmentation and isolation,
extraction, harvest, or removal of species,
external inputs such as emissions, effluents, chemicals,
disturbance,
introduction of invasive, alien and/or genetically modified species,
restoration

Indirect drivers of change which can in turn influence the direct drivers, include
a.
b.
c.
d.
e.

demographic,
economic,
socio-political,
cultural and
technological processes or interventions.

Differentiation is made between those drivers that can be influenced by a decision-maker
(endogenous driver), and others which may be beyond the control of a particular decisionmaker (exogenous drivers). The temporal, spatial and organisational scales, at which a driver
of change can be addressed, are defined.
The main elements of an Environmental Impact Assessment report are:
▪
▪
▪
▪
▪
INDOMER
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Need and aims of the project
Description of the proposal
Description of affected environment and community
Public consultations and views
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▪
▪
▪
▪

Main impacts and their mitigation
Evaluation of significant residual impacts
Environmental management plan
Limitations, uncertainty and gaps in knowledge

A good report should also include:
▪
▪
▪
▪
▪
▪
▪

Comparative analysis
Environmental monitoring plan and proposed mitigation measures
Schedule for implementation
Surveillance and monitoring of programmes
Impact management strategy
Reporting, audit and review procedure
Any institutional and capacity building requirements

The main elements of an Environmental Impact Assessment report are:
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Summary
Need and aims of the project
Description of the proposal
Description of affected environment and community
Public consultations and views
Main impacts and their mitigation
Evaluation of significant residual impacts
Environmental management plan
Limitations, uncertainty and gaps in knowledge A good report should also
include:
Comparative analysis
Environmental monitoring plan and proposed mitigation measures
Schedule for implementation
Surveillance and monitoring of programmes
Impact management strategy
Reporting, audit and review procedure

7. Various Marine Activities having impact on Corals
(Ports Harbours, Jetties, Marine Terminals, Breakwaters and Dredging on coral reefs)
Impacts on coral reefs: An overview of the types of impacts arising from dredging,
placement of dredged material and port construction on coral reefs is provided below. The
impacts can be divided into two impact categories, Project impacts and Process impacts.

Project impacts include direct loss of corals within the development footprint, and long
term current changes affecting flushing and morphology. The mitigation of project impacts
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is firmly rooted in Planning and Environmental Impact Assessment. Potential project impacts
from dredging and port construction on coral reefs comprise, construction phase impacts,
post-construction phase and operation phase.

Process impacts are associated with the physical construction of the port, which may
include activities such as dredging, breakwater construction and land reclamation. Key
process impacts include turbidity and sedimentation. The mitigation of process impacts is
associated with effective management of the construction process (e.g. choice of equipment,
operating policies).

The following are the types of impact reported from dredging, harbours, jetties, marine
terminals, breakwaters and port construction on coral reefs:
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Process Impacts: During construction phase increased turbidity, leading to reduced light
availability to corals, abrasion of coral tissue, reduced larval survival, reduced coral polyp
activity, and reduced reproductive rates. Increased sedimentation, leading to smothering of
coral polyps, hindered attachment of coral larvae and increased susceptibility to coral
pathogens. Water quality changes, such as reduced levels of dissolved oxygen, release of
nutrients and pollutants from (contaminated) sediments. Although the construction phase of
a dredging operation or port construction project is usually of a temporary and relatively
short-term nature, the sediment plume impacts may be permanent or transient in nature,
depending on the severity of impact.
The severity and spatial extent of sediment plume impacts depend, to a large degree, on
proximity/location of the coral reef relative to the work site in relation to the prevailing
currents, prevailing water depth, current and wave conditions in the area, source strength at
the work site, which is influenced by the work method (e.g. choice of equipment, production
rate), nature of the material forming the sediment plume (primarily grain size composition),
timing (e.g. in relation to coral spawning periods) duration and frequency of the sediment
plume effect at a given location, existing coral stress levels, which may affect the tolerance of
individual corals to elevated turbidity and sedimentation and degree of contamination of the
dredged material.
Depending on these factors, there can be a considerable spatial and temporal variation in
sediment effects. In some cases, the impact may be confined close to the work area, whilst in
others the prevailing currents may transport fine sediments over large distances, with
documented cases of impacts occurring > 70 km from the work site. The primary cause of
increased turbidity associated with dredging and port construction are dredging and
material placement, but operations such as placement of rubble and rock armour, sand
compaction and other marine construction work can also cause re-suspension of sediments,
resulting in increased levels of suspended solids and reduced light penetration to corals.
Although, sediment plume impacts are the most visible process impacts, mechanical damage
and other process impacts to corals may occur as a result of temporary structures and
construction activities, such as anchoring and grounding, floating and submerged pipelines
and ramps, contact of floating equipment with the reef, the presence of temporary jetties
(shading), blankets around jack-up platforms, and the presence of construction vessels.
Effects from activities related to the construction phase may also include noise and vibration
effects (e.g. from blasting, pile driving, etc.), air pollution and land-related effects, but these
are beyond the scope of these guidelines, as they are not likely to cause direct harm to reefbuilding corals. It is impoprtant to apply strict quarantine regulations on the equipment
brought to the construction site to prevent impact on biodiversity through (accidental)
introduction of exotic fouling organisms and invasive species.
Impacts on Corals: The response of a coral reef to the impacts arising from dredging and
port construction activities and the ability of affected reefs to recover depends on a range of
factors, including, ecological state or condition of the reef (degraded or pristine; dominated
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by algae, bio-eroders, or reef-builders; degree of eutrophication; (over-) fishing; history of
previous stress events), resilience of the reef (depending on species diversity; presence, loss
and replacement of keystone species; spatial heterogeneity; presence of refugia; connectivity
to nearby unaffected reefs), typical ambient conditions normally experienced by the reef,
determining its tolerance and degree of adaptation. Recent stressors (existing prior to the
implementation of a dredging operation or port construction project) e.g. infestations of
crown-of-thorns starfish, disease outbreaks, invasive species or bleaching events, can
significantly affect the baseline conditions of a reef and thus its response to impacts.
Recovery from such stressors may take several years or decades. It is, therefore, important
for project developers to have these issues clearly documented and segregated to prevent
being held liable for reef degradation that is in fact due to preexisting conditions from earlier
stressors. Factors related to climate change (such as seawater temperature anomalies,
increased incidence of storms and cyclones and sea level rise) and simultaneous exposure to
other forms of stress, such as extremely high or low salinities or short-term pollution events,
as well as cumulative impacts on related ecosystems (e.g. mangroves, seagrass meadows),
also affect the response of coral reefs to the impacts of dredging and port construction. The
risk and severity of impacts from dredging and port construction-related activities on corals
are directly related to both the intensity and duration of impacts causing stress. There is a
general relationship between the magnitude of an increase in turbidity or sedimentation
above background levels, how long it lasts and the onset of lethal effects on corals. Actual
thresholds will vary by location based on typical ambient conditions and the sensitivity of the
dominant coral species. Frequent short-term exposures or chronic long term exposure will
result in mortality for many coral species. If moderate levels of impacts on a reef persist for
particularly long periods of time, the coral reef may undergo changes in diversity, with more
sensitive coral species gradually being replaced by more tolerant ones. This may result in an
overall reduction in the biodiversity of the reef.
Responses not only include direct mortality of corals, but may also involve sub-lethal effects,
such as, reduced growth, lower calcification rates and reduced productivity, bleaching,
increased susceptibility to diseases, physical damage to coral tissue and reef structures
(breaking, abrasion), reduced regeneration from tissue damage, as well as effects on other
reef-dwelling (non-coral) organisms. Overall, there are large differences in coral species’
response to impacts. To explain these differences is that the sensitivity of corals at least in
part depends on the growth form and orientation of coral colonies. Branching corals, for
example, tend to be more sensitive to turbidity but are quite tolerant to sedimentation, while
plating and tabular corals are generally tolerant to turbid conditions but sensitive to high
sedimentation rates. Other theories to explain the large differences in sensitivity between
different coral species have focused on the ability of some (but not all) coral species to
actively reject sediments (through polyp inflation, mucus production, ciliary and tentacular
action) and on the role of the size of the coral polyp/calice in determining coral sensitivity.
The interaction of several physical factors further complicates these relationships, including
turbulence and exposure to wave action, morphological variability and adaptation within
species, depth distribution and the cumulative effects of extreme temperatures and salinities.
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8. Impact Assessment
An Environmental Impact Assessment is an instrument to identify and assess the potential
environmental impacts of a proposed project, evaluate alternatives and design appropriate
mitigation, management and monitoring measures. The purpose of the EIA is to ensure
that decision makers consider environmental impacts before deciding whether to proceed
with new projects. All stakeholders, including NGOs are given an opportunity to comment on
EIA studies and it is considered best practice to continue this engagement throughout the
EIA process to ensure transparency.
This is especially important when the construction is around coral reefs. One of the most
critical components of the EIA process is obtaining relevant and accurate baseline data upon
which to base the assessment. These data may comprise both new survey data and existing
data, though (especially for quantitative coral survey data) it is important to ensure that
existing data are both accurate and recent enough to be used as a baseline.
It is important to address the temporal scale of the project when designing the baseline
survey programme. A long-term dredging or port construction programme (e.g. one or more
years) would require a baseline survey that captures natural seasonal variations (e.g. 12 - 24
months), while for a short project (e.g. 1 - 3 months) capturing a snapshot of the existing
conditions can be sufficient, although with areas with distinct seasonality, the baseline (even
for short projects) should reflect the expected seasonal conditions for the works.
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9. Environmental Impact Assessment (EIA) activities in relation to corals
These baseline survey data then provide a suitable benchmark upon which to quantify
impacts in the EIA. They also can also be used as part of the baseline data for the monitoring
phase.

INDOMER

L2 - 53

A detailed baseline, capturing seasonal variations, provides security for the developer, in the
event that natural variations are incorrectly perceived by stakeholders/regulators as impacts
from the project. The baseline survey data can also be used for assessment of local tolerance
limits to light attenuation and sedimentation. Commonly utilized monitoring techniques are
listed above table together with notes on their limitations.
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Key inputs and requirements for selection of baseline survey stations and
methodologies

When planning for baseline surveys, exact details of the project are often not yet known and
the dredging or port construction contractor is often not appointed until after the EIA has
been completed. It is therefore important to take a precautionary approach, assuming the
realistic worst-case level of impact and planning survey locations and methodologies
accordingly. Use of preliminary sediment plume modelling may be appropriate to assist in
the choice of survey locations. Once the EIA has been completed, the project is approved
and the final construction methodology is available, the monitoring locations and
methodologies can be finalized as part of the Environmental Management Plan (EMP)
process. It is emphasized that decisions on monitoring locations and methodologies
(including statistical design of the monitoring programme) during the planning stage of the
baseline surveys should take into account the monitoring requirements during the
implementation phase, so that the baseline surveys provide a suitable basis for the EMP. The
frequency of baseline surveys will depend on the pre-existing knowledge, spatial and
temporal variability of the environment, the anticipated impacts and the confidence level
required detecting statistically significant impacts. Longer baseline periods and increased
monitoring frequency is required for sensitive environments and for new areas where little
previous information is available. For well-known environments, shorter baseline periods
with lower monitoring frequencies may be appropriate.
For long-term projects, consideration of broad scale changes such as changes in climate, sea
level, sea surface temperature, etc. should be included in the baseline assessment. For
projects in areas where other external factors such as previous or other ongoing projects,
upstream developments may be affecting corals, the baseline assessment should identify
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these and the impact assessment should take these existing levels of impact into account, in
the form of a cumulative impact assessment.
The assessment of impacts to corals from dredging and port, harbours, jetties, marine
terminals, breakwaters construction has traditionally been qualitative in nature, based on the
experience of the assessor, documented impacts from previous projects and various
assumptions regarding the construction methodology and the response of corals to the
impacts. More recently, the use of numerical models, in association with site-specific
tolerance limits has allowed a more quantitative approach to impact assessment. In some
cases, predictions regarding the percent loss of corals are made and used as management
targets. Broad categories of impact, such as those listed in rable below can also be used.
Impact assessment categories for dredging and port construction impacts on corals

It is currently very difficult to assess the quantity of biodiversity that can be lost before
changing the function of an ecosystem and therefore the services provided by that
ecosystem. Recognizing that despite this uncertainty, management targets and levels of
'acceptable impact' must still be set, it is recommended that a conservative approach be
taken.
10. Mitigation measures to protect corals
Coral reef ecosystems are unique and among the most complex and biologically diverse
ecosystems on earth. The resources, services and functions they provide are important and
beneficial to humans, including coastal protection, diverse job and recreational
opportunities, provision of food and raw materials, as well as social and cultural significance.
They also contain a vast diversity of flora and fauna that often form the basis for valuable
tourism industries. However, coral reefs around the world continue to decline from
exploitation, destructive fishing practices and overfishing, coastal development, pollution,
nuisance or invasive species, disease and other anthropogenic damage. The threat level is
heightened when combined with climate change and widespread coral bleaching.
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When anthropogenic impact to coral reefs cannot be avoided or minimised, for example
during land reclamation, compensatory mitigation through a range of active measures such
as coral relocation and other restoration efforts are often carried out to offset the direct and
indirect loss of these valuable resources. Very often, such compensatory efforts are only
marginally successful, ineffective, poorly implemented and studied, or they may completely
fail to accomplish a project’s objectives. Such failures can be attributed to inadequate
training, knowledge and experience, resulting in costly project delays, further raising
concerns and scepticism about the efficacy of such mitigation measures in the face of global
declining coral reef status. Nevertheless, mitigation efforts remain a necessary and viable
option. When effectively designed, managed and executed by well trained and experienced
personnel, the loss of sensitive coral reef habitats can be minimised.
Recently sufﬁcient information has been developed on of coral reef mitigation and
restoration to allow the framing of general guidelines for the application of various technical
approaches. The evidence is that restoration and mitigation activities are generally not cost
effective and frequently are environmentally incompetent.
Reef degradation and management action: Conceptually, factors that degrade reefs fall
into two major categories: acute and chronic. Acute factors are intense, but of short
duration. Examples are storm wave events, ship groundings and dredging activities. The
acute events occur over a short time interval, but the effects on reefs can be very long lasting
or permanent as in the case ofa dredged reef. Chronic factors include continual damagedue
to sedimentation, eutrophication, over ﬁshing orintroduction of alien species. Reefs fall into a
continuum from pristine to highly degraded reefs.
A number of acute and chronic factors can co-occur in highly degraded reef environments.
For purposes it is useful to deﬁne three categories of management action that are related
tothe degree of reef degradation. These include the options of prevention, mitigation and
restoration as discussed below:
Prevention: This includes the management actions of preservation, protection and
prevention of damage. Management action insures sustainability primarily through four
major activities:
•

Public awareness: Education can lead to action directly impacting the political
process governing management decisions. Effective education can lead to
increased awareness and empowerment of public on issues concerning the
protection of coral reefs.

•

Sound management practices: Setting appropriate rules and restrictions
designed to avoid the causes of the reef damage must be in place.

•

Appropriate enforcement practices: Lack of enforcement negates any positive
effect accomplished in the ﬁrst two activities. Without strict enforcement the
restrictions on human activity cannot be implemented. Lack of enforcement
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mainly leads to loss of public support for conservation measures.
•

Assessment and monitoring: Knowledge of the extent of the resource and
ability to detect change and causes of these changes provides the means of
feedback to managers and "stake-holders" on condition of the reef resources.

Mitigation: This management option by deﬁnition managers must devise a plan to reduce
and offset the damage of an impending negative impact on a coral reef. An example would
be to negotiate an Environmental Impact Assessment plan to reduce the impact of a new
harbor and provide a means of offsetting habitat loss. Actions in this phase must focus on
loss of coral habitat, not on loss of coral colonies. The following management actions should
be undertaken:
Eliminate or reduce habitat loss.
2. Conduct a thorough cost analysis that must include true long-term cost of
negative impact on reef system in the economic analysis generally used to
justify the project.
3. If there will be unavoidable loss of habitat, then make the best of bad
situations by using this as leverage to achieve other positive environmental
actions. Such actions can include the establishing marine reserves,
construction of well-designed artiﬁcial reefs to create new ﬁsh/coral habitat,
or secure ﬁnding for research, education, or other coral reef conservation.
1.

Restoration: This management option by deﬁnition is action taken to correct damage due
to a negative impact on coral reefs (e.g. ship grounding) that was unanticipated or preexisting conditions due to past neglect or lack of effective management. (Restoration
inevitably is a "salvage operation" with "too little, too late" and is very expensive).
Over-arching principles of Mitigation/Restoration: This conceptual framework developed
above provides a useful basis for evaluating the application of conservation, mitigation or
restoration techniques to various situations. A series of principles are now widely
recognized:
•

Insure that the pollution, sewage, sediment runoff, repeated anchor damage has
been eliminated before initiating restoration and mitigation attempts. This is the
most important guideline for reef restoration in damaged areas.

•

Recognize the option of letting nature take its course. In many cases, removal of
the stress will result in dramatic improvement in the reef communities due to
natural process of reef renewal.

•

Emphasize that a restored reef is not a natural reef – it is still an artiﬁcially
modiﬁed community. Large coral heads can be hundreds of years old and will
take hundreds of years to replace. However, effort in this area can be justiﬁed as a
means to enhance ﬁsheries production, tourism, recreation, aesthetics, research,
conservation or other activities.
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Seeding techniques in reef management: Techniques such as coral transplantation have
limited effectiveness. However, existing techniques have been employed with positive results
in some cases. Technical details concerning the “when, where and why” of coral
transplantation, seeding and other restoration activities areas follows:
•

Transplant-seeding techniques can be used effectively as a tool to propagate and
increase numbers of rare species and thereby meet management goals of protecting
rare species and maintaining biodiversity.

•

The techniques are invaluable as research tools to develop information (e. g. toxicity
bioassays) that lead directly to more cost-effective techniques to safeguard and
protect reefs from subtle environmental stresses. These techniques can be used to
produce cultured corals for the aquarium and curio trade and eliminate impacts of
harvesting corals from the wild.

Mitigation: Transplant-seeding techniques have a limited applicability in offsetting damage.
Corals that will be destroyed by dredging or ﬁlling can be transplanted to another suitable
site, used to establish brood stock in culture facilities, used for exhibit in public aquariums,
etc. In cases of ship grounding or anchor damage to reefs the area is modiﬁed by the
drainage but not irreversibly lost as in dredging and ﬁlling.
Restoration: Transplant-seeding techniques can be used to accelerate the re-establishment
of coral reefs in severely damaged environments once the causative destructive factor has
been removed. Otherwise, one is attempting to establish corals in an unfavourable
environment. Cost of reef restoration is extremely high. Effectiveness of transplant/seeding
activity is very low compared to natural recovery processes in situations where the
environmental insult has been removed.
In extreme cases, modiﬁcation of the physical environment may be undertaken in an attempt
to correct degradation. Such actions could include dredging to remove accumulated
sediments and or toxic materials, modiﬁcation of the area to improve ﬂushing and
circulation, modiﬁcation of substrata.
11. Environmental Monitoring and Management Plan
Monitoring is required to confirm that a project is meeting the agreed level of impact and
that the predictions of impacts during the EIA have been accurate. Inclusion of an adaptive
management process allows dredging and port construction near coral reefs to be managed
so that maximum productivity can be maintained while still meeting environmental
protection criteria. To develop an effective environmental monitoring and management
programme, it is necessary to identify the environmental receptors in the potential impact
area (e.g. corals), and the impacting processes that may affect each receptor. This is based on
the EIA. The monitoring programme must be designed to ensure that the monitoring will be
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able to isolate and distinguish impacts of the project from other external (natural or human)
impacts.
The methodology for monitoring and management of a project is laid down in an
Environmental Management Plan (EMP). In terms of dredging and material relocation, where
the benefits of adaptive environmental management are most significant, the contractor’s
implementation plan is referred to in the present guide as a dredging operations plan (DOP).
Draft EMP and DOP documents are prepared at the end of the EIA process. Best practice is
for these draft documents to form part of the tender specifications for the contractor. After
appointment of the contractor, finalization of the contractor’s methodology and
implementation plan for conducting the project (including vessel specifications, schedule,
production rates, etc.), the EMP is updated by the EMP consultant in consultation with the
dredging contractor on behalf of the developer. Best practice methodology requires that
relevant measures developed in the EMP to achieve the environmental protection criteria set
for the project (e.g. environmental windows) are explicitly incorporated into the DOP by the
dredging contractor, to ensure their implementation. (The DOP addresses issues other than
environmental management. For the purpose of the present guide, however, reference to the
DOP covers only its environmental issues).

INDOMER

L2 - 60

Predicted level of impact and suggested level of management

An EMP baseline, covering the principal environmental receptors (e.g. coral reefs) and
existing conditions (e.g. water quality, natural sedimentation rates) is required to provide a
measure of the pre-project conditions at impact and control sites. Monitoring against the
EMP baseline is then used to identify any change as the project progresses, and to provide
post-project confirmation that agreed impact criteria (e.g. for coral reefs) were not exceeded.
In order to address management needs, monitoring should be able to identify and respond
to short-, medium- and long-term effects. While the EMP baseline should incorporate the
EIA baseline survey data, recent (previous 1-3 months) baseline survey data are essential to
capture any external (natural or human) impacts (especially relevant for corals) in the period
subsequent to the EIA baseline surveys. The EMP baseline should incorporate sufficient data
to establish the seasonal and statistical variability in the natural conditions.
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Adaptive Management Strategies: Historically, marine port construction works have been
managed in a static manner based upon single trigger values. Statements like “the
concentration shall not exceed 10 mg/l” have been, and in some areas still are, common
where developers appreciate a need to place environmental limits, but do not have the
required knowledge, or more importantly do not appreciate the benefit of an adaptive
management strategy.
Reactive Management: Monitoring programmes that rely heavily on coral health indicators
tend to be reactive, with the tiered response based on measured impact on the coral reef.
Although adaptive (in the context of providing a tiered response), the reactive nature of the
management leads to potential problems in terms of coral reef management:
Proactive or Feedback Management: Appreciating the limitations of reactive management,
there has been a move since mid 2000's in India towards a fully proactive approach to
environmental management of marine construction in sensitive environments, based on
feedback principles. The primary differences between proactive and reactive managements
are:
•

Spill budget control is used to form a first level control of potential impacts. This
provides a means to segregate and thus manage individual components of the work
thereby avoiding over response, whilst ensuring that the tiered response targets
those activities causing the most impact.

•

Results from online instrumentation (at coral reef receptors) are used as indirect
indicators of potential coral health impacts based upon tolerance limits, which are
updated as coral health monitoring data are collected as the works progress (the socalled feedback loop).

•

Predictive (numerical) models are used extensively to hindcast the location of the
plumes from the construction operations, thereby providing a complete temporal
and spatial picture of potential impacts, filling in the gaps between monitoring
stations (both instrumentation and coral health) and allowing clear segregation of
the impacts arising from component activities. Once again, impacts are based upon
tolerance limits, which are updated as coral health monitoring data are collected as
the works progress.

Management Responsibilities: An effective EMP requires a clear allocation of management
responsibilities. In particular, there should be transparency in the EMP via appointment of an
independent consultant responsible for the execution of the EMP. The EMP consultant’s
responsibilities relate to the monitoring and management of the environment and reporting
the contractor’s compliance with the environmental components of the DOP.
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MARINE MICROBES
Dr. D. Chandramohan
Former Deputy Director, National Institute of Oceanography (NIO), Goa
1. Marine Microbes and their Ecological Importance
Microorganisms are defined by their size. Any organism that is too small to be observed in
sufficient detail by the unaided human eye is a microorganism. This includes basically any
organism smaller than 0.1 mm. In general, the distinction between terrestrial microorganisms
and aquatic microorganisms is rather clear, even though this is attributed in part to the
traditional and historical differences in the scientific approaches between aquatic and soil
microbiology. The distinction between freshwater and marine microbiology is less clear as it
is based on the assumption that salinity is a factor discriminating aquatic microbial life, i.e.
microorganisms growing in freshwater do not occur in the ocean and vice-versa. In fact this
is not the case. Certain microorganisms occur in a wide range of aquatic environments with
different levels of salinity. For the purpose of this position paper, we will consider any
microorganism that grows in a marine environment as a marine microorganism. This includes
low-salinity environments adjacent to the sea such as estuaries and brackish-water
environments (e.g. Baltic Sea) which are traditionally considered "marine" and hypersaline
environments such as deep sea brines and solar salterns receiving seawater.
Marine microbiology encompasses the study of microbes that live in not only on the surficial
marine waters but also the abyssal depths from the coastal to the offshore regions, from the
general oceanic to the specialized niches like the blue waters of the tropical coral reef
ecosystems to the black smokers of the hot thermal vents. Microbes have a large surface to
volume ratio and this has an advantage for their mode of life. Like the terrestrial and
freshwater counterparts these organisms cover all the nutritional mode from chemoorganic,
the chemolithic, to photo organic and photolitho-trophy. The range of microorganisms
inhabiting the marine world is a spectrum covering the strictly aerobic to strictly anaerobic
niches. Likewise, we have organisms thriving at extremes of pressure i.e. 1 atm in the surface
to several hundreds of atm in deep trenches. There are activities in both realms albeit in the
latter it is several orders lower. The gamut of temperature optima also varies. There are those
that survive near 0°C to those multiply above 100°C. Though the marine microbes can thrive
in a broad range of Eh, light, temperature, many microbes have an absolute requirement for
sodium, potassium and magnesium ions. Some also require chloride ions and ferric ions and
grow very well above pH 7.0 or near pH 8.0. These are in general happy around 35 % and pH
8.0 which is the average and conservative value for salinity and hydrogen ion concentration
in sea water and the distribution of marine microbes revolves around these very
characteristic parameters.
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There are about eight basic kinds of habitats for marine microorganisms:
i. Neustonic (air-sea interaction)
ii. Planktonic (bacterioplankton-0.2 to 2.0 um or picoplankton)
iii. Nekton (large living animals)
iv. Seston (animal produces organic debris),
v. Epibiotic,
vi. Endobiotic,
vii. Pelagic (water borne habitats) and
viii. Benthos (sea-sediment interface).
Within these habitats, all the complex interactions of marine microorganisms ensue.
1.1. International Census of Marine Microbes (ICOMM)
From the time of their origins, single cell organisms- initially anaerobic and later aerobic –
have served as essential catalysts for all of the chemical reactions within the biogeochemical
cycles that shape planetary change and habitability. Marine microbes carry out half of the
primary production on the planet. Microbial carbon re-mineralization, with or without
oxygen, maintains the carbon cycle. Microbes account for >90% of the respiration in the
oceans. They control global utilization of nitrogen throughN2 fixation, nitrification, nitrate
reduction and denitrification and drive the bulk of sulfur, iron and manganese
biogeochemical cycles. Marine microbes regulate the composition of the atmosphere,
influence climate, recycle nutrients and decompose pollutants. Without microbes,
multicellular animals on earth would not have evolves or persisted over the past 500 million
years.
As of now cultivation-based studies have described > 10,000 bacterial an archeal species and
an estimated 200,000 protistan species. Cultivation independent studies that rely on
molecular methods such as the sequencing of 16S ribosomal RNA (rRNA) genes show
microbial diversity to be approximately 100 times greater.
The importance of marine microbes to our biosphere can not be overstated. Since the
microbial census began, several major scientific breakthroughs in microbial diversity and
microbial ecology have occurred. Owing to the rapid developments in high-throughput and
relatively cost-effective sequencing technologies like massively parallel DNA sequencing, it
has become possible to deeply explore microbial explore microbial genetic diversity of
environmental samples in both qualitative and quantitative ways. Over the past five to ten
years, spectacular findings have highlighted new and unexpected roles of microbes in
biogeochemical cycling of carbon, nitrogen, sulfur, iron and many other (trace) elements.
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1.2. Marine Microbial Diversity and Abundance highlights
1. The number of bacteria in the open ocean exceeds 1029 cells and microbes in total
contribute as much as 90% of the biomass in the ocean.
2. Microbes may be more than 100 times more diverse than plants and animals.
3. A single liter of seawater can represent approximately 20,000 "species" of bacteria.
4. A gram of sand can contain between 5000 and 19000 species of bacteria.
5. Archaeal cell numbers can rival those of bacteria in the ocean but their diversity is 10%
that of bacteria.
6. Protist diversity rivals that of Archaea in some parts of the ocean.
7. Most of the marine microbial diversity is represented by low abundance of populations.
8. Each metazoan may have its own unique microbiome population structure.
9. Different water masses possess signature microbial community structures.
1.3. Marine and Coastal Biodiversity
India has got a long coastline of 7,516 km of which the mainland accounts for 5422 km,
Lakshadweep islands for 132 km (Arabian Sea) and Andaman and Nicobar Islands for 1962
km (Bay of Bengal). The Indian mainland has two coasts i.e. East coast and West coast with
markedly different geomorphological features. The west coast has got predominantly rocky
shores and headlands while the east coast generally have shelving beaches, lagoons, deltas
and marshes. More than half of the Indian coastline is sandy. The coastal area assumes
greater importance in recent years because of urbanization programmes and industrial and
infrastructural developments. The coastal waters receive lot of pollutants and suspended
sediments from major rivers and obviously this brings lot of pressure on the biodiversity
pattern of our coasts. It is well known that coastal zones have high potential as feeding,
nursery and spawning ground for a variety of economically important species. We must
remember that this coast act as an intermediary biotope between marine and freshwater
environments. Nearly an estimated population of 250 million people live within a distance of
50 km from the coastline. The current methods of management of our coastal areas do not
match our requirement for sustainable development which results in loss of resources on our
coastal areas.
The coastal zone of India is endowed with a wide range of coastal ecosystems such as
estuaries, lagoons, mangroves, seaweeds, sea grasses, corals, backwaters, salt marshes, rocky
coasts, and sandy stretches (Venkataraman, 2003). The following Table gives areas under
major ecosystem/habitat categories of the coast of India (Space Application Center, 1992):
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Categories

Areas in Sq. km

Mudflat

2961

Beach/Spit

1465

Shoal/Bar

93

Mangroves

3979

Coral Reef

1270

Marsh vegetation
Mudflat with vegetation
Beach Vegetation

370
6125
290

Lagoons/Backwaters

2132

Flood prone area

3437

Reclaimed area

1212

Paleo beach ridges

434

Paleo mudflats

6821

Strand Plain

1378

Salt affected area

697

Saltpans

1617

Coastal Dunes

2509

The human invasion to coastal areas not only affected the coastal biological resources but
also modified the basic coastal processes essentially the integrity of the coastline
(erosion/accretion). Among the coastal wetlands, the estuaries, mangroves, coral reefs and
coastal lagoons are biodiversity rich areas, whereas other brackish habitats have only a few
specialized species. It is generally commented that there are fewer species in the estuaries
than the adjacent seas, but the upper reaches of the river do not harbour as many species as
seen in the estuary. Generally, as the distance increases from the sea, the number of species
decreases indicating the role of salinity as an important regulating factor.
As the existence of the microbial life was recognized only relatively recently in history, about
300 years ago, the knowledge we have gained is still rudimentary. Microorganisms still
represent the largest reservoir of undescribed biodiversity. The recent techniques such as
Ribosomal RNA genes -sequencing have helped us survey the biodiversity sufficiently faster
and comprehensively. Even though, an impressive number of bacteria (ca. 30,000 species) are
represented in "Gen Bank" our view of the microbial world is far from complete. A complete
cataloging of Earth's microbial biota is needless and of course, impossible. Still, we can only –
and should- under take representative survey that would give us clues to understand the
unseen. We should also know that only about 13,000 bacteria represented in "Gen Bank"
have been formally described and almost all of them (~ 90%) lie within 4 of the 40 bacterial
divisions. A recent estimate suggests that the sea may support 2 million different bacteria,
but we know that our ability to culture and study them under laboratory conditions is very
far from satisfactory. The term "the great plate count anomaly" is used to describe the
difference in orders of magnitude between the numbers of cells that form colony forming
units (CFU) on nutrient media and that countable by microscopic examination. Marine
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ecosystem is a typical example of this phenomenon: only 0.01 to 0.1% of marine bacteria are
culturable. There are different explanations for this – the growth state of cells in nature,
dormancy, exceptionally high concentration of nutrients and complex organic carbon in
laboratory media. Amann et al. (1995) gave a compilation of data on the culturability
determined as a percentage of culturable bacteria in comparison with total cell counts:
Habitat
Seawater

Culturability (%)
0.001-0.1

Freshwater

0.25

Mesotrophic

0.1-1

Lake

0.1-3

Unpolluted

1-15

Estuarine water

0.25

Activated sludge, Sediments, Soil

0.3

One of the biggest challenges for marine microbiologists today is how to increase the
percentage of culturability or in other words how to culture these unculturables. Recently,
high-throughput culture (HTC) methods were developed, which allowed large number of
microbial isolates to be recovered by dilution to extinction in natural sea-water media.
Button and colleagues pioneered an approach that has been successful in isolating
oligotrophic, heterotrophic cells from marine ecosystems. This method uses un-amended
environmental water as the medium and is often referred to as "extinction culturing" to
distinguish it from dilution culturing, which also uses natural water, but involves complex
microbial communities. Their approach was to dilute natural communities of microorganisms
to a known number, ranging from 1 to 10 cells per tube and then examine these potential
cultures for microbial growth by flow cytometry. By this method bacterial culturability varied
from 2 to 60% in marine waters around Alaska and the Netherlands. Even though new
species have been isolated, the method is laborious. If culturing methods are going to be
difficult, then what are the other ways of understanding them? Application of molecular
phylogenetic methods to study natural microbial ecosystems without the traditional
requirement for cultivation has resulted in the discovery of many unexpected evolutionary
lineages. Over the last three decades, researchers have compiled an increasingly robust map
of evolutionary diversification showing that main diversity of life is microbial, distributed
among three primary-relatedness groups or domains: Archaea, Bacteria and Eucarya.
However, understanding the connection between the structure of the bacterial communities
and their ecological function, would still be a difficult task without pure cultures to study
them under controlled conditions in the laboratory.
1.4. Eubacteria
Throughout the photosynthetic zone the abundance of bacteria appears to be more closely
related to the distribution of phytoplankton than to any other single ecological factor. The
beneficial effect of plankton is attributed partly to the organic matter which they provide and
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partly to solid surfaces. Most of the bacteria are seen attached to suspended solids such as
the bodies or remains of planktonic organisms. The bacterial biomass is high in coastal
waters (100-500 mg/m3) compared to off-shore waters (50-200 mg/m3). In the open ocean
the abundance of bacteria generally increases with depth from surface down to a depth of
25-50m below which they decrease in numbers.
The rapid variations in physical and chemical properties in estuaries lead to the
establishment of unique microbial communities. The biomass of epiphytic (on estuarine
plants) microbial communities is extremely large and may sometimes exceed the weight of
typical estuarine plants such as sea grasses. This epiphytic microbial community consists of
algae, diatoms and bacteria. Because of high nutrient levels of the biomass is also high.
Because of the severe environmental fluctuations in temperature and salinity the microbial
species diversity is not great as expected under those circumstances. It is however greater
than the species diversity in plants and animals in the estuary since bacteria are capable of
existing and growing over wider ranges of environmental conditions. As an example of this,
consider the range in pH and Eh in an estuary, it is very algae for both parameters, but many
of the conditions are capable of supporting different groups of bacteria. Recent studies have
shown that bacteria constitute up to 50% of marine pelagic biomass and in some cases even
up to 90% of benthic biomass. The total bacterial organic biomass in near shore areas can
range from 1 to 180g m3/year. Since microbes form a large part of the biomass in coastal
waters and offshore waters, they are of greater importance in the trophic levels than to be
merely assigned to the role of decomposers. Because of the ability of bacteria to colonize
particles, various organisms such as cladocerans, sponges, ascidians, copepods, euphausids
and molluscs are capable of utilizing bacteria as food. Researchers, using 14C- labeled
bacteria, have shown that bacteria may contribute even to the extent of 40% of food for
fishes and prawns.
1.5. Archaeae
As the name indicates these are ancient group of microbes that have evolved little as
compared to the bacteria of other group viz. the Eubacteria. In keeping with the early history
these groups have found niches which are extreme in some way or other. Thus, they could
be inhabiting the hot thermal vents or hyper-saline salt marshes. These groups of microbes
are smaller their eubacterial counterparts but are diverse. In short, they are class of unusual
bacteria that phylogenetically are neither prokaryotes nor eukaryotes. They have some
characteristics of prokaryotes such as absence of well defined nucleus and cell organelles
and some characteristics that are unique to them such as composition of cell wall and type
of membrane lipids. Accordingly, the archae bacteria are believed to represent third primary
kingdom such that 3 lines if descent lead from a common ancestor to archaebacteria are
anaerobes. The rRNA of these groups are as different from each other as they are from
Eukaryotes. The group Archaeae thus includes basically the extreme halophiles (requiring 8
to 23% NaCl for their normal growth), thermophiles (the growth occurs between 80 and
100oC)/ thermoacidophiles and methanogens.

INDOMER

L3 - 6

Methanogens are strict anaerobes and are found to occur where O2, NO3, SO4 are limiting. In
pure cultures methanogens are sensitive to O2 but in nature the activity of other organisms
protects them from the toxic effect of O2. In environment rich in SO4 the end product is H2S
and from carbon the end product is CO2. If SO4 is limiting CH4 replaces H2S. The ratio CH4:H2S
i.e. acetoclastic vs. sulphidogenic degradation indicates whether methanogenesis
predominates. Sulphidogenesis predominates in estuarine, marine and hyper-saline
environment. Beneath the regions of high productivity, methanogenesis dominate. Even in
surface layers where sulphate is in excess some methanogenesis may occur from methylated
compounds such as trimethylamine and dimethylsul sulphide. Trimethylamine is often found
in marine sediments where it is formed from betaine glycine. This compound is an
osmotolerant compound produced by marine plants and bacteria for osmotic balance
between cytoplasm and seawater. Methanogens convert it to CH4, CO2 and NH3.
1.6. Fungi
The role of fungi in terrestrial and freshwater ecosystems is well known when compared with
the information available on the marine environment. Although fungi occur commonly in the
sea as parasites of living organisms and on dead organic matter, their importance in the
processes in the sea has still not been sufficiently evaluated. There is no proven instance of
mycelial fungi growing planktonically in the sea. However, the unicellular fungi, yeasts are
common in the water column although much lower in number than bacteria. Information on
the number and role of yeasts in the sea is meager and this area needs more detailed
investigations.
The marine, monocentric, biflagellate fungi- the thraustochytrid are extremely common in
the sea and can be isolated from a wide variety of substrates. However, the role that these
organisms play in the heterotrophic marine processes is poorly understood and has bee
much less investigated than that of bacteria and even filamentous fungi.
A great amount of work has been carried out on fungi in wood submerged in the sea, dead
tissues of sea grasses, mangrove leaves and mangrove seedlings. There are several studies
which give evidence on the role of fungi in carbon and nitrogen immobilization in coastal
marine plant litter systems. the role of fungi in the sea might be greater than hitherto
recognized, since niches suitable for growth of different groups of fungi are plentiful.
Numerous situations in the sea have not been adequately analysed for the fungi.
1.7. Viruses
The concentrations of virus like particles in seawater are typically in excess of 107/ml. as
estimated by both electron microscopy and fluorescence microscopy. This approximately an
order of magnitude more than the number of microbial cells/ml. The indigenous marine
viruses are known to infect a number of important groups of marine organisms including
bacteria, cyanobacteria, microalgae and protozoan grazers. Marine viruses are both

INDOMER

L3 - 7

morphologically and genetically diverse. Like most of the viruses that also have DNA or RNA
with a protein coat. The TEM studies revealed broad range of size, shapes and features. Their
size varies from 26nm to 129 nm, Non-tailed viruses account for 50-90% of morphotypes.
About 20% of marine heterotrophic bacteria are infected by viruses and 10-20% of the
bacterial community is lysed daily by viruses. One study tells that ~1023 microorganisms are
infected every second in oceans. Some of the experiments conducted suggest that 2-3% of
primary productivity is lost to viral infection. Even though phages are abundant in sea water
contacts with the host cells are important for infectivity. It has been demonstrated that 1% of
the contacts would result in infection, indication most of the cells are probably resistant to
the most abundant phages.
Viruses which infect cyanobacteria occur at even higher concentrations and 106 infectious
units per ml can be found in coastal waters infecting especially a single strain of
Synechococcus. Viruses in waters generally get absorbed to solids which protect them from
nactivation by biological, chemical and physical factors. Marine sediments, for example, can
adsorb more than 99% of poliovirus suspension (containing 108 plaque forming units per ml)
and may contain 10 – 10,000 times the concentration of viruses in the overlying water. This
sediment bound viruses can also be taken by shellfish, thus allowing their bioaccumulation in
marine life near sewage outfalls. Furthermore, sediment-associated viruses are known to
maintain their infectivity for along time. Due to considerable variability in enumerating
enteric viruses, results generally expressed on presence/absence basis.
In one of the recent articles appeared in Nature Reviews (2017) it has been mentioned that a
meta analysis showed the presence of ~60 virus families in corals around the world.
2. Method of collection and Identification: Monitoring of Microbiological parameters
in marine environments (water & sediments) (COMAPS)
2.1. Introduction
The marine environment is the largest contiguous habitat on earth. Many distinct marine
ecosystems and their microbial assemblages have been identified and studied ranging form
ice–swept polar seas to deep-sea thermal vents. Although water covers the majority of earth
surface, there is still an increasing demand of pure water. The coastal marine environment
around India's 7500 km coastline supports a variety of marine ecosystems including the
fragile mangroves and coral reefs. The generic and species diversity existing in some of the
marine ecosystems of the Gulf of Mannar (Bay of Bengal) are unique and extremely valuable.
Demographic pressure in the urban cities and towns as well as an increase in the rural
population and rapid industrialization have resulted in the generation of enormous amounts
of waste materials (both organic and inorganic). These waste materials ultimately reach the
marine environment either directly or indirectly through rivers, creeks, bays, etc., posing
great threat to the ecosystems and bio-resources. Therefore, water quality assessment has
become mandatory.
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Microorganisms present in the polluted areas are used as health indicators to identify the
polluted sites and also for evaluating the impact of pollution. Following are the name of
health indicator bacteria:
1. Escherichia coli
2. Citrobacter freundii
3. Klebsiella pneumonia
4. Salmonella serotype typhimurium
5. Pseudomonas aeruginosa
6. Staphylococcus aureus
7. Vibrio cholerae
8. Streptococcus faecalis
Enumeration of the health indicating bacterial population will be useful in the activities
related to prevention and control of pollution.
Sediment is collected using a Grab (van Veen grab for shallow depths and Peterson for
deeper areas). Most grabs penetrate to depth of 10 cm or more (less on hard-packed sand)
and collect the sample, which is semicircular in cross section. The upper 5-10 cm of the
sediment which is considered to be microbiologically most active is of interest for analyses of
microbial pathogens.
2

NOTE: Sediment samples are collected using van Veen grab (0.1m area) from shallow depths.
In this grab the long arms attached to grab bucket exert a considerable leverage for closing
the jaws.
2.2. Water
Materials required:
•

Niskin Sampler or bucket

•

Sterile bottles (plastic/glass)

•

Labels

•

Marker

•

Ice box

•

Plastic bags

•

Rubber bands

Collection
Water samples are collected using either a clean bucket (surface water) or Niskin sampler
(subsurface and deep water). Water from the Niskin sampler or bucket is transferred into a
sterile glass or plastic bottle, immediately following collection.
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The bottle is labeled with following details:
•

Station No

•

Date

•

Time

•

Depth (m)

In case the sampling area is turbid filter the water sample through 200µm bolting silk /
Whatman No. 1 filter paper)
2.3. Sediment
Materials required:
•

Van Veen grab

•

Plastic bags/Petri plates

•

Spatula

•

Absorbent Cotton

•

Alcohol

•

Labels

•

Rubber bands

•

Marker

•

Ice Box

Collection
Sediment sample is collected using a van Veen grab (from shallow depths up to 100 m).
Central portion of the sediment up to a depth of 10 cm is removed with a sterile spatula and
transferred into a plastic bag or sterile Petri plate; label the samples as mentioned above.
Transportation
The samples are brought to the laboratory under ice-cold condition as quickly as possible for
further processing.

INDOMER

L3 - 10

Flow Chart
SAMPLING

Water

Sediment
Remove the central portion with
sterile spatula and collect in
sterile Petri plates / plastic bags

Collect in sterile bottles

Label and store in ice box

Analysis in laboratory
2.4. Enumeration of Marine Bacteria
Counting bacteria in natural environment has been a long standing endeavour for aquatic
microbial ecologist. Estimation of culturable bacteria has evolved in several stages: (1)
Enumeration of culturable bacteria based on ability of single bacterium to form colonies on
marine agar plates.
For enumeration and isolation of all health indicator bacteria, culture method is adopted
under COMAPS programme.
3. Total Viable Counts (TVC) (retrievable count (RC)/ colony forming unit (CFU)
3.1. Plate method (Culture method)
The bacteria are allowed to grow on seawater nutrient agar medium for a fixed period of
time and at room temperature. Each single cell grows into a colony and the numbers of
colonies are counted.
Water
Material required:
•

Petri plates (Himedia)

•

Nutrient agar (Himedia Cat no-M 001)

•

Glass spreaders

•

Erlenmeyer flask (250 ml)

•

Test tubes (20 ml)

•

Incubator
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Procedure

Preparation of Nutrient agar:
Suspend 28 grams in 1000ml of half strength sea water. Adjust the pH to 7.5±0.2 of the
medium. Heat to boiling to dissolve the medium completely. Sterilize by autoclaving at 15
lbs pressure (121° C). Transfer 15-20 ml/plate under sterile condition.

Note: Test the salinity and decide the strength of the sea water depending on the location of
sampling. Salinity of the sample is measured with a salinometer (you may use a
refractometer also).
Preparation of serial Dilution-water

Water
sample

10-2 dilution

1ml

10-4dilution

1ml
99ml
blank

1ml

1ml of
sample

1ml

0.1ml
10-1ml of
sample

INDOMER

99ml
blank

10-2 ml

1ml

0.1ml
10-3 ml of
sample

10-4 ml

0.1ml
10-5 ml of
sample
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WATER SAMPLE

Pipette 0.1 ml onto Nutrient agar
plate (in duplicate)

Using sterile glass spreaders spread the
sample uniformly until the plate is dry. The
plates are sealed using Para film

Incubate at RT for 24 to 48 hrs.

The numbers of colonies are counted
No. of colonies
Total Viable count / ml = --------------------------0.1 ml
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Preparation of serial Dilution-sediment

Sediment

10-2 dilution

1g

10-4dilution

1ml
99ml
blank

99ml
blank

1ml

10-2 ml

1ml

0.1ml

10-3 ml of
sample

INDOMER
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0.1ml

10-5 ml of
sample
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Procedure
Suspend – ten gram sediment sample in 90 ml of sterile 50 % sea water

Vortex the suspension for two minutes

Allow the sediment to sterile

1 ml
sample
1 ml
sample

1 ml

9 ml sterile
50 % sea water
(dilution here is 10-2)

1 ml

9 ml sterile
50 % sea water
(dilution here is 10-3)

Further dilution done if
necessary

Pipette 0.1 ml onto Nutrient agar plate
(In duplicate)

Using sterile glass spreaders spread the sample uniformly until the plate is dry.
The plates are sealed using Para film
Incubator at RT for 24 to 48 hrs.

The numbers of colonies are counted

No. of colonies
Total Viable count / g dry wt = --------------------------Dilution factor

Note : The water in which sediment is suspended is filtered using a pre – weighted filter paper and
it is dried and weighed.
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3.2. Membrane filter method
Materials Required:
•

Filtration Unit

•

Millipore filter paper (0.22 µm)

WATER SAMPLE

Filter through sterile 0.22 µm Millipore
filter

Place the filter paper on specific medium
filtered surface up

The plates along with filter paper are
incubated and colonies counted

Calculate the population as above number / ml)
3.3. Enumeration of Health Indicator Bacteria
Health indicator bacteria are enumerated on selective media. Himedia have different types of
selective media as shown below
1. HiCrome E.coli Agar(M 1295)
2. HiCrome Salmonella Agar(M1296)
3. M-Entrococcus Agar
Advantages of HiCrome media
1. Abundance of colonies with desired characteristics representing is more compared to
other selective media.
2. Easy identification based on colour of the colony.
3. Single medium can be used to differentiate various groups of bacteria
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3.4. Isolation and Purification of Bacterial Strains
Isolation of bacteria in pure culture is the first and the important step. For that, one should
clearly observe the plates and try to distinguish colonies based on their morphological
parameters like colour (on special media), shape, size, opacity, pigmentation, etc. A random
selection mechanism is also followed when the colonies appear to be similar and too
numerous to count (TNTC). Often, plates with 30 to 300 colonies are ideal for counting and
for choosing colonies for purification. Once selection is made, then the purity of the isolate
is tested by using quadrent streaking method outlined in figures A to D. Purification is to
obtain the desired bacteria from the plate using a loop and streaking on to solid medium to
get contaminant free pure culture. A pure culture should yield colonies that appear similar to
one another and microscopic observation of the culture should reveal cells that are
reasonably similar to each other in appearance, particularly in regard to cell diameter and
Gram reaction
Material required:
•

Nutrient agar plates

•

Inoculation needle (loop)

•

Light Microscope.

Procedure
1.
2.
3.

The desired colonies are marked.
Using a sterile loop the individual colonies are picked out and transferred on to
nutrient agar plate.
The isolated culture is streaked on the agar plate as shown. Streak a loopful of culture
slightly back and forth on the surface of the agar over section 1 as shown in diagram B.

1

A
2

3

B
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4.

Flame the needle and allow it to cool. Draw the loop over section and then streak
back and forth as mentioned earlier

C

5.

Repeat the same.

D

6.

Incubate the dish in an inverted position to prevent drops of condensed water on
lid from falling onto the agar surface. Section 1 will develop the thickest amount of
growth, while the following sections will usually have well isolated colonies.

E

3.5. Preparation of Culture for Sending
After the identification of the respective culture streak it on a nutrient agar slants.
Preparation of agar slants
1. Transfer about 1ml of nutrient agar into the storage vial (Laxbro cat no: SV- 2R) for stab
or screw cap tubes 5ml for slant, autoclave and keep it in tilted position at an angle of
45° for slants.
2.
3.
4.
5.

Leave it for two days to check any contamination.
Pick a single pure colony from nutrient agar plate and transfer it into these vials/slants.
Streak it on the slant or stab inoculate.
Incubate it for one day.

3.6. Colour chart for identification of hicrome media recommended
Bacteria

E.coli
Streptococcus faecalis
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M1296

Blue

Pink red

M-Enterococcus agar

Red colour
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3.7. Various marine activities having impact on microbes
In recent years, there has been an increasing recognition of the importance of microbes,
coupled with the discovery of a vast microbial diversity. The key role that microbes play in
regulating Earth's climate has also emerged as a result of research in this area. However, it is
also likely that very rapid (geologically speaking) and ongoing human-induced climate
change will, and probably already has, altered the microbial diversity itself. As a result of
increasing sea water temperatures, acidification of the ocean and salinity changes, to name
just a few environmental parameters of importance, dominant Bacteria, Archaea and viruses
may become dormant and completely unknown species may become dominant. Since we
cannot currently predict these changes, it has proven very difficult to predict the microbial
influence on biogeochemical cycles and hence factor this influence into predictions of
climate change itself.
4. Way of presentation in EIA report
The objective of EIA is to foresee the potential environmental problems that would arise out of
a proposed development and address them in the project's planning and design stage. The EIA
process should then allow for the communication of this information to:(a) the project
proponent; (b) the regulatory agencies; and, (c) all stakeholders and interest groups.
EIA integrates the environmental concerns in the developmental activities right at the time of
initiating for preparing the feasibility report. In doing so it can enable the integration of
environmental concerns and mitigation measures in project development. EIA can often
prevent future liabilities or expensive alterations in project design.
Ecological impacts
This subsection provides guidance for review of assessment of ecological impacts due to the
project activities, viz. construction and operation. The assessment of impacts on ecosystem is
normally based on subjective judgments. It is a good practice to base the subjective
judgments on the available knowledge on (i) Plant and animal life and their habitat
requirements and migratory routes; (ii) Biotic community’s ability to withstand or respond
to disturbance and (iii) Impending changes, impacts and results from similar projects and
classification of impacts based on their intensity, time scale and spatial extent.
A few bad practices normally found in EIA reports and need to be discouraged by the
reviewer are: (i) Evasion of possible impacts and lack of their assessment (ii) Omission of
pertinent information necessary for unbiased evaluation of impacts (iii) Inadequate
description of adverse impacts and (iv) a plethora of biotic data or information without
interpretation or correlation with possible impacts.
Ship operations, dredging, pile driving, breakwater construction, underwater blasting,
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pipeline trenching, disposal of wastes from labour camps, brine discharge from desalination
plants, oil spills, hazardous cargo spills are some of the activities that have an impact on the
aquatic biology.
Government of India (Ministry of Environment & Forests) while calling for bids for the
preparation of "National Plan of Action for preventing pollution of coastal waters from land
based activities" in 2005 indicated the areas of concern (what areas are affected or
vulnerable): (not listed in order of priority)
(i) Critical habitats, including coral reefs, wetlands, seagrass beds, coastal lagoons and
mangrove forests;
(ii) Habitats of endangered species;
(iii) Ecosystem components, including spawning areas, nursery areas, feeding
grounds and adult areas;
(iv) Shorelines;
(v) Coastal watersheds;
(vi) Estuaries and their drainage basins;
(vii) Specially protected marine and coastal areas; and
(viii) Small islands.
Contaminants: (not listed in order of priority)
(i) Sewage;
(ii) Persistent organic pollutants;
(iii) Radioactive substances;
(iv) Heavy metals;
(v) Oils (hydrocarbons);
(vi) Nutrients;
(vii) Sediment mobilization;
(viii) Litter;
Physical alteration, including habitat modification and destruction in areas of concern;
(A) Sources of degradation:
(i) Point sources (coastal and upstream), such as: (not listed in order of priority)
a. Waste-water treatment facilities;
b. Industrial facilities;
c. Power plants;
d. Military installations;
e. Recreational/tourism facilities;
f. Construction works (e.g., dams, coastal structures, harbour works and urban
expansion);
g. Coastal mining (e.g., sand and gravel);
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h. Research centres;
i. Aquaculture;
j. Habitat modification (e.g., dredging, filling of wetlands or clearing of
mangrove areas);
k. Introduction of invasive species;
(ii) Non-point (diffuse) sources (coastal and upstream), such as: (not listed in order of priority)
a. Urban run-off;
b. Agricultural and horticultural run-off;
c. Forestry run-off;
d. Mining waste run-off;
e. Construction run-off;
f. Landfills and hazardous waste sites;
g. Erosion as a result of physical modification of coastal features;
(iii) Atmospheric deposition caused by:
a. Transportation (e.g., vehicle emissions);
b. Power plants and industrial facilities;
c. Incinerators;
d. Agricultural operations;
5. Impact Assessment
Some of the main anthropogenic activities affecting marine ecosystems and their associated
pollution risks are shown in Table 1. These pollutants affect both the water column and the
sediments, where they concentrate and return to the water after sediment resuspension and
by benthic–water flux coupling. There is also a bidirectional exchange with the atmosphere
involving the release of compounds to the air and their deposition.
Table 1. Summary of the risks posed by anthropogenic activities to marine environments

Human activity

Pollutants

Associated impact and risks

Agriculture and
livestock farming

Fertilizers, pesticides,
antibiotics, manure

Nutrient enrichment, eutrophication,
hypoxia/anoxia, development of harmful
algal blooms, toxicity, bioaccumulation,
pathogens, spread of antibiotic
resistances

Urban
development

Domestic waste,
sewage sludge

Organic enrichment, eutrophication,
pathogens (bacterial and viral),
hypoxia/anoxia, development of harmful
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Human activity

Pollutants

Associated impact and risks
algal blooms, toxicity by chemicals and
heavy metals, loss of amenity and
recreational value, litter (solid wastes)

Industry

Industrial waste,
organic pollutants
(xenobiotics), heavy
metals, radionuclides

Toxicity, bioaccumulation, increased
atmospheric deposition

Maritime transport
and shipping

Hydrocarbons,
xenobiotics
(antifouling agents
and heavy metals),
ballast water, litter

Toxicity, bioaccumulation, introduction of
exotic species, pathogens

Oil extraction and
refining

Hydrocarbons

Toxicity, bioaccumulation

Fossil fuel
combustion

Hydrocarbons, heavy
metals, heat, CO2

Toxicity, increased atmospheric
deposition, warming

Tourism (including
recreational
nautical activities)

Litter (plastic,
cigarette buds),
faecal waste,
nutrients,
hydrocarbons,
xenobiotics

Death of animal wildlife, accumulation in
sediments, hypoxia/anoxia, loss of
amenity and recreational value, nutrient
enrichment, development of algal
blooms, pathogens

Sediment load and
dredging

Particles, nutrients,
organic pollutants,
heavy metals

Turbidity, decrease in light penetration,
nutrient enrichment, toxicity,
bioaccumulation

Aquaculture

Organic load, faecal
waste, antibiotics

High organic load, hypoxia/anoxia in
sediments, pathogens, introduction of
exotic species, spread of antibiotic
resistances, interbreeding of escaped fish

Fishing

Discharged fishes,

Habitat destruction, decrease of fish
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Human activity

Land claiming and
deforestation

Pollutants

Associated impact and risks

pathogens,
hydrocarbons,
xenobiotics

stocks pathogens, toxicity,
bioaccumulation

-

Erosion, increased terrestrial runoff

The effect of perturbations on marine microbial communities is complex, as presented in the
conceptual scheme shown in Fig. 1. Most often, multiple stressors (natural and
anthropogenic) coexist in a single area, and therefore there is a combination of pollution
risks (i.e. eutrophication, hypoxia, chemical pollution, etc.). These stressors have interacting
effects that can be additive, synergistic or antagonistic. This provides an idea of the
complexity of possible ecosystem responses to perturbations. On the other hand, it is
important to take into account the magnitude and frequency (temporal scale) of the impact,
and the fact that in marine ecosystems, the severity of the impact is not always proportional
to the amount of the pollutant entering the system.
For example, increased nutrient loading does not always result in increased rates of primary
production and eutrophication in marine ecosystems. However, this does not mean that the
ecosystem is not affected; sometimes subtle effects can be seen such as changes in diversity,
in biogeochemical processes and nutrient cycling, in seasonal patterns or in the magnitude
and variability of the system. The impact of perturbation in marine ecosystems is also
dependent on system attributes such as: tidal energy; hydrology (which is controlled by
wind, currents, bathymetry, basin geography or river flow and determine seawater residence
times in enclosed bays or the spread of a pollutant); optical properties such as water
turbidity and the presence of suspended particles; water depth; benthic–pelagic coupling;
meteorological and climatic conditions, etc.

INDOMER

L3 - 23

Fig. 1. Effect of perturbations on marine microbial communities is complex, as presented in
the conceptual scheme
When a microbial community does not change after a disturbance, we can consider it as
"resistant" (Fig. 1). If the community changes in composition due to the perturbation but it
recovers (i.e. due to metabolic flexibility and physiological tolerance of microorganisms,
rapid growth rates and adaptative evolution) and reverts the original composition, it is
considered as "resilient". On the other hand, even if there is a change in community
composition, this might not have any effect on its functional performance and on the rates
of the different microbial processes. This is explained by the concept of "functional
redundancy", which implies that different taxa can carry out the same function in the
ecosystem and at the same rate. Alternatively, the perturbation can alter the functionality of
the community. In this case, we can expect a change in the ecosystem services provided by
microbial communities, which usually implies a negative effect on ecosystem health, and on
its economic and social value. The studies conducted so far indicate that in most cases, the
disturbance caused a change in community composition, meaning that the communities
were not resistant, and that often the communities were not resilient because they did not
revert to the composition previous to the impact. There is also evidence showing that
changes in microbial composition caused changes in functional processes, which indicates
that microbial communities are not always functionally redundant. The structure of the
community is also important when facing a situation of environmental stress and it has been
demonstrated that communities with high evenness are more likely to be functionally stable
after perturbation. It has also been shown that despite an immediate reduction in evenness
in response to a sudden perturbation, bacterial communities tend to revert rapidly to
structures of high evenness and richness, even if there has been a change in community
composition.
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Most of the studies assessing the response of microbial communities to perturbation are
limited to analysing changes in composition (i.e. community resistance or sensitivity). Few of
them evaluate resilience, i.e. whether or not the community returns to its original
composition after the impact. Finally, some studies analyse functional changes, either
because they measure process rates or because they analyse the composition of particular
functional groups. Few studies address both changes in composition and in
functionality. Consequently, there is a wide variety of microbial data available, dealing with a
multitude of possible stressors and with different marine ecosystems (i.e. water, sediment),
which makes the generalization of patterns difficult.
Among all disturbances, sources of environmental impacts in respect of port and harbor
projects can be considered as major ones. The adverse effects on account of development of
port and harbour projects can be categorized into the following types:
(a) Location of port; (b) Construction (c) Port operation, including ship traffic and discharges,
(d) Cargo handling, storage and land transport.

Potential impacts due to port location: Impacts due to associated and ancillary port
activities should be assessed. Breakwaters and landfills may change current patterns and
cause stagnation of water behind the structures. If municipal or industrial effluent flows into
a port, stagnant port water may deteriorate through a dramatic increase of phytoplankton
and a decrease of dissolved oxygen, resulting from eutrophication of water, caused by
effluents containing nutrient salts (chemical compounds including N and P). Anaerobic water
leads to the generation of hydrogen sulphide (H2S) and can be identified by its odour. It has
serious effects on organisms. Municipal sewage also brings coliform bacteria into the port
and may cause unacceptable contamination of the harbour.

Potential impacts due to port construction: Pile driving, deposition of rubble, dredging,
sand compaction and other construction work in water cause re-suspension of sediments
and turbid water. Re-suspension of sediments in water leads to an increase in the level of
suspended solids and in the concentration of organic matter, possibly to toxic or harmful
levels. It also reduces sunlight penetration. Work vessels are a possible cause of oil spills,
garbage discharge, and leakage of other substances into water. Diffusion from concrete work
in water and overflows from landfills may be possible sources of water pollution. Potential
impacts to be assessed also include physical properties of the water, disruption or
destruction of bottom sediment organisms including microbes.

Potential impacts due to port operations: Possible discharges from ships that could be
sources of water pollution are bilge water, ballast water, oily wastes, sewage, garbage and
other residues in a ship. Spills of oils, lubricants, fuels and other oily liquids may be other
sources of water pollution. Once an oil or oily compound is on the surface of seas in tropical
zones, oils can be polymerized gradually by biodegradation and eventually form dense
particles, which sink. Concentration of oily compounds in water is an important indicator of
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water quality, particularly in recreational water areas. Repair docks may be a possible source
of toxic or harmful materials such as anti foulants, paints, or heavy metals.

Impacts on water quality due to cargo operations: Runoff from raw material storage, spills
from bulk cargo handling, and wind-blown dust are possible sources of contamination of
port water. Toxic or harmful substances may be included in runoff from sulfur, bauxite,
phosphates, nitrogenous manure, coal, metal ore sand other cargo materials. Organic
materials in runoff are decomposed to the inorganic form, spending dissolved oxygen and
increasing the nutrient level in water. Accidental spills of toxic, harmful materials, oils or oily
compounds, and other raw materials are also possible sources of contamination of water.

Desalination: The largest impact of desalination plant on the surrounding environment is
often considered to act on marine life including microbes. The discharge brine has the ability
to change the salinity, alkalinity and the temperature averages of the seawater and can cause
change on marine habitat. The plume of discharge brine might contain all or some of the
following constituents(i) High salt concentration, chemical used during pretreatment
stage.(ii) High total alkalinity as a consequence of increasing the calcium carbonate, calcium
sulfate and other elements in the seawater to almost double.(iii)Higher temperature of the
discharge brine due to the high temperature is used in the desalination facility and(iv)Toxic
metals, which might be produced if the discharge brine has contact with metallic materials
used in the plant facilities
In general, the salinity and total alkalinity of the discharge brine is almost double that of
average seawater and thermal pollution may occur from the high temperature of the brine
discharge. This change in salinity, alkalinity, and temperature could possibly lead to a
significant impact on aquatic microbial life.
Water salinity changes may influence (i)Development of species and the propagation activity
and faster individual growth. (ii)Survival of larval stages of animals and life expectancy
(shorter or longer generation time). (iii)Population density of organisms (higher or lower
population growth rate) and (iv) Breeding of species and reproductive traits. The salinity
around the outlet discharge varies from about 80 ppt to reach the actual seawater salinity
35-36 ppt in balance with the surrounding environment. There are very limited numbers of
documented studies or experiments have been done about the impacts of salinity and
temperature fluctuation on the flora species neither sedentary organism.
Another impact of the discharge brine is the thermal pollution that can occur by rising the
temperature of the seawater. Thermal pollution, which results from cooling water being
discharged to the sea or ocean, can be defined as "a major change in the sea temperature".
Several studies have been carried out in order to determine how the distribution and
abundance of marine flora and fauna species react to a change in temperature. The
temperature of the brine discharge is one of the major concerns for any desalination plant
project; this temperature is higher than the ambient ocean water temperature. A direct
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correlation can be determined between the temperature alteration and the behavior of
marine species. Temperature can have positive or negative impacts on the marine flora and
fauna depending on the species and extent of the change in temperature. A very limited
experimental data has been documented about the impact of the temperature changes on
several kinds of marine flora and fauna species. However, information on microbial flora is
practically very much limited.
6. Mitigation measures to protect Microbes
Mitigation measures to protect microbes are very difficult to plan and implement. As we
know any disturbance in nature is bound to cause alterations in microbial diversity and
prediction of such changes is almost impossible except in few areas. The only way is to
implement programmes that may cause minimum disturbance to environment.
7. Environmental Management Plan (EMP)
The analysis of the effect of anthropogenic activities on the composition and activity of
microbial communities is complex and ideally requires interdisciplinary expertise. First of all,
the study should include the characterization of the abiotic and biotic factors related to the
type of pollution occurring at the studied site, particularly those most likely to be influencing
microbial activity. Then, the ideal study should have a meaningful design of the sampling
procedures. Thus, in order to be able to determine the effects of a particular stressor, data
from polluted sites have to be contrasted with those in control areas and therefore
comparative studies are imperative. Accordingly, sampling is usually performed along a
gradient of pollution and by defining reference stations. However, for a proper design of the
sampling strategy, it is necessary to have previous information on the attributes of the area
investigated, such as the hydrology of the site (i.e. currents, predominant winds,
etc.). Information on site hydrology is often unavailable and many studies use linear
transects from the source of pollution. This strategy has the risk of missing the real plume of
the pollutant in the area sampled, as well as the extension of the area impacted, and might
lead to erroneous conclusions about the stress caused In the absence of hydrological data,
an approach that has proven to be useful is the use of techniques from geographic
information systems in order to interpret data in a geographical context. By defining
sampling locations that allow the use of interpolation methods, the variation of abiotic,
biotic and microbial parameters can be represented in the form of maps of the area
sampled, and this mapping provides more information on the anthropogenic impact in the
area than the discrete numerical data. It is also important to have surveys analysing both the
water column and the sediments because there is a tight coupling between these two
compartments. As we know microbes are associated with all living and dead organisms.
Another key aspect to consider is temporal variability. Using interannual data from microbial
observations in projects such as COMAPS in India, microbial diversity in seawater has been
shown to vary temporally according to abiotic and biotic factors with predictable patterns.
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This seasonality has been also reported in coastal and estuarine environments. As a
consequence, temporal variation of microbial communities, as well as phytoplankton, in
human-impacted environments seems to be more irregular and less predictable in relation
to parameters that vary seasonally.
Taking into account the necessity of using molecular methods for analysing microbial
community composition, another factor to consider is the level of resolution required. This
determines the economic cost, as well as the experimental effort and the time necessary to
complete a survey. For comparative studies on microbial diversity, involving samples
representing variation at the spatial and temporal scales, the most common approach used
so far is the electrophoretic profiling of amplified ribosomal genes or intergenic regions of
ribosomal operons (16S rRNA gene and internal transcribed spacer) using primers with
specificity at the domain level (i.e. Bacteria or Archaea). These methods provide data on the
diversity and structure of microbial communities. Besides, the data generated by profiling
methods can be analysed numerically using univariate and multivariate statistics (diversity
indices, similarity coefficients, cluster analysis, ordination methods, etc.) and can be
correlated with environmental parameters, i.e. those indicative of human-derived stress.
However, profiling methods are of limited value for identifying the microbial populations
present in the samples such as those positively or negatively affected by the stress.
In order to obtain phylogenetic data on the composition of microbial communities, other
approaches such as sequencing of cloned 16S rRNA genes or high-throughput sequencing
methods should be used. In many studies of human-impacted environments, a combination
of profiling methods together with cloning and sequencing has been followed. However, the
approach of cloning and sequencing of 16S rRNA genes has important drawbacks that limit
the conclusions that can be obtained from the data. First of all, the analyses usually involve a
limited number of cloned sequences and few samples. Consequently, they fail to cover the
huge microbial diversity in the environment and limit the possibility of performing
meaningful comparative analyses between samples, both within a particular study (i.e.
control vs. polluted at different times) and between studies (i.e. analysis of the same stressor
in different locations). In addition, these methods usually overlook the minor components of
the communities, which, despite being not abundant, might be functionally relevant or
constitute a genetic reservoir that could be important under stress conditions.
On the other hand, 16S rRNA gene sequence data do not allow the inference of
physiological and metabolic capabilities of microorganisms, except in the case of particular
microbial groups. Therefore, in order to obtain information on community functionality,
some studies try to overcome this limitation using primers or probes specific for certain
groups (i.e.ammonia-oxidizing Betaproteobacteria or sulphate-reducing Deltaproteobacteria)
with the aim of targeting only those microorganisms involved in metabolic processes with
relevance in the area studied. Another strategy is to target functional groups using molecular
tools for genes encoding key enzymes (i.e. nifH for nitrogen fixation; nirS/nirK for
denitrification; amoA for ammonium oxidation; mcrA for methanogenesis and anaerobic
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methane oxidation; pmoA for methane oxidation; or dsrAB for sulphate reduction).
Irrespective of the target gene used, molecular data alone do not allow one to conclude that
a particular metabolism is being carried out in the environment, especially when the
molecule targeted is DNA. The most recent and powerful techniques, such as metagenomics,
metatranscriptomics and 16S rRNA gene tag sequencing, can help to overcome some of
these limitations, but to our knowledge, they have not been applied in studies of humanimpacted marine environments so far. However, it is important to keep in mind that for
functional assessment of microbial communities, we should combine molecular data with the
measurement of environmental process rates (i.e. bacterial production, respiration, pollutant
degradation, etc.).
Another important limitation in the interpretation of diversity data from human-impacted
environments is our incomplete knowledge of the biogeography of marine microorganisms
and the relevant environmental factors determining their distribution. In recent years, there
have been some efforts aiming to explain the distribution of marine bacterioplankton and
sediment microorganisms. This background knowledge is very important for the
interpretation of data from human-impacted environments. A typical result from diversity
surveys, including those in polluted environments, is the retrieval of sequence types highly
related to sequences from other environments as well as site-specific ones. It is usually
impossible to determine whether or not these site-specific sequence types are related to the
particular stress found in the site. The direct comparison of these site-specific sequences
retrieved in different studies in global, or for a particular ecosystem (i.e. water column,
sediment, estuarine, coastal, etc.) or stressor (i.e. nutrient input, chemical pollution, etc.)
might help to determine whether or not there are microorganisms that could be
systematically associated with human-derived impact. This would allow the definition of
indicator microorganisms, as is currently done for higher organisms, to help in the
assessment of environmental quality.
The way forward is the use of remote ocean-observing systems equipped with appropriate
sensors, which allow for a continuous, real-time observation of oceanic systems. Multiple
sensors are available, such as CTD (conductivity, temperature, depth), pH, oxygen, redox
potential, light, turbidity, chlorophyll and accessory pigments, nitrate, nitrite, ammonium,
phosphate, silicate, sulphide, heavy metals (copper, lead, cadmium, zinc, manganese, iron),
radionuclides or petroleum hydrocarbons. All these parameters are very relevant for the
functioning of microbial communities. For example, optical methods for the in-situ detection
of blooms from the toxin-producing dinoflagellate Karenia brevis have been developed.
Moreover, a field-deployable system called Environmental Sample Processor (ESP) can
perform remote molecular analyses of prokaryotic plankton and harmful algal species based
in sandwich hybridization assay with a battery of probes with different specificities, and can
analyse the presence of the toxin domoic acid in water by a competitive enzyme-linked
immunosorbent assay. The device contains also physical and chemical detectors for
measurements of basic environmental conditions. Another device for performing remote
molecular analyses of marine microorganisms is the Autonomous Microbial Genosensor
(AMG), which uses an isothermal RNA amplification technique (designated as nucleic-acid
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sequence-based amplification-NASBA). It is being tested for the detection of active cells of
toxin-producing dinoflagellate K. brevis, based on the amplification of mRNA for the large
subunit of ribulose-1,5-bisphosphate carboxylase/oxygenase, rbcL, the key enzyme for
carbon fixation. These platforms, plus further developments that might lie ahead, represent
very powerful tools for the in situ and continuously operating analysis of microbial
parameters such as changes in composition, functionality or presence of toxins in seawater,
which are relevant to analyse anthropogenic impact.
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MARINE PROTECTED AREAS AND ENDANGERED ANIMALS
Dr. K. Venkataraman
Former Director, Zoological Survey of India, Kolkata
1. Introduction
Much of the world's wealth of biodiversity is found in highly diverse marine and coastal
habitats. These habitats range from the coastal estuaries, saline wetlands, mangrove forests,
shallow coral reefs, mesophotic reefs to soft sediments of ocean floor thousands of meters
below the surface. The Indian coastline encompasses almost all types of intertidal habitats,
which includes hypersaline and brackish lagoons, seagrass and mangrove ecosystems,
estuaries, coastal marsh and mudflats, sandy and rocky shores with every degree of exposure
and widely varying profile. It also has coral reefs of fringing and patchy type on the west as
well as the east coasts. Besides, the near-shore and oceanic islands of India also bring in lot
of natural wealth by means of the associated habitats.
While the total number of
described, marine species is smaller
than that found on land, scientists
are continually discovering new
concentrations
of
diversity.
Regardless of species counts,
marine animals are more diverse
than land animals at the higher,
phyletic levels of evolutionary and
taxonomic differentiation. Major
branches on the tree of life of
animals are found in the sea. In
comparison, only about half of all
phyla occur on land. Marine animals also exhibit greater range of body forms and structures
than the terrestrial species. For example, the filter feeders sieve plankton and other floating
material for food, range from microscopic zooplankton to barnacles to sea anemones to
baleen Whales. Till today, marine biodiversity is lesser known than terrestrial biodiversity, due
to the practical difficulties of exploring the marine environment. What is known today about
the marine life is astonishingly little, even in the most familiar seascapes. For instance,
scientists have identified twenty-two phyla of meiofauna, two of which were identified only
in the past two decades. These animals, barely visible to the naked eye, live on grains of
coastal and ocean-bottom sands. Up to 10,000 such animals can be found in a single handful
of wet sands. And yet only recently have scientists begun to identify the important role they
play in marine ecosystems.
Marine Protected Areas in India: To provide protection from indiscriminate usage and
conserving biodiversity, several marine habitats in India are brought under Protected Areas
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(PAs). Declared MPAs – PAs designated with purpose of protecting marine areas and the
biota in it – are only five, which include: Gulf of Mannar National Park (GOMNP), Gulf of
Kachchh Marine National Park, Gulf of Kachchh Marine Sanctuary, Mahatma Gandhi Marine
National Park (Andaman Nicobar Islands), and the Gahirmatha Sanctuary (Orissa). However,
there are several PAs due to having associated marine ecosystems have been categorized
into MPAs - the numbers and characterization of which varied with authors (Singh, 2002;
Rodger et al., 2002; WII, 2002). While Singh's (2002) report is in conformity with India’s
Third National Report to the CBD, which noted 31 Marine Coastal Protected Areas (MCPAs)
of which 18 are primarily under the marine environment and 13 are partly terrestrial (SCBD,
2006), WII report claims only 26 PAs as MCPAs. Nonetheless, there are several marine
ecosystems left out, in spite of the recognition for their ecological services. And, there is
little information on the composition and diversity of the biota, and the actual area coverage
of each ecosystem.
Coastal and Marine Ecosystems: Major coastal ecosystems of India are discussed here, for
their economic use, conservation status, and the viability of offering environmental
protection.
i. Coral Reefs: Coral reefs are among the planet's largest and oldest structures created by
living organisms. Few genera of corals are supposed to be older than prairies. This unique
ecosystem is most productive because of its symbiotic association with an alga called
Zooxanthellae. They are the protectors of the coastlines of the maritime states, however are
very fragile and vulnerable to natural disturbances, and human activities. Many maritime
states and the coastal populations mostly depend upon the coral reef ecosystems for their
day-to-day life.
Reefs are home to more species
than any other ecosystem in the sea
for they provide shelter and
nourishment to thousands of marine
flora and fauna with a complex web of
inter-specific interactions. The total
number of reef species in the world is
still unknown, but up to 3,000 species
can be found together on a single reef
in Southeast Asia and over 1,000 on a
single Caribbean reef. Only tropical
rainforests estimated by some to be
home to a staggering 30 million
insects, have a greater number of species, although due to the vast number of fish that
inhabit them, reefs contain a larger number of vertebrates than rainforests. Reefs also
contain many more major animal groups (Phyla) than any other ecosystem on land or in the
sea. The richest reefs, with the greatest diversity of plants and animals are in the region
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bounded by Indonesia, Malaysia, the Philippines and southern Japan. Of the 700 or so reef
coral species that are known in the world, 600 are found in this region; over 400 are found in
the Philippines and Japan, and about 350 in Indonesia, and upto 200 corals may occur on a
single reef in this region. This high diversity extends equally to other reef associates and is
partly because of the greatest area of reefs found here and partly because of its geological
history. The variety of species on a reef decreases eastwards across the Pacific.
Map showing the four major coral reef areas of India: In India, all the three major reef
types such as atolls, fringing reefs and barrier reefs occur, and the region includes some of
the most diverse, extensive and least disturbed reef areas of the Indian Ocean, many of
which are among the least scientifically
known. The mainland coast of India has
two widely separated areas containing
fringing reefs: The Gulf of Kachchh in the
northwest, which has some of the most
northerly reefs in the world, and PalkBay
and Gulf of Mannar in the southeast.
There are patches of reef growth on the
West Coast, for example coral reefs at
Malvan. The Andaman and Nicobars also
have fringing reefs around many islands,
and a long barrier reef (329 km) on the
west coast. The reefs of Andaman may
prove to be the most diverse in India and
those in the best condition. The
Lakshadweep has extensive atoll reefs.
The absence of reef in Bay of Bengal (North East Coast) is attributed to the immense quantity
of freshwater and silt brought by the rivers such as Ganga, Krishna and Godavari. Satellite
imagery (SAC, Ahmedabad) shows scattered patches of corals in the intertidal areas and
occasionally at subtidal depths along the West Coast of India notably at Ratnagiri, Malwan
and Rede Port.
A total of 478 species of corals divided among 89 genera are recorded from India, including
Lakshadweep, the Gulf of Kachchh, Palk Bay and the Gulf of Mannar and Andaman and
Nicobar Islands, which is about 60% of the total known hermatypic genera from the world. A
comprehensive list of species from the Indian Ocean is not yet available. Based on the
present checklist, the following numerical list of species under each family is drawn up.
Among the four major reef areas of India, Andaman and Nicobar Islands are found to be very
rich and Gulf of Kachchh the poorest in species diversity. Lakshadweep Islands have more
number of species than the Gulf of Mannar. About 97% of Indian genera recorded from
Andaman and Nicobar Islands, where as other reefs constitute merely 40%. This indicates the
high degree of coral diversity in Andaman and Nicobar Islands. Interestingly Andaman and
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Nicobar Islands has all the families (100%) which are recorded from other major reefs of
India.
Diversity of scleractinian corals in the major reefs of India

Palk bay and
Lakshadweep
Gulf of Mannar

Andaman
and
Total
Nicobar

Groups

Gulf of
Kachchh

Families

10

13

14

19

19

Genera

27

37

40

86

89

Species

49

104

117

424

478

The total area of coral reefs in India is estimated to be 2383.87 km2 (SAC, 2010). All reef areas
in India are not effectively brought under PA net work, however, it is significant to note that
three out of five designated MPAs are meant for the conservation of coral reefs. The reef
areas in Lakhadweep and PalkBay do not have any legal protection status. Only 6.61% of the
reef area in Andaman Nicobar is under the coverage of Marine Protected Area. For Gulf of
Kachchh, the entire reef area is not covered under the MPA jurisdiction, and the total reef
extent exceeds the total area under MPA. Data on the actual reef area under protection is
not available for this region.
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Major coral reef areas and areas under protection
Areas harbouring
coral reefs in India

Total reef
area (km2)

Name of the Protected Area
(Coral reef)

Total PA
(including reef)
(km2)

LakshadweepIslands
Andaman Nicobar
Islands

933.70*
1021.46*

Pitti Wild life Sanctuary
1. Mahatma Gandhi Marine
National Park
2. Rani Jhansi Marine National
Park
3. North Button National Park
4. Middle Button National Park
5. South Button National Park
6. NorthReefIsland, Sanctuary
1. Gulf of Mannar Marine National
Park
2. Gulf of Mannar Marine
Biosphere reserve
1. Gulf of Kachchh Marine
National Park
2. Gulf of Kachchh Marine
Sanctuary

0.01
281.50

Gulf of Mannar

69.03*

Gulf of Kachchh

352.5*

PalkBay

6.9*

--

Malvan

0.28*

3. Malvan Marine Sanctuary

256.14
0.44
0,44
0.03
3.48
560.00

295.03

-29.22

* Source: SAC, 2010
ii.
Mangroves:
Mangrove
forests form one of the most
extraordinary
ecological
formations occurring almost
exclusively in the tropics. These
are salt-tolerant ecosystems of
tropical
and
subtropical
intertidal coastal regions near
river mouths. Between latitudes
30oN and 30oS, the shoreline
marsh vegetation is replaced by
mangals (a community of
mangroves
is
termed
as
mangal).
They form highly
productive ecosystems since the
inorganic nutrients, brought in
by the incoming freshwater from land run-off, are trapped to form the source of energy for
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many organisms. Through the export of decomposable organic matter into adjacent coastal
waters, the mangroves provide an important nutrient input and primary energy source for
many tropical estuaries. A mangrove ecosystem constitutes a reservoir, refuge, feeding
ground and nursery for many useful and unique plants and animals confined to this region.
Hence, they have great ecological, social and economic significance. These areas are
important for the marine fisheries, serving as they do as nurseries for many species of finfish
and shellfish. They also provide a wide variety of goods and services including wood
production, aquaculture, salt production and shoreline protection from cyclones and tropical
storms and coastal erosion control. The multiple uses of the coastal zone, in general, and the
mangroves in particular, like recreation, tourism, forestry, agriculture, aquaculture, housing
and commercial fishing are all well known, as also the fact that this zone is very highly
productive and also thickly populated. A major concern with the increasing use of this zone
and its resources relates to coastal pollution by domestic industrial, municipal and
agricultural wastes and of late due to oil exploration.
India has only 2.66% of the world's mangroves, 6.42% of mangroves exist in the South and
Southeast Asia, 9.83% in America, 17.29% in West Africa, 25.69% in Australia and 46.65% of
mangroves in East Africa and Middle East. Three types of mangroves occur in India viz.,
deltaic, backwater-estuarine and insular categories. The deltaic mangroves occur on the east
coast (Bay of Bengal) where the mighty rivers make the deltas (e.g. World’s largest
mangrove forest, the GangeticSunderbans in West Bengal). The Sunderbans mangroves are
of the deltaic type. The backwater-estuarine type of mangroves that exists in the west coast
(Arabian Sea) is characterized by typical funnel-shaped estuaries of major rivers (Indus,
Narmada, Tapti) or backwaters, creeks, and neritic inlets. The insular mangroves are present
in Andaman and Nicobar Islands, where many tidal estuaries, small rivers, neritic islets, and
lagoons support a rich mangrove flora.
The total area of mangroves estimated as per data of 2009 is 4,662 km2 (FSI, 2011). The
Sunderbans has 30 of the 50 species of the true mangroves in the world. The mangrove area
in Orissa is nearly 222 km2 in extent and its degradation is placed at 20 km2 over ten years, as
per recent estimates. Andhra Pradesh has 352 km2 of mangrove area. The area under
mangrove ecosystem in Tamil Nadu is 39 km2. Out of India's total area under the
mangroves, about 57% are found on the East Coast, 23% on the West Coast and remaining
20% on the BayIslands (Andaman and Nicobar). No data is available on the actual extent of
mangroves in the Marine Protected Areas of India. For some of mangrove states it could be
said that the entire extent of mangrove is not covered under the protected area, where
mangrove area is less than the total area covered under protection. This applies to the states
like West Bengal, Orissa, Andhra Pradesh, Tamil Nadu and Andaman and Nicobar Islands. On
the contrary, Maharashtra, Gujarat, Daman and Diu, Goa, Karnataka, Kerala and Puducherry
have additional mangrove extent outside the protected area.
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Mangrove areas in India and Areas under protection

State/UT
West Bengal

Orissa

Mangrove
(km2)*
2155

222

Andhra
Pradesh

352

Name of the protected (Mangrove) area
1. Sunderbans National Park and Tiger
Reserve
2. Halliday Sanctuary
3. Lothian Island Sanctuary
4. Sajnakali Sanctuary
1. Bhitarkanika National Park and Marine
Sanctuary
2. Gahirmatha Marine Sanctuary
1. Coringa Wildlife Sanctuary
2. Krishna Wildlife Sanctuary

Total Area under
protection (km2)
1330.0***
5.95***
38.0***
362.40***
672.0***
1435.0
235.7
194.81

39

3. Pulicat Lake Bird Sanctuary
1. Pulicat Lake Bird Sanctuary

500.00
153.67

Puducherry
Andaman and
Nicobar
Islands

1
617

2. Point Calimere Willife & Bird Sanctuary
-1. Mahatma Gandhi Marine National Park

17.26
-281.40

Kerala
Karnataka
Goa
Maharashtra
Daman & Diu
Gujarat

6
3
22
186
1.56
1058

2. Rani Jhansi Marine National Park
3. Lohabarrack Sanctuary
4. North Button National Park
5. Middle Button National Park
6. South Button National Park
7. North Reef Island, Sanctuary
8. Galathea Bay Sanctuary
9. Parkinson Island Sanctuary
10. Mangrove Island Sanctuary
11. Blister Island Sanctuary
----1. Chorao Reserve Forest and Bird Sanctuary
1. Malvan Marine Sanctuary
-1. Gulf of Kachchh Marine National Park and
Sanctuary

256.14
21.57
0.44
0,44
0.03
3.48
11.44
0.34
0.39
0.26
---1.78**
29.12
-295.03

Tamil Nadu

* FSI, 2011; ** Kumar, 2000; *** Singh, 2002
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iii. Seagrass and Seaweed Ecosystems: Seagrasses occur in the infratidal and midtidal
zones of shallow and sheltered localities of sea, gulf, bays, backwaters and lagoons. They are
submerged monocotyledonous plants and adapted to the marine environment for
completion of their life cycle under water. They form a dense meadow on sandy and coral
rubble bottoms and sometime in the crevices under water.
In India they occur along the east and
West Coast and Andaman and Nicobar
and Lakshadweep Islands.
Earlier
studies revealed that about 14 species
are found along the Indian coast. The
dominant species are Cymodium

rotundata, Enhalus acorodies, Halodule
pinifolia, H. uninervis, H. wightii,
Halophila beccarii H. deeecipiens, H.
ovalis,
H.
ovta,
H.
stipulacea,
Syringodium
isoetifolium,
Thalassiahemprichii and others. The
unique ecological importance of the
seagrasses for the conservation of rare and endangered animal like marine turtles, dugongs,
some common echinoderms, juvenile prawns and fishes is very well known.
The seaweed communities prefer somewhat flat and rocky coastal wetlands that gradually
slope towards the sea with marked tidal effect of complete submergence during high tide
and successive exposure during low tide. Its distribution extends from open shore formation
to interdial lagoons, bays, rockpools, and puddles or in creeks and inlets beyond the low tide
make along the infralittoral region of the coast. Different species are abundant along the
West Coast, Andaman and Nicobar Islands, and Lakshadweep. Except the places like Chilka,
Pamban, Gulf of Mannar and Cape Comorin, its occurrence along the East Coast is very
scanty.
About 120 species of seaweeds have so far, been recorded from the coastal wetlands in
India. Some of the important seaweeds are Enteromorpha compressa, Ulva lactuca,

Acetabularia crenulata, Dictyosphaeria cavernosa, Chaetomorpha media, Caulerpa
corynephora, C. paltata, C. tomentosum, Halimeda macroloba, Dictyota atomarica,
Ectocarpus breviarticvulatus, Polysiphonia vaariegata, Grateloupia indica, Sargassum
duplicatum and others. These plant communities serve as sustainable life support in the field
of food, shelter, fertilizer, production of iodine, potash, glue, agar, algin, vitamin, antibiotic
and others. The detailed studies on Indian seaweed, their survey, quantitative assessment
and different problems for extracting valuable products for commercial export are to be
given more emphasis in the future.
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Despite their ecological and economic significance, the area estimates of seagrass and
seaweed dominated ecosystems have not been carried out for the Indian coastal systems,
with the exception for Palk Bay and Gulf of Mannar. These ecosystems outside the MPAs in
India are to be mapped to be identified for offering any MPA status. Several of the seagrass
ecosystems are designated forage places for dugongs and turtles have also not been
notified. These lapses have to be urgently met with for the conservation of these ecosystems
and associated fauna.
iv. Estuarine Ecosystem: Estuaries are integral parts of coastal environment. They are the
outfall regions of the river, making the transitional zone between the fluvial and marine
environs. They are also effective nutrient traps and provide a vital source of natural
resources to man and are used for commercial, industrial and recreational purposes.
Historically the term estuary has been applied to the lower tidal reaches of a river. They may
be also semi-enclosed and sheltered coastal bodies of water. As they are semi-enclosed they
provide natural harbour for trade and commerce. Most of the great cities of the world have
developed around the estuaries. In India, cities like Bombay, Kolkata and Chennai are
developed around estuaries and the coastal population density has been quite high since
many centuries. Even at the time of Harappan civilization, exploitation of estuarine and
riverine resources was intensive; for instance, an active Greek-Roman sea trade flourished at
the Indus delta (Mohan-jo-daro), the Ganga-Bramaputra delta and the harbours in Bengal
and South India.
Ecosystem diversity is reflected in the formation of estuaries at the mouth of 14 major rivers,
which together account for 83% of the total catchment area and 85% of the annual runoff
into seas around India. These estuaries harbour lush mangrove vegetation which adds
subsequently to the organic production. In some locations along the coast, backwaters
stretch over vast areas and have a few specialized faunal groups. The total estimated area
under the estuaries is approximately two million hectares and the backwater is 1.9 million
hectares. Two lagoons, namely Chilka and Pulicat on the East Coast, are the important
wetlands as far as biodiversity is concerned.
Biodiversity in this ecosystem is very impressive. They are the best settling places for clams
and oysters. They also act as nursery ground for a variety of shrimps and some finfishes. In
India there are 113 major and minor rivers. The health status and the biological diversity of
the Indian estuarine ecosystem are deteriorating day by day due to man-made activities and
dumping of enormous quantities of sewage into the estuaries, which has drastically reduced
the population of the mature fishes. It has also caused considerable ecological imbalance
and resulted in large-scale disappearance of their flora and fauna.
v. Lagoon Ecosystem: Coastal lagoon is a shallow coastal water body separated from the
ocean by a barrier, connected at least intermittently to the ocean by one or more restricted
inlets and usually oriented parallel to shore. The ocean entrance(s) can at times be closed off
by sediment deposition as a result of wave action and littoral drift. Coastal lagoons are
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usually found on low-lying coasts and are normally aligned with their largest diameter
parallel to the seashore. A number of lagoons are present on the east and West Coast of
India. There are 17 noteworthy lagoons (8 on the east and 9 on the west) along the Indian
coasts.

East Coast of India: The East Coast of India, extending from the international border of India
and Bangladesh in the northeast, to Kanyakumari in the south is 2,545 km long. It covers the
states of West Bengal, Orissa, Andhra Pradesh, and Tamil Nadu. It is over 2 million km 2 in
extent and acts as the recipient of mighty rivers of the subcontinent viz. the Ganga and
Brahmaputra. The lagoons of east coast of India are Chilka, Pulicat, Pennar, Bendi,
Nizampatnam, Muttukadu, Muthupet and Gulf of Mannar.

West Coast of India: Along the West Coast of India, there are nine important coastal
lagoons. With their connecting canals they stretch from north of Calicut to Trivandrum on
the south. Typical examples are the Ashtamudi lagoon near Quilon and the Vembanad
lagoon near Alleppey among others. Other lagoons in the west coast of India are Paravur,
Ettikulam, Veli, Murukumpuzha, and Talapady.
vi. Pelagic and Benthic Ecosystems: The fauna of the marine ecosystem is not evenly
distributed throughout the oceans. It is estimated that 90 percent of marine species live in
about 50 million sq. km of the total 352 million sq km. The patterns of biodiversity are
determined by the availability of light in the sea. The pelagic ecosystem is dominated by
plankton, which is classified on the basis of size as picoplankton (0.2 – 2.0 mm),
nanoplankton (2 - 20 mm) microplankton (20 - 200 mm) and mesoplankton (>200 mm).
Mesoplankton includes copepods, rotifers etc. Larvae of many benthic invertebrates
represent mesoplankton. Sponges, coelentrates, molluscs and echinoderms have planktonic
larvae.
Copepods, cladocerans, mysiids, rotifers, chaetognaths, hemichordates and
protochordates have planktonic adults. Copepods are important primary grazers. About
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1925 pelagic copepods have been described from marine waters of India. It is estimated that
there are 3500 to 4500 species of marine phytoplankton in the world but we do not have any
such data for Indian seas. Plankton occurs everywhere in the sea and they differ only in the
species composition and relative abundance.
The rich nutrient present in the coastal waters forms the basis for the presence of many
species of diatoms whereas the nutrient deficient oceanic waters contain dinoflagellates.
Also, there is generally a gradual decline in phytoplankton abundance from coastal to
oceanic water. Plankton plays important role in the primary productivity. It also produces half
of the world's oxygen and fixes 27 giga tons of carbon each year. Pelagic life also includes
nekton represented by shrimpfish, squid, cuttle fish, reptiles, whales and sea cows. Pelagic
life thus has a tremendous diversity in form and function. Dominant taxa in the nekton are
fish represented by about 4000 species in the Indian Ocean, of which about 50% occur in
Indian seas. Majorities of these species occur in coastal water supporting valuable fisheries.
Among reptiles, sea snakes and turtles are important and represented by 50 and seven
species in the world respectively. These are generally oceanic forms but majorities of these
often swim near to the shore and visit the shore at some part of their life. About 26 species
of snakes belonging to one family Hydrophiidae and five species of sea turtles were reported
from seas around India. The seashore offers a veritable feeding and breeding ground for a
number of birds. From the available data it has been inferred that there are 12 families, 38
genera and 145 species of seabirds, which occur, in the coastal ecosystem.
Till recently deep sea, which
constitute a major part of the
ocean, was perceived as species
poor environment. But now the
estimates of the numbers of
species in the deep seas range
from 5 - 10 million. This
staggering range reflects our
attempt to fill up the gap that
hitherto exists in our knowledge
of marine biodiversity. It is now
well established that the oceans
are
rich
in
supraspecific
categories, especially at the
phyletic level. Out of the 33
animal phyla recorded so far
from the world, 15 are endemic
to
the
sea,
five
have
predominantly
marine
occurrence.
The taxonomic
status
of
the
groups
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representing the evolutionary branches off Protista is in a fluid state. The kingdom is divided
into about 70 phyla. As many as 1000 new species are discovered every year. From the
recent studies it is found that the number of benthic invertebrates includes millions of
species instead of 60,000.
2. Marine Protected Areas
The history of protecting outstanding natural areas for their scenic beauty and for recreation
and enjoyment by the general public is scarcely more than a century old. The first “national
park”, in the world was proclaimed in the United States in 1872. The growth of the national
park movement continued slowly until World War II. Since the mid-1970s, most of the new
national parks have been located in developing countries. In 1985 the international Union for
the Conservation of Nature and Natural Resources (IUCN) updated its list of protected areas.
This list contains more than 3,500 sites in 136 countries and territories. The establishment
and management of parks and protected areas are receiving increasing attention worldwide.
The establishment of protected areas is on constant increase worldwide.
Types of protected areas: In general, protected areas are classified under eight categories
as recognized by IUCN, 1984.
a) Scientific Reserve: Its objective is to protect nature and maintain natural
processes in an undisturbed state in order to have ecologically representative
examples of the natural environment available for scientific study, environmental
monitoring, education and for the maintenance of genetic resources in a dynamic
and evolutionary state.
b) National Park: It is aimed to protect large natural and scenic areas of natural or
international significance for scientific, educational and recreational use under
management by the highest competent authority of the nation.
c) Natural Monument: It is to protect and preserve nationally significant natural
features because of their special interest or unique characteristics.
d) Wildlife Sanctuary: It is to ensure the natural conditions necessary to protect
nationally significant species, biotic communities or physical features of the
environment requiring human intervention for their perpetuation.
e) Protected Landscape: To maintain nationally significant natural landscapes
characteristic of the harmonious interaction of people and land while providing
opportunities for public enjoyment through recreation and tourism within the
normal life style and economic activity of these areas.
f) Resource Reserve: To protect the natural resources of the area for further use
and curb development that could affect the resource pending the establishment
of objectives.
g) Anthropological Reserve: To allow societies live in harmony with the
environment to continue their way of life, undisturbed by modern technology.
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h) Managed Resource Area: To provide for the sustained production of water,
timber, wildlife, pasture and outdoor recreation; the conservation of nature is
primarily oriented to the support of economic activities.
Since 1986, the IUCN Commission on National Parks and Protected Areas (CNPPA) has been
promoting the establishment and management of a global representative system of Marine
Protected Areas (MPAs). According to IUCN (1998) "Marine Protected Area" means: Any area
of intertidal or subtidal terrain, together with its overlying water and associated flora, fauna,
historical and cultural features, which has been reserved by law or other effective means to
protect part or the entire enclosed environment.
There are 31 MPAs are established in India, which also include PAs which have territories
confined to land, such as island sanctuaries though have marine ecosystems adjacent to their
boundaries. These ecosystems are generally, mangroves, coral reefs, and seagrass beds
which need equal protection from a different perspective. For example, in Andaman Nicobar
Islands, there are only three Marine Protected Areas with territories marked in the marine
areas. The several island sanctuaries which constitute the number arrived at by the above
mentioned reports have no marine areas marked within their territories and hence they cover
only 1.2% of the total area of the PAs in Andaman Nicobar Islands. However, the PAs
declared as containing marine habitats do not fail in this purpose, and encompass the all
constituent ecosystems including terrestrial zones.
Hence, it is required to suggest demarcation boundaries of existing PAs in India,
incorporating adequate ecosystem representation, niches, biological richness of species, etc.
It is also required to establish new MPAs where there is less representation of above said
features.
Total area (sq km) of Marine Protected Areas in India (Source: Singh, 2002)
Category I
1

Mahatma Gandhi Marine National Park (MNP), Wandoor, South
Andaman

2

Rani Jhansi MNP (Richies Archipelago), Andaman

3

Lohabarrack (Salt water Crocodile) Sanctuary, South Andaman

4

Gulf of Kachchh MNP, Jamnagar, Gujarat
Marine Sanctuary (MS), Gulf of Kachchh, Jamnagar, Gujarat

5

Malvan MS, Sindhudurg, Maharashtra

6

BhitarKanika National Park (NP), Cuttak, Orissa
BhitarKanika Sanctuary, Kendrapara, Orissa

7

Gahirmatha Marine Sanctuary(MS), Kendrapara, Orissa

8

Chilka (Nalaband) Wildlife Sanctuary (WLS), Kundra, Puri, Ganjam, Orissa
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15.50
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9

Gulf of Mannar MNP, Ramanathapuram, Tuticorin, Tamil Nadu

10

Pulicat Lake (Bird) Sanctuary, Tiruvellore, Tamil Nadu

153.67

11

Point Calimere Sanctuary, Nagapattinam, Tamil Nadu

17.26

12

Coringa wildlife Sanctuary, East Godavary, Andhra Pradesh

235.70

13

Krishna Wildlife Sanctuary, Krishna/Guntur, Andhra Pradesh

194.81

14

Pulicat Lake Bird Sanctuary, Nellore, Andhra Pradesh

500.00

15

Sundarbans NP (Tiger Reserve), North & South 24-Pargana, West
Bengal

16

Halliday Sanctuary, South 24-Pargana, West Bengal

17

Lothian Island Sanctuary, South 24-Pargana, West Bengal

38.00

18

Sajnakhali Sanctuary, South 24-Pargana, West Bengal

36.24

Category II

6.23

1330.10
5.95

(sq. km)

19

North Button NP, Middle Andaman

0.44

20

Middle Button NP, Middle Andaman

0.44

21

South Button NP, Middle Andaman

0.03

22

North Reef Island Sanctuary, North Andaman

3.48

23

South Reef Island Sanctuary, Middle Andaman

1.17

24

Cuthbert Bay Sanctuary, Middle Andaman

5.82

25

Cinque Sanctuary, South Andaman

9.51

26

Galathea National Park, Great Nicobar
Galathea Bay Sanctuary, Great Nicobar

27

Parkinson Island Sanctuary, Middle Andaman

0.34

28

Mangroves Island Sanctuary, Middle Andaman

0.39

29

Blister Island Sanctuary, North Andaman

0.26

30

Sandy Island Sanctuary, South Andaman

1.58

31

Pitti Wildlife Sanctuary, Lakshadweep

0.01

110.00
11.44

The list below gives brief characterization of each the designated Marine Protected Areas
and Protected Areas which have marine ecosystems such as Corl reefs, Mangroves, sea grass
as well as marine protected animals within and adjoining their boundaries, in India.
Sl.
No.
1

Protected Area

Habitats

Other Habitats

Key species

PAs under MPA category - I as per Singh (2002) and India's report to SBCD
Mahatma Gandhi MNP,
Coral reefs,
The islands (15
Corals and
(Wandoor) South
Mangroves
No.) and several
associates, (fishes,
Andaman,
islets are covered
sea cucumber, sea
2
Area: 281.50 km (Total
with tropical
anemones etc.),
area of islands and the
evergreen forests,
dugong, dolphins,
territorial waters are 61.0
and mangroves.
saltwater crocodile,
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and 220.5 km2
respectively.)
Year of Declaration: 1983

There are also
creeks which do
not support coral
growth.

sea turtles (Green
and Olive Ridley),
~300 species of
birds, Spotted deer,
wild boar, Himalayan
palm civet and flying
fox.
Reptiles - Salt water
crocodile, sea turtle
(Hawksbill, Leather
backed, Olive Ridley,
Green), Water
monitor; mammals dolphin, wild boar,
spotted deer, Indian
elephant, Himalayan
palm civet;
Corals and
associated marine
life, salt water
crocodile, dugong,
dolphin, sea turtle
and birds.
Corals and
associated marine
life, fishes, crabs,
prawns, shark,
mammals - dugong,
dolphin, porpoise,
jackal; reptiles- sea
turtle, sea snakes,
and 208 species of
birds.

2

Lohabarrack (Salt water
Crocodile) Sanctuary,
(Wandoor), South
Andaman
Area: 100.00 km2
Year of declaration: 1987

Dense
mangroves
(tidal forest),
network of
creeks and
marine water

Littoral forest,
tropical evergreen
forests.

3

Rani Jhansi Marine NP
(Ritchie’s Archipelago)
South Andaman
Area: 256.14 km2
Year of Declaration: 1996

Coral reefs,
Mangroves
(tidal
swamps)

Evergreen forests,

4

i) Gulf of Kachchh Marine
National Park (Jamnagar)
Gujarat
Area: 162.89 km2
Year of Declaration: 1982
ii) Gulf of Kachchh Marine
Sanctuary, (Jamnagar)
Gujarat
Area: 295.03 km2
Year of Declaration: 1980

Coral reefs,
mangroves,
intertidal
mudflats,
creeks and
beaches

The 42 islands
have scrub forests.

5

i) Gulf of Mannar MNP
(Ramanathapuram/
Tuticorin) Tamilnadu
Area: 6.23 km2
Year of declaration: 1980
ii) Gulf of Mannar Marine
Biosphere Reserve
Area: 560 km2
Year of Declaration: 1989

Coral reefs,
Mangroves,
seagrass
beds and
beaches

The 21 islands
ranging in size
from 0.25 to 130
ha has scrub
forests.

6

Malvan Marine Sanctuary
(Sindhudurg) Maharashtra
(1987)

Mangroves,
and coral
patches.

Intertidal area and
sandy beaches.
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Corals, marine life,
sea anemones,
fishes, sharks;
mammals-dugong,
dolphin; reptiles-sea
turtle, sea snakes,
water birds,
sacretchank, pearl
oysters and 10
species of sea
grasses.
Corals, marine life
and birds.
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7

8

Area: 29.12 km2
Year of declaration: 1987
Protected areas under MPA Category - II
North Buttan Island
Island and
Coral reefs
National Park (Middle
shore
Andaman) South
Andaman
Area: 0.44 km2
Year of Declaration: 1979
Middle ButtanNationl Park Island and
Coral reefs
(Middle Andaman)
shore
Andaman
Area:0.44 km2
Year of Declaration: 1979

9

South Buttan National
Park (Middle Andaman)
Andaman
Area: 0.03 km2
Year of Declaration: 1979

Island and
shore

Coral reefs

10

North Reef Island
Sanctuary (North
Andaman) Andaman
Area: 3.48 km2
Year of declaration: 1977
South Reef Island
Sanctuary (Middle
Andaman) Andaman
Area: 1.17 km2
Year of declaration: 1987
Cinque Islands Sanctuary
(South Andaman)
Andaman
Area: 9.51 km2
Year of declaration: 1987
Landfall Island Sanctuary,
North Andaman
Area: 29.48 km2
Year of Declaration: 1987

Island – ever
green
forests,
dried-up
swamps.
Beaches

Wide stretches of
coral reef occur in
the south,
southwest and
north west.
Luxuriant coral
cover may be
found in the North
- area between the
two islands.
The two islands
notified under this
sanctuary have
extensive coral
reef patches.
Coral reefs,
mangroves (tidal
swamp) and
beaches.

14

Curlew Island Sanctuary,
Middle Andaman
Area: 0.03 km2
Year of Declaration: 1987

Ever green
Forests

Coral reefs

15

Mangroves Island

Mangroves.

There is coral

11

12

13
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Evergreen
forest and
beaches.

Ever green
Forests

Marine fauna
including corals and
associates, sea
snakes, turtles,
saltwater crocodiles
etc.,
Marine fauna
including corals and
associates, sea
snakes, turtles,
saltwater crocodiles
etc.,
Marine fauna
including corals and
associates, sea
snakes, turtles,
saltwater crocodiles
etc.,
Marine fauna
including corals and
associates, sea
snakes, turtles, etc.,
Marine fauna
including corals and
associates, sea
snakes, turtles, etc.,
Marine fauna
including corals and
associates, sea
snakes, turtles, etc.,
Corals and
associated marine
life, No reports are
available on the
terrestrial fauna
from this island.
Corals and
associated marine
life, No reports are
available on the
terrestrial fauna
from this island.
Mangrove
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16

17

19

20

21

22

23

24

25

26

Sanctuary (Middle
Andaman) Andaman
Area: 0.39 km2
Year of declaration: 1987
Ross Island Sanctuary,
North Andaman
Area: 0.01 km2
Year of Declaration: 1987
Sandy Island Sanctuary
(South Andaman)
Andaman
Area: 1.58 km2
Year of declaration: 1987
Table (Delgarno) Island
Sanctuary
Area: 2.29 km2
Year of Declaration: 1987

growth fringing on associated marine
the south and west life - crabs, fishes
sides of the island. etc.,
Evergreen
Forests

Coral reefs are
found on the
lagoon side and
on the North.
Sandy stretches,
Partly submerged,

Corals and
associated marine
life,

Coral reefs are
found on the bay
side and on the
South and Eastern
side of the Island.
Coral reefs.

Corals and
associated marine
life.

Beaches and
creek.

Coral Reefs.

Evergreen
forest,
mangroves.

--

Sea turtles,
reticulated python,
dugong, crab eating
macaque and
Nicobar megapode.
Leatherbackd turtle,
salt water crocodile.

Evergreen
Forests,
Littoral
Forests and
Mangroves.

Mangroves cover
almost all the
islands except a
small patch of
other flora in the
centre.
Mangroves cover
the entire island

Mangrove
associated marine
life - crabs, fishes
etc.,

Has coral reefs,
mangroves,
seagrass
ecosystems.
Surrounded by
beautiful beaches
and coral reefs.

No reports are
available on the
terrestrial fauna
from this island
Corals and
associated marine
life.

Sandy island
area.

Evergreen
Forests

Table (Excelsior) Island
Sancturay
Area: 1.69 km2
Year of Declaration: 1987
Cuthbert Bay Sanctuary
(Middle Andaman)
Andaman
Area : 5.82 km2
Year of declaration: 1987
Galathea Bay Sanctuary,
Great Nicobar
Area: 11.44 km2
Year of declaration: 1987
Parkinson Island
Sanctuary (Middle
Andaman) Andaman
Area: 0.34 km2
Year of declaration: 1987

Evergreen
Forests

Blister Island Sanctuary
(North Andaman)
Andaman
Area: 0.26 km2
Year of declaration: 1987
North Brother Island
Sanctuary, Andaman
Area: 0.75 km2
Year of declaration: 1987
South Brother Island
Sanctuary, Andaman
Area: 1.24 km2

Mangroves.
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Littoral
forests and
Evergreen
forests
Littoral
forests and
Evergreen

Marine life, crabs
and birds.

(the same as above
applies)

Mangrove
associated marine
life - crabs, fishes
etc.,
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Year of declaration: 1987
Clyde Island Sanctuary,
Andaman
Area: 0.54 km2
Year of declaration: 1987
Defence Island Sanctuary,
Andaman
Area: 10.49 km2
Year of declaration: 1987

forests
Littoral
forests and
Evergreen
forests
Evergreen
forests and
Littoral
forests.

Kyd Island Sanctuary,
Andaman
Area: 8.00 km2
Year of declaration: 1987
James Island Sanctuary,
Andaman
Area: 2.10 km2
Year of declaration: 1987

Evergreen
forests and
Littoral
forests.
Evergreen
forests and
Littoral
forests.

40

Stoat Island Sanctuary,
Andaman
Area: 0.44 km2
Year of declaration: 1987

Evergreen
forests and
Littoral
forests

41

Bluff Island Sanctuary,
Andaman
Area: 1.14 km2
Year of declaration: 1987

Evergreen
forests and
Littoral
forests.

42

Cone Island Sanctuary,
Andaman
Area: 0.65 km2
Year of declaration: 1987

Evergreen
forests and
Mangroves

Extensive
mangrove patches
on the west coast
of the Island.

43

Hump Island Sanctuary,
Andaman
Area: 0.47 km2
Year of declaration: 1987

Evergreen
Forests.

Surrounded by
beaches and
shallow lagoons.

27

28

29

30
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Extensive
mangrove growths
around the island.
On the east and
south east side of
the island has
mangrove forests.
The Northern side
with sandy
beaches and coral
reefs.
The leeward side
has mangroves
and the seaward
side has corals
Mangroves

Corals may be
available given the
room for oceanic
or open water
circulation in the
north.
Surrounded by
extensive coral
reefs, Sandy
patches / bars, reef
lagoons etc.

Mangrove
associated marine
life - crabs, fishes
etc.,
Coral reef and
Mangrove
associated marine
life. No reports are
available on the
terrestrial fauna
from this island
(the same as above
applies)

Mangrove
associated marine
life - crabs, fishes
etc., No reports are
available on the
terrestrial fauna
from this island
No reports are
available on the
terrestrial fauna
from this island

Corals and
associated marine
life. No reports are
available on the
terrestrial fauna
from this island
Mangrove
associated marine
life - crabs, fishes
etc., No reports are
available on the
terrestrial fauna
from this island
No reports are
available on the
terrestrial fauna
from this island.
Marine life, crabs
and birds.
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44

Sea serpent Island
Sanctuary, Middle
Andaman
Area: 0.78 km2
Year of declaration: 1987

Ever green
Forests and
Littoral
Forests

45

Snake Island - 1
Sanctuary, Middle
Andaman
Area: 0.73 km2
Year of declaration: 1987

46

Spike Island –1 Sanctuary,
Middle Andaman
Area: 0.42 km2
Year of declaration: 1987

47

Roper Island Sanctuary,
Middle Andaman
Area: 1.46 km2
Year of declaration: 1987

About ¾ of
the island
contains
mangroves
and marshy
lands.
Extensive
mangrove
and swampy
areas
surround
island
Evergreen
forests

48

Ranger Island Sanctuary,
Middle Andaman
Area: 4.26 km2
Year of declaration: 1987

Mangroves
and littoral
forests.

49

Spike Island -2 Sanctuary,
South Andaman
Area: 11.70 km2
Year of declaration: 1987

Evergreen
forests

50

Entrance Island Sanctuary,
Middle Andaman
Area: 0.96 km2
Year of declaration: 1987

Evergreen
forests

The island is
surrounded by
mangroves, and
sand bars.

51

Gander Island Sanctuary,
Middle Andaman
Area: 0.05 km2
Year of declaration: 1987

Evergreen
forests

Mangroves
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Mangrove
stretches are
found on the east
of the Island
covering almost
half of the island.
A small exclusively
terrestrial patch is
found on the west
of the island.

Marine life including
sea snakes

The north side has
beaches.

Mangrove
associated marine
life - crabs, fishes
etc.,

Extensive
mangroves
surrounding the
land part of the
Island.
This sanctuary is a
cluster of 2-3
islands, which are
surrounded by
extensive
mangroves.
A small strip of
mangrove is found
along the east side
of the island. The
western side has
beaches.

No reports are
available on the
terrestrial fauna
from this island.

Mangrove
associated marine
life - crabs, fishes
etc., and sea snakes

Mangrove
associated marine
life - crabs, fishes
etc.,

No reports are
available on the
terrestrial fauna
from this island.
Mangrove
associated and other
marine life.
No reports are
available on the
terrestrial fauna
from this island.
Mangrove
associated and other
marine life.
No reports are
available on the
terrestrial fauna
from this island.
Mangrove
associated and other
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marine life.
No reports are
available on the
terrestrial fauna
from this island.
Mangrove
associated and other
marine life.
No reports are
available on the
terrestrial fauna
from this island.
Corals and
associated marine
life.

52

Shearme Island Sanctuary,
North Andaman
Area: 7.86 km2
Year of declaration: 1987

Evergreen
forests

Surrounded by
mangroves and
wide beaches.

53

East Island sanctuary,
North Andaman
Area: 6.11 km2
Year of declaration: 1987

Evergreen
forests,
beaches.

54

West Island Sanctuary,
North Andaman
Area: 6.40 km2
Year of declaration: 1987

Littoral
Forests

Beautiful reefs
surround the
western part of the
Island. Despite the
damages caused
by the seismic uplift in Dec 2004,
the reef is in a very
healthy state.
Extensive beaches
surround the
island. A small
patch of Mangrove
exists on the south
west of this Island.

55

Bennet Island sanctuary,
middle Andaman
Area: 3.46 km2
Year of declaration: 1987

Littoral forests

56

Buchanan Island
Sanctuary, Middle
Andaman
Area: 9.33 km2
Year of declaration: 1987
Swamp Island Sanctuary,
middle Andaman
Area: 4.09 km2
Year of declaration: 1987
Interview Island Sanctuary,
middle Andaman
Area: 133.00 km2
Year of declaration: 1985

~50% of the
sanctuary
area is
covered with
mangroves.
~80% is of
mangrove or
marshy area

Littoral forests

Mangrove
associated marine
life.

Mangrove
island,

--

Mangrove
associated marine
life.

Evergreen
forests

Coral and
Mangroves

Mammals – Indian
elephant (feral), wild
boar, spotted deer,
Dog
(domestic/feral);
Reptiles - Salt water
crocodile, sea turtle
(Hawksbill), Water
monitor; Chestnut
headed bee-eater.

57

58
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No reports are
available on the
terrestrial fauna
from this island.
Mangrove
associated and other
marine life.
Mangrove
associated marine
life.
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59

Narcondam Island
Sanctuary, North East of
Andaman Island
Area: 6.81 km2
Year of declaration: 1977

Evergreen,
Moistdeciduous,
littoral and
Mangrove
forests and
swamps

Possible existence
of coral reefs in
the peripheries.

60

Jungle Island Sanctuary,
North Andaman
Area: 0.52 km2
Year of declaration: 1987
Mayo Island Sanctuary,
North Andaman
Area: 0.10 km2
Year of declaration: 1987

Evengreen
forests

Mangrove

Sandy bars
and beaches

--

62

Point Island Sanctuary,
North Andman
Area: 3.07 km2
Year of declaration: 1987

Evergreen
and littoral
forests

No reports are
available on the
fauna of this island.
Coral and associated
marine life.

63

Arial Island sanctuary,
South Andaman
Area: 0.05 km2
Year of declaration: 1987

Littoral
forests

64

Belle Island sanctuary,
South Andaman
Area: 0.08 km2
Year of declaration: 1987
Bingham Island sanctuary,
South Andaman
Area: 0.08 km2
Year of declaration: 1987
Duncan Island sanctuary,
South Andaman
Area: 0.73 km2
Year of declaration: 1987

Mangrove

Coral reefs - this
island has exposed
sandy and coral
reef terrace almost
¾th of the
island’s size.
An intertidal
stretch (sandy or
muddy) is
connecting this
island to a
mangrove patch in
South Andaman.
--

Evergreen
Forests and
Mangroves

The island has
mangrove zones in
the fringes.

Ever green
forests,
swamps

East or Inglis Island
Sanctuary, south
Andaman

Evergreen
and littoral
forests

Coral reefs.
The shallow water
body in this island
extends to a
maximum width of
0.24 kms from the
shore.
Extensive reefs are
found surrounding
the island. The reef

No information is
available on the
Fauna and flora of
this island sanctuary
Corals and
associated marine
life

61

65

66

67
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Narcondum hornbill
(endemic to this
island) and ~38
species of birds;
Reptiles – Banded
Gecko, Dwarf Gecko,
Emerald Gecko,
water monitor, Sea
snake
No reports are
available on the
terrestrial fauna
from this island.
No reports are
available on the
fauna of this island

No information is
available on the
Fauna and flora of
this island sanctuary,
and the marine area.

Mangrove and
associated marine
life.

No reports are
available on the
fauna of this island.
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Area: 3.55 km2
Year of declaration: 1987
68

Montogemery Island
Sanctuary, South
Andaman
Area: 0.21 km2
Year of declaration: 1987

Littoral
forests.

flat in the the east
is at a distance of
0.25 km.
Shallow reef
extending to 0.8
km in the North
East of this island
and the
continuation of it
towards south of
this island.

Corals and
associated marine
life
No reports are
available on the
terrestrial fauna
from this island.
Corals and
associated marine
life.

3. Endangered animals, including turtles and marine mammals
The Wildlife (Protection) Act
enacted on 9th September,
1972 is a legislation to provide
for the protection of (wild
animals, birds andplants) and
for
matters
connected
therewith
orancillary
or
incidental thereto. This Act
extends to the whole of India,
except the State of Jammu and
Kashmir. Wildlife (Protection)
Act shall come into force in a
State or Union Territory to
which it extends, on such date
as the Central Government
may, by notification, appoint,
anddifferent dates may be
appointed
for
differentprovision of this Act
or for different States or Union
Territories.
The
Wildlife
(Protection) Act, 1972 and
Wildlife
Protection
Amendment Act, 1991 is
intended
to
provide
a
comprehensivenational legal
framework
for
wildlife
protectionwith two pronged
conservation strategy as a
partof environmental mandate
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of the country with amajor goal, such as Specified endangered speciesare protected
regardless of location and allspecies are protected in specified areas. In essence the Act
prohibits the hunting ofwildlife, protects their habitats, and restrains tradein wild animals and
trophies etc. The Ministry of Environment, Forests and Climate Change, Government of India
frames the guidelines and the implementation authorities are the Wildlife Advisory Board,
Wildlife Wardens and their staff of the stategovernment for effective implementation.
The Wildlife Protection (Amendment) Act, 2002 has come into operation with effect from1st
April, 2003. It is a comprehensive revision of the Wildlife Protection Act, 1972, based on aset
of recommendations suggested by an Expert Committee which, working since 1997 came up,
after analyzing the ground realities, with workable strategies for future. There is asignificant
shift in the approach for conserving our forest and wildlife for the benefit of our current as
wellas future generations. While the interest of thecommunities living in and around the
forests has been safeguarded to the extent that theirown survival on ecosystem based
productivity isensured, the attempts to commercialize their resource base are discouraged.
National Parks and Wildlife Sanctuaries developed over the past decades of wildlife
conservation in India have been given due respect as benchmark samples of the Biogeographic regions, to be preserved for their gene pool reserves, while new concepts in the
form of Conservation Reserves and Community Reserves have been introduced to pave a
way for peoples’ involvement in conservation of wildlife and their habitats. Concern about
the deprivation of local people through activities that benefit mainly the people residing in
distant places is reflected in the regulations set down for commercial activities like tourism,
mining, and other development activities like diversion of water from the rivers etc. On one
hand inits new form the Act accommodates concerns of the local people for enjoying
benefits within ecologically sustainable limits from the natural resource at their door-step,
and on the other it also incorporates measures to make protection of India’s biodiversity
an achievable goal. The interface between forest personnel and the people is indeed the key
to the achievement of the desired goals for sustainable conservation ofnatural resources. The
Indian Wildlife Protection (Amendment) Act, 2002, thus strives to provide aregulatory
mechanism that is not antipeople but a need based intervention in the overall nationaland
social interest.
According to series of notifications issued under the Wildlife (Protection) Act, 1972, by
Ministry of Environment, Forests and Climate Change, Government of India, so far 796
species of marine fauna belonging to eight Phylum viz. Poriferea, Coelentrata, Arthropoda,
Mollusca, Echinodermata, Pisces, Reptilia and Mammalia are protected under the legislation
as their natural population is in depleting mode. The number of species falls under the
different category of the Act is summarized below.
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Sponges: Sponges inhabit a wide variety of marine andfreshwater systems and are found
throughout tropical, temperate and polar region. Their habitat range from intertidal to the
depth of 6000 m. Approximately 8500 sponge species were described and of them occur in
marine environments. The total number of described species represents less than 5% of all
described sponges, partially due to a bias in taxonomic effort. Four hundred and fifty four
species are reported from India, of which, 319 species are from Gulf of Mannar and Palk Bay,
82 species are from Lakshadweep. 10 species are from Kerala and Karnataka coast, 35 species
are from Andhra and Orissa coast and 86 species are from Andaman and Nicobar Islands.
The sponges are unique group of organisms although multi cellular they lack tissue grade of
construction. Most of them are sedentary or immobile as adult. These invertebrates do not
have nervous, digestive or circulating system. They rely on constant water flow through their
bodies to obtain food, oxygen and to remove waste. Animals such as crabs, starfishes and
worms some times live inside sponges, but hardly manage to settle and grow on their
surface, because sponges produce some chemicals todiscourage predators. The skeleton of
calcareous sponges possesses calcium carbonate. The skeleton is composed of free diactine,
triactine, tetractine and/orpolyactine spicules, to which can be added a solidbasal calcitic
skeleton with basal spicules either cemented together or completely embedded
inenveloping calcareous cement. Calcarea are sponges with a reputation for being obscure
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and taxonomically difficult. All these calcarean species viz. Leucandra donani var. tenuiradiata
Dendy, 1916; Leucandra dwarkaensis Dendy, 1916; Leucandra wasinensis (Jenkin, 1908);
Leuconia johnstoni (Carter, 1871); Ute syconoides (Carter, 1886); Grantessa hastifera (Row,
1909); Heteropia glomerosa (Bowerbank, 1873); Sycon grantioides Dendy, 1916 are
protected under Schedule I category of Indian Wildlife (Protection) Act, 1972.
Hard Corals: Corals are animals under the class Anthozoa that construct community
structure in marine environment in the form of coral reefs. Corals can be seen in the form of
compact brain like organization, found in areas of high wave energy, heavy branching and
plate corals in deeper water, off the reef edge, to smaller finely branched corals found
behind the reef crest and in the lagoon. Regional development coral reefs can be
categorized into four main types: atolls, barrier reefs, platform reefs, and fringing reefs. It is
some what ironic that coral reefs, among the richest ecosystems on the planet in terms of
biodiversity. Coral reefs are distributed throughout the world in countries and covers an
estimated 6,00,000 sq km, yet they make up only one-tenth of one percent of the total ocean
area. Still this small region is home to approximately one-fourth of all marine species of the
world. More than 500 million people worldwide depend on them for food, storm protection,
jobs, and recreation. Their resources and services are worth an estimated 375 billion dollars
each year, yet they cover less than one percent of the Earth’s surface. Unfortunately, many
of the world’s coral reefs have been degraded, mainly due to human activities. According
to the Status of Coral Reefs of the World: 2004, 70% of the worlds’ coral reefs are
threatened or destroyed, 20% of those are damaged beyond repair. Climate change is now
recognized as one of the greatest threats to coral reefs world wide. While a changing climate
brings many challenges to coral reefs, one of the most serious and immediate threats is from
mass coral bleaching associated with unusually high sea temperatures. Both the human as
well as natural threats have been playing the role towards the destruction of world coral reef
biodiversity in a gradual step. Though India is a peninsular land mass with a coastline of
8,118 km, but coral reefs can be found at very limited areas of main land associated
continental shelf such as Gulf of Kachchh, Gulf of Mannar and Palk Bay and recently there is a
report of scattered coral reefs of Gopalpur-on-Sea. Most of the coral reefs diversity is
restricted to Lakshadweep (atoll) and Andaman and Nicobar Islands (in the form offringing
and barrier). With the extensive efforts, nearly 430 species of scleractinian corals were
reported from Indian waters. Government of India has also set-up a National Committee to
protect and manage the coral reefs sites and has included the corals in the Schedule-I list of
the Wild Life (Protection) Act, 1972 to provide them legal protection from the human threats.
Gargonians: The gorgonians popularly called as sea fans and sea whips are marine sessile
coelenterates with colonial skeleton and living polyps. They are exceptionally productive and
a valuable natural asset. Most of the animals grow in a reticulate pattern and the branches
divide in one plane giving the shape of a fan. The gorgonian skeletonis composed of two
parts, an outer cortex containing loosely arranged calcareous sclerites and an inner medulla
with a solid axis made of calcareous or horny matter with or without the addition of
calcareous sclerites. Based on the arrangement of the skeleton, the Order Gorgonacea is
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divided into three suborders namely Calcaxonia, Holaxonia and Scleraxonia. In India all
gorgonians are included under Schedule I of Wildlife (Protection) Act 1972). About 79
species of gorgonians from 34 genera and nine families have been reported in India. Among
them 58 species reported from Andamanand Nicobar Islands, 18 species from Gulf of
Mannar, eight species from Chennai coast, 14 species from Cape Camorin coast, 12 species
from North East coast, 11 species from North west coast (Mumbai), two species from Kerala
and two species from Nagapattinam coast.
Arthropoda: The arthropods have a special place in the fisheries sector which occupies a
unique status in the national economy and provide employment opportunities and food and
nutritional security tothe growing population in the country. In the last 50 years, production
has increased substantially and contributes much to the GDP and the export earnings have
been significant in particular due to the contribution of crustacean as shrimps, lobsters and
crabs. Therefore, these resources are heavily fished without any thinking regarding the
sustainability of these resources. Three species of marine crustaceans in India needs
protection from being over exploited and are put under the Scheduled category of the
Wildlife (Protection) Act, 1972. Two such animals are horseshoe crabs and Robber crabs.
Horseshoe crabs Tachypleus gigas (Müller, 1785) and Carcinoscorpius rotundicauda (Latreille,
1802) are under Schedule IV category of Wildlife (Protection) Act, 1972. Both of them lives
primarily in and around shallow ocean waters on soft sandy or muddy bottoms. They will
occasionally come on shore for mating. Though Orissa coast is reported tobe the major
breeding ground of the horse shoe crab, except for the 35 km of the Gahirmatha coast in the
Bhitarkanika Wildlife Sanctuary, other important nesting sites of horseshoe crabs such as
Balaramgadi, Chandipur, Hukitola etc. are not protected and requires some form of
protection at least during the breeding season. The coconut crab Birgus latro (Linnaeus,
1767) Schedule I category of Wildlife (Protection) Act, 1972 is a species of terrestrial hermit
crab, also known as the robber crab. It is the largest land-living arthropod in the world. Like
hermit crabs, juvenile coconut crabs use empty gastropod shells for protection, but the
adults develop a tough exoskeleton on their abdomen and stop carrying a shell.
Molluscs: The molluscs are soft-bodied, heterogenous group of animals with great antiquity
and diversity. The beginning of the 20th century is the most productive and significant period
in the history of Indian malacology, with the Zoological Survey of India, Central Marine
Fisheries Research Institute and several maritime universities contributing immensely to the
knowledge of the molluscan fauna. In India, till today, 5070 species of mollusca have been
recorded of which 3370 species are from marine habitats (Venkataraman and Wafar, 2005).
Out of the 80,000 to 100,000 species of molluscs recorded from various parts of the world,
from India a total of 3670 numbers of the molluscs are known to occur, of which 1900 are
gastropods, 1100 are bivalves, 210 are cephalopods, 41 are polyplacophores and 20 are
scaphopods (Subba Rao, 1998). Oysters, mussels, clams, pearl oysters and chank are the
important molluscs exploited in India from time immemorial. Other gastropods and bivalve
fisheries are of sustenance nature and are used for edible purpose, source of lime, as
decorative shells or for industrial purpose. Though the molluscs sustain regular and very
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productive fisheries in our waters, only a few of the mussels, clams and oysters are now
generally eaten and even these are poor man's food. Indiscriminate fishing from natural bed
may leadto depletion of stock of most of the molluscan resources. Though our country is
bestowed with rich molluscan resources, in some areas these resources are indiscriminately
exploited which is leading to depletion of stock. High species richness is found in the
Andaman and Nicobar Islands on the East coast and Lakshadweep atoll on the West coast.
Several species of Indian mollusks are well-known for widely being used as food, ornaments,
and decorative items including use in clothing, pharmaceuticals and in the lime industry.
Enormous growth of human population has converted man from their primitive mode of
hunter-gatherer to the current status of over exploiter. Over exploitation of living resources
for food and trade has caused large scale depletion of the bio-resources and there by
threatening many species towards extinction. The population status of many species is
unknown and hence they are included under the Red List of IUCN. Government of India has
included 24 species of molluscs under Schedule-I and IV of the Wild Life (Protection) Act,
1972 to protect and conserve these animals. Three of these species are given protection
against international trade by placing them under Appendix-II of CITES. Collection or hunting
of schedule mollusks from wild, keeping them in custody in any form, their trade and
marketing of articles made from them, attract punishment or fine or both as per law.
Holothurians: One of the five extant classes of echinoderms, the Holothuroidea represents a
highly diverse group with about 1,400 species of sea cucumber recorded from oceans
around the world, from the intertidal and shallow seas to abyssal depths. Of the 763 species
of echinoderms recorded from India, 160 species classified under 14 families and 52 genera
are represented by Holothurians. In many parts of the world including India, Holothuroids
are commercially fished and heavily exploited for food, and many species are ideal sources of
bioactive compounds. Detailed studies are warranted on Holothurians primarily due to their
prominent role in marine ecosystem. According to the Wildlife (Protection) Act of India, 1972,
all holothurians are categorized under the Schedule I species as they are present in extreme
line of extinction.
Fishes: Fishes comprise about half the total number of
vertebrates. The number of estimated living fish species
is about 32,969 in the world. Day has described 1418
species of fish under 342 genera from the British India
(Day, 1889). The distribution of marine fishes is rather
wide and some genera are common to the Indo-Pacific
and the Atlantic regions. 57 percent of the Indian
marine fish genera are common to the Indian Ocean
and to the Atlantic and Mediterranean. The exact
number of species associated with coral reefs in Indian
Ocean is 1367 species. Lakshadweep has a total of 603
species of fishes. Over 1400 species are found in the
Andaman and Nicobar Islands and about 538 in the Gulf of Mannar Biosphere Reserve.
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In India a total of 10 chondrichthian fishes are protected by law and are included in the
ScheduleI category of Indian Wildlife (Protection) Act, 1972. Apart from this a species of
grouper and all the sea horses (Syngnathids) and Pipe fishes are also protected under
Schedule 1 category.
Reptiles: Reptiles are cold-blooded animals found
inalmost all the parts of the world, except the Polar
Regions. In India, all the three living orders ofreptiles
have their representatives –Crocodylia (crocodiles),
Testudines (turtles and tortoises) and Squamata
(lizards and snakes). The diversified climate, varying
vegetation and different types of soil in the country
form a wide range of biotopes that support a highly
diversified reptilian fauna. A total of 555 species of
reptiles which includes three species of crocodiles, 34
species of turtles and tortoises, 202 species of lizards
and 316 species ofsnakes belonging to 28 families
recorded till datefrom India. Among them all
thespecies of sea turtles and the saltwater crocodileare protected under the Schedule I
category ofIndian Wildlife (Protection) Act, 1972.
Mammals: Marine mammals belong to three orders Cetacea, Carnivora and Sirenia. A little
over 120 species are estimated to occur in the world and of these 40 are reported from
Indian Ocean. Twenty six species of marine mammals belonging to the order Cetacea and
Sirenia are reported from Indiann waters. However, a majority of these are oceanic forms and
occasionally a few individuals may get stranded on the shore. Sea cow, Dugong dugon
occurs in near shore waters of Gulf of Mannar, Gulf of Kachchh and Andaman and Nicobar
Islands. Dolphins and some of the whales are reported to live or breed in tropical waters.
Humpbacks are occasionally seen near shore waters. All the species of marine mammals in
India are protected under Schedule-I of the Wildlife (Protection) Act, 1972.
4. Importance of protected areas
Encircled by the Indian Ocean to the south, the Arabian Sea to the southwest and the Bay of
Bengal to the south-east the coastline of India extends over a length of 7,517 km of which
the peninsular coast of the mainland accounts for 5,423 km and the coastlines of Andaman,
Nicobar and Lakshadweep Islands makeup the rest of 2,094 km. India has the world’s 0.25
% coastline but 11+% of the world’s coastal population, an estimated 63+ million people
and 20% population of the country. There are 77 coastal cities including Mumbai, Kolkata,
Chennai, Vishakhapatnam and Kochi. The coastal and marine ecosystems contribute 10% of
India's GDP. Marine ecosystems signify sources of food, fisheries being the mainstay. Besides
they provide numerous ecosystem services.
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The protected areas are regarded as corner stones of biodiversity conservation. Creation of a
sound network of Protected Areas is regarded as the best and only practical way for in situ
conservation of biodiversity in species rich countries. Protected areas are critical for the
conservation of residual tropical forest biodiversity. These protected areas are considered to
have some of the highest wildlife values in the Andaman and Nicobar Islands. They also
protect some of the most spectacular scenery. The protected areas contribute to the
protection of biodiversity and are integral to the conservation of wildlife populations, plant
communities and biodiversity.
Marine Protected Areas (MPA) provides a range of benefits for fisheries, local economies and
the marine environment including:

•
•
•
•
•

Conservation of biodiversity and ecosystems;
Arresting and possibly reversing the global and local decline in fish populations
and productivity by protecting critical breeding, nursery and feeding habits;
Raising the profile of an area for marine tourism and broadening local economic
options;
Providing opportunities for education, training, heritage and culture; and
Providing broad benefits as sites for reference in longterm research.

Centres of dispersal: MPAs can provide reservoirs of genetic material for the natural or
assisted recovery of areas affected by pollution, by overfishing or natural causes. Natural
refuges in the ocean have long provided an in situ reservoir of genetic material. These
natural refuges were once areas that were too remote or too difficult to fish, but they are
now being rapidly lost with advances in fishing techniques.
Repairing damage: MPAs with undisturbed marine biodiversity and ecosystems are
particularly important in the search for effective methods to mitigate damage and restore
damaged ecosystems. Marine protected areas with core ‘no-take’ reserves can play an
important role in arresting and possibly reversing the global and local decline in fish
populations and productivity. For fisheries, MPAs generally can be considered to provide
four basic benefits:
1. support for stock management, including:
a. protection of specific life stages (such as nursery grounds);

protection of critical functions (feeding grounds, spawning
grounds); - provision of spillover of an exploited species; and
c. provision of dispersion centres for supply of larvae to a fishery.
2. improved socio-economic outcomes for local communities;
3. support for fishery stability; and
4. ecological offsets
b.

a.
b.
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better understanding of impacts and options.
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Ecological offsets: There is often conflict between development and protected areas even
though marine protected areas provide benefits to both fisheries and conservation. Recent
technical reviews have consistently identified the high potential value of MPAs, and
specifically ‘no-take’ reserves, for fisheries management purposes. Increasingly, fisheries
operate in communities where concern at long-term decline in productivity, environmental
damage and the adverse impacts on other users and interest groups is a matter of political
and economic sensitivity.
MPAs and tourism: Tourism is now a primary source of income in India and frequently
exceeds the value, particularly the foreign currency value, of marine fisheries.
Benefits of MPAs: While the benefits of MPAs for fisheries are generally understood, the
value of marine ecosystem services, including waste assimilation, coastal protection, flood
management and provision of critical environmental requirements for fished species, is often
unrecognised. Marine protected areas can help to ensure continuity and future options for
those benefits by protecting the health of marine ecosystems.
For example, the ecosystem services of coral reefs include shoreline protection, sediment
production, and sediment retention. There they may foster the growth of mangrove forests
and seagrass beds, which in turn also assist shoreline protection and produce ecosystem
goods in the form of seafood products. It is now understood that the physical structure of
coastal and marine habitats can play a crucial role as the spawning and nursery grounds
supporting many fisheries. Similarly increasing understanding of the defence mechanisms of
marine plants and animals is revealing an array of marine biochemical compounds, some of
which have been identified as having value as sunscreens, anti-viral, antiinflammatory or
related medicinal applications.
More recently the oceans have been found to support an entire set of ecosystems that are
independent of carbon produced from the sun’s energy (the sulphur-based geothermal
vent fauna) where rare-earth minerals are also concentrated. The full potential of these
discoveries has yet to be realised.
Coastal and marine ecosystems contribute to beach and shoreline stability, assimilate and
process wastes and contribute to the quality of life of coastal people. A wide range of goods
and services can be provided by these ecosystems, many representing options for possible
future uses and benefits.
Education: Marine protected areas are important because they provide opportunities for
people to experience and study marine plants and animals that are undisturbed by fishing
and other impacts. They can thus become places where people can observe and compare
with the impacts from disturbance.
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Training: A further important educational role of MPAs is in the training of resource
management staff. Typically most staff comes from backgrounds with little exposure to the
nature and values of marine plants, animals and ecological processes. Marine protected
areas with education facilities also play an important role in tourism through providing
training, support and information for local people involved in the tourist industry.
MPAs and research: Research baselines or reference sites MPAs protecting representative
samples of biodiversity provide broad benefits as sites for reference in long-term research.
This may involve the understanding of marine ecosystems and ecosystem services,
developing and evaluating techniques for sustainable management and exploring options
for new forms of use. The slow and incremental changes caused by human activities and
natural events can be difficult to measure. Without reference sites the value of comparisons
is limited. ‘No-take’ reserves provide a crucial means for establishing points of reference
to assess human and other impacts on adjacent marine environments.
Understanding climate impacts: The oceans are experiencing the effects of a gradually
changing climate. This is evident in the trend to warmer average surface ocean temperatures,
and in the increased number of extreme temperature and storm events affecting the ocean.
Planning to cope with these changes requires the ability to predict how the oceans’
ecosystems will respond. Measurements of long-term changes from researching MPAs are
the main way that the changes in biodiversity can be determined. Research and monitoring
tools Sustainable use of marine resources requires detailed knowledge of the oceans’
biodiversity.
5. Environmental Impact Assessment report & Impact assessment

The following are the broad structure of presentation of Environmental Impact
Assessment document:
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
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Introduction
Project Description
Analysis of Alternatives (Technology and Site)
Description of the Environment
Anticipated Environmental Impact & Mitigation Measures
Environmental Monitoring Program
Additional Studies
Introduction
Project Benefits
Environmental Cost Benefit
Analysis
Environmental Management Plan
Summary & Conclusion
Disclosure of Consultants engaged.
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General Environmental components to be considered in presentation of Environmental
Impact Assessment document general to the ports and harbor projects are:
(a) Land
(b) Water-ground water, surface water
(c) Marine
(d) Air and meteorological
(e) Noise
(f) Biological
(g) Socio-economic and occupational health
(h) Solid waste and
(i) Public utilities.
It is highly necessary to assess the baseline data of the environmental components while
prepoaring the EIA reports. As a primary requirement of EIA process, it is mandaroty to
collect baseline data in the project area as well as in the study area, which is likely to be
affected by the project activity.
Study Area: As a primary requirement of EIA process, the proponent should collect primary
baseline data in the project area as well as the area falling within five km from the proposed
project boundary and secondary data should be collected within 15 km aerial distance from
the project boundary, as specifically mentioned at part 9 (III) of Form I of EIA Notification
2006. The study areas mentioned in this document should be considered for guidance
purpose but the exact study area for different environmental attributes (water, air, noise, soil
etc) is to be submitted considering the proposed activities and location, along with proper
reasoning, for review and approval by the expert appraisal committee.
Land Environment: Port projects require considerable land area for development of cargo
handling areas, transit corridors, citing operational and non-operational buildings, and areas
for ancillaries, utilities including townships. These may result in changes in land use pattern,
for example, change from agriculture, housing, etc., to port related activity also involving
changes in land terrain like cutting of high grounds and hillocks, filling of low lying areas and
reclamation effecting drainage patterns as well. In the event land acquisition from either
public or private sources is involved, justification for the proposed extent of the area to be
necessarily given. Availability of land for earmarking for the port activity without causing due
hardship to local habitat and their socio cultural and economic aspects is very important.
Availability of required land for acquisition is to be ascertained from local authorities,
revenue records etc. Land use of the proposed project site and the adjacent areas should be
ascertained from the existing approved master plans, if any and from the revenue records.
The environmental sensitivity areas as mentioned at Part 9 (III) of Form I of EIA notification
2006, covering an aerial distance of 15 km from the project boundary should be furnished
along with the aerial distance from the project boundary.
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Areas protected under international conventions, national or local legislation for their
ecological, landscape, cultural, heritage or other related value, Areas which are important or
sensitive for ecological reasons – wetlands, mangroves, watercourses or other water bodies,
coastal zone, biospheres, mountains, forests, Areas used by protected, important or sensitive
species of flora or fauna for breeding, nesting, foraging, resting, over wintering, migration,
Inland, coastal, marine or underground waters, State, national and international boundaries,
Routes or facilities used by the public for access to recreation or other tourist, pilgrim areas,
Defense installations, Densely populated or built-up area, Areas occupied by sensitive manmade land uses (hospitals, schools, places of worship, community facilities), Areas containing
important, high quality or scarce resources (groundwater resources, surface resources,
forestry, agriculture, fisheries, tourism, minerals), Areas already subjected to pollution or
environmental damage (those where existing legal environmental standards are exceeded),
Areas susceptible to natural hazard, which could cause the project to present environmental
problems (earthquakes, subsidence, landslides, erosion, flooding or extreme or adverse
climatic conditions), Demographic profile at project site and within one km from the
boundary should be given. The applicability of General Condition (GC) for categorization (A
or B) of the proposed site should be specifically furnished.
Topography: Land forms, terrain, coastal and inland topography etc., may get affected due
to construction of a port. It may require large scale quarrying, dredging and reclamation,
which may cause changes in the topography. This in turn may affect the drainage pattern of
the land/terrain. Coastline changes like erosion or accretion may be expected due to the
establishment of ports inasmuch as the natural littoral process may be intercepted.
Construction works of port related structures like breakwaters and berths require large
quantities of natural resources like sand, stone aggregates for concrete and stone/ rock
boulders of varying sizes and weights. These may lead to undue exploitation of the natural
resources in the region. Baseline data to be given on description of existing situation of the
land at the proposed project area including description of terrain viz., coastal and inland
topography, coastal features (lowland, beaches, littoral areas, shoal areas), terrain features,
slope and elevation. Study of land use pattern, habitation, cropping pattern, forest cover,
environmentally sensitivity areas etc, by employing remote sensing techniques and also
through secondary data sources. Contour map of the project area and surrounding should
be furnished. The land-use/land cover classification system.
Specific importance should be given to areas close proximity to the project boundary say up
to one km and land use classification and presence of ecologically sensitive areas should be
described in detail, as adjoining areas are more vulnerable for impact.
Geology: Geology of the area is very important to ascertain seismic sensitivity as well as
availability of rocks required for breakwaters where such construction is involved. For port
projects huge requirement of rock is envisaged for construction of breakwaters, which
consume rock of various sizes as obtained from quarries and aggregate for concrete works.
Proximity of good quarries yielding required grades of suitable rock would become as an
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advantage for selecting the location. Baseline data should be provided on rock types, rock
texture and structure, geological conditions, geophysical and morphological details, regional
tectonic setting (fractures/faults, folds, warping etc.), history of volcanic activity, seismicity
and associated hazards, mainly in the coastal area. Information shall also be furnished on the
quarry yields, strengths of rock, distance of quarries from habitat, restrictions for quarrying,
environmental controls, and statutory permits etc., needed.
Soil: Soil data including type, classification, characteristics, soil properties etc., are important
from engineering considerations for design of structures, loading capacities of cargo
stockpiles etc. Changes in parameters of soil also may affect plantation and vegetative
growth, which in turn may endanger the health of local habitat. Baseline data of the soil
ascertained by way of soil investigations carried out is to be provided. Field surveys usually
involve a combination of hand auger boring and drilling over the site in a systematic grid
pattern, with more focus on specific areas of interest. Soil surveys should consider both the
physical and engineering properties of the soil. Soil sampling locations and results should be
given. Soil data in the proposed green belt area to ascertain the suitability for development
greenbelt /mangrove plantation and for rain water harvesting should be covered. In the
offshore areas of the proposed port, it is also necessary to ascertain the geo technical
properties of soil up to a depth of 10 m below the proposed dredged depths where
dredging is involved and up to hard strata where structures are to be sited in the
harbor/coastal waters.
Water Environment: Water environment includes three environmental settings, i.e. ground,
surface and marine. Baseline data with regard to these three environmental settings should
be generated. Central Pollution Control Board (CPCB) has stipulated criteria for raw water
usages, use based classification of surface water and water quality standards for coastal
waters.
Ground Water: Port activities during construction/operation may have impact on
groundwater quality. Due to port construction existing water logging areas may be reclaimed
with dredged soil. Pollutants from dredged soil are likely to enter into the ground water.
Similarly, dredging may affect the existing aquifers and may cause salt-water intrusions.
Breakwater constructions lead to contain the seawater within the harbor limits. This is likely
to increase concentration/sedimentation of pollutants in the harbor area, which may migrate
in time to the neighboring ground water. Also surface water from cargo stacks may percolate
as leachets into the ground and may contaminate the ground water. Baseline data for
ground water quality and details of aquifer are to be established including data of pH,
salinity, dissolved solids, BOD, coliform bacteria and other parameters to be decided based
on the cargo to be handled. The description of water sampling locations and details of
analysis may be given. In case it is proposed to tap the ground water during construction
and or operation stage(s), the same should be quantified, and source of water supply should
be identified. The stress, if any on local ground water availability should be studied and
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comprehensive water demand should be estimated. The salinity along the stretch of the port
should be mapped.
Surface Water: Baseline data of sources of surface water like surface streams, lakes, tidal
inlets, etc., along with their description, present quality is to be provided. The description of
the water sampling locations and analysis values may be given. In case it is proposed to tap
the surface water during construction and or operation stage(s), the same should be
quantified, and source of water supply should be identified. The stress, if any on surface
water availability should be studied and comprehensive water demand should be estimated.
Marine Environment: Coastal Hydrology/Geomorphology: Coastal hydrology requires
collection of oceanographic data during the study period covering the following parameters:
Tides, Waves (wind waves and swells), Storm surges, Currents, Salinity, Sea water
temperature, Suspended load and Seabed bathymetry. Tides move the water to high peaks
usually twice each day and twice a month to much higher peaks. Tidal changes vary
according to geographical location. To predict tidal changes data should be collected for a
period of more than two weeks. It is also possible to estimate tidal parameters from tide
tables published by National Hydrographic Office for many operating ports. Data of currents
i.e., velocity and direction are required to obtain input data for simulation studies and model
studies to estimate tidal flow and dispersion of pollutants. Wave observation is a prerequisite
for reliable prediction of highest waves and littoral drift. Data on high waves is important for
the design of structures and long term wave data is important for analyzing the wave energy
which effects beach erosion and accretion. The period of wave observation should be long
enough to include rough sea conditions. National wave atlas published by National Institute
of Oceanography may be helpful to get deep-water wave data of the regions covered
therein. Survey of depth of sea bottom, littoral drifts distribution of sand particle size is also
necessary for the assessment of shoreline changes. Data of these oceanographic parameters
are normally collected for evaluating engineering feasibility and carry out
preliminary/detailed design as per corresponding criteria/ norms. Summary of such
information shall be furnished in the EIA report in order to appreciate and assess their
impact. As the location of port along a shore and layout of major port structures may affect
the wave, current and sediment transport patterns, accuracy of the data of these
oceanographic parameters is of vital importance in identifying and assessing corresponding
impact. Guidance note for collection of oceanographic data are given in Annexure 6. While
bathymetry is a one-time parameter, oceanographic data such as currents, waves, tides, etc
need to be measured at least for two seasons. Coastal hydrology cited here includes factors
concerning currents, tidal flow, littoral drifts, beach erosion, water drainage, sediment
deposition, groundwater flow, and other physical phenomena in the shore zone. The location
of a port, construction of breakwaters and capital dredging may cause changes in current
patterns and littoral drifts. The change of littoral drifts may lead to erosion or accretion in
shore zones. The creation of the port may cause changes in river flow and water front
drainage. A study on likely changes in littoral drift and sediment transport due to the project
activity should be taken up through modeling. Baseline date of above parameters at the
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project area and the neighborhood areas should be ascertained by proper surveys, frequency
distribution of surface wind, wind direction, frequency of tropical cyclones (depressions,
storms, typhoons) and associated hazards, other atmospheric disturbances, rainfall and
temperature, climatological normal and extremes. Base line data should extend at least to
water depths of more than 10 m of proposed deepening of the harbor approach and basin
as per master plan of the port proposed. Base line data should also include details of existing
mangroves, marshy lands, coastal vegetation, sand dunes, coastal stability, seismic
characteristics, history of any endangered species, coastal erosion, shoreline changes, if any
etc.
Bottom Sediment Contamination: Bottom contamination encompasses many kinds of
contamination of bottom sediments by toxic or harmful substances, oils, oily mixture and
other hazardous materials. Contamination of bottom sediment is often measured by the size
of sediment particles, pH, color, smell, oil and grease, organic materials, and concentration of
organic nitrogen, phosphorus, sulphide, and toxic substances such as heavy metals and
pesticides including toxic components of antifouling paints. Location of a port, construction
of breakwaters and dredging may accelerate sediment deposition in stagnant water behind
structures and cause contamination of the sea bottom. Sediment deposition covers bottom
biota and physical habitat. Baseline date of above parameters at the project area and the
neighborhood areas should to be ascertained by proper surveys.
Sea/Harbor Water Quality: Port activity comprising of construction of breakwaters, berths,
wharfs, jetties and operations like capital dredging, cargo handling, discharges from drainage
rivers, rivulets, estuaries, discharges from ships and maintenance dredging are likely to effect
the harbor water quality. The Breakwater constructions lead to contain the seawater within
the harbor limits. This is likely to increase pollutants in the harbor water. Baseline data on
chemical parameters in the open sea and navigation channel and harbor area of the
proposed port should be ascertained for understanding hydro chemical characteristics in the
marine environment (such as BOD, DO, pH, TSS, salinity, heavy metals etc. The sampling is
generally carried out at 0.1d, 0.5d and 0.9 d where” d” is the depth of water at the
location. The sampling shall be carried both during ebb and flood conditions and during
periods of high and low upstream discharges.
Biological Environment: The baseline status for biological environment should be
established by studying distribution pattern, community structure, population dynamics and
species composition of flora and fauna. Biological environment like water encompasses both
land, coastal and marine habitat and as such field surveys differ widely in the three cases.
Marine/Coastal Ecology: Marine and coastal ecology includes aquatic fauna and flora
composed of a large number of species of bacteria, phytoplankton, zooplankton, benthonic
organisms, coral, seaweed, shellfish, fish and other aquatic biota, terrestrial flora such as
mangroves and wetlands. Loss of bottom habitat and fishery resources are also significant
problems included in this category. The location of a port may affect aquatic fauna and flora
through changes of water quality, coastal hydrology and bottom contamination. Baseline
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data of above parameters at the project area should be ascertained by proper surveys
including mangroves and marshes and other coastal vegetation, sand dunes, coastal stability,
and seismic characteristics. History of any endangered species, coastal erosion, and shoreline
changes, if any. Fisheries activity in the proposed area should be ascertained from the
fisheries department. Survey of aquatic biota should be carried out using different methods,
depending on group of organisms.
Flora and Fauna in the Neighborhood: Details on secondary data on the existing flora and
fauna in the project area as well as with in 15 kms from project boundary, carried out by any
university/institution under the relevant discipline (such as BSI, ZSI, WII, etc) should be
included in the list of flora and fauna along with classification as per schedule given in the
Wild Life Protection Act, 1972 and in the Red Book Data and a statement clearly specifying
whether the study area forms a part of an ecologically sensitive area or migratory corridor of
any endangered fauna. Photograph showing the status of the project site for vegetation
cover, if any, should be furnished. List of flora and fauna issued by the concerned Divisional
Forest Officer should be furnished.
For the projects located within 10 km from the national parks, sanctuaries, biosphere
reserves, migratory corridors of wild animals, a map duly authenticated by chief wildlife
warden showing these features vis-à-vis the project location and the recommendations or
comments of the chief wildlife warden shall be submitted at the stage of EC.
Air Environment - Meteorological Data: Meteorological data covering the following
should be furnished. The data for at least a 10-year period should be presented from the
nearest meteorological station, except for the history of cyclones and tidal surges for which
100-year data should be presented. Wind speed and direction, Rainfall, Relative humidity,
Temperature, and Barometric pressures, History of cyclones, tsunamis, earthquakes,
subsidence etc., Wind Speed and Direction. For preliminary studies, information may be
obtained from the available meteorological records of the area. Recording of velocity and
direction of wind at the proposed site should be obtained by installing continuous and selfrecording anemometers. The data collected should also be correlated with the data available
at places nearest to site. From the data so collected, monthly and yearly wind roses should
be prepared. Obtaining accurate wind data and its interpretation are of importance as wind
acts as an agent to convey soot, dust etc generated both during construction and
operational phases of port activity from project area to neighborhood. Rainfall, Humidity,
Temperature and Visibility Historical data on other parameters like rain fall, temperature,
humidity and visibility of the proposed port area, which is also important and should be
collected. Seasonal changes of climate are associated with the changing monsoons. Data on
rainfall and temperature are very important to plan and design safe operating systems,
equipment, methods etc. Data collected shall be correlated with data available at places
nearest to project site and with recorded data available at the IMD for the region. The length
of periods over which data on various meteorological variables/ parameters should be
compiled may vary considerably. The data on annual average, minimum and maximum
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temperature, rainfall, relative humidity should be provided in the report. History of Cyclones,
Tsunamis, Earthquakes and Subsidence etc., Coastal areas are more subjected to damages
during severe cyclones, Tsunamis and storms. During severe cyclones tsunamis and
earthquakes the sea water levels near shore get increased due to storm surge and set up.
Higher wind velocities tend to increase the incident wave heights. Earthquakes are also
associated with subsidence in the seismic zones. The low-lying coastal areas are thus prone
to inundation and submergence during such cyclonic storms, earthquakes and tsunamis.
Information on cyclonic storms, tsunamis and earthquakes of the region shall be compiled
regarding track of cyclones, the velocity of maximum winds, duration, pressure drop at the
cyclone center and speed of movement of cyclone center can be obtained from the IMD.
Ambient Air Quality Baseline data for the parameters - particulate matter size less than 10ìm
or PM10 ìg/m3, particulate matter size less than 2.5ìm or PM 2.5 ìg/m3, sulphur dioxide
(ìg/m3), nitrogen dioxide (ìg/m3), carbon monoxide (ìg/m3) and heavy metals (keeping in view
of cargo proposed to be handled), extending an area up to five km from the project
boundary should be generated for one season other than monsoon as per the CPCB norms.
The monitoring locations and the results should be presented. Specific importance is to be
attached to areas in close proximity of project say up to one km and areas of habitat,
recreation places and sensitive zones such as schools and hospitals in the neighborhood, if
any. The values shall be compared with National Ambient Air Quality Standards. The number
of monitoring stations can be selected based on the general criteria, duly giving
consideration to the sensitive environmental receptors in the study area.
Noise: Baseline data at the project area and the neighborhood habitat areas is to be
monitored as per CPCB protocol. Noise pollution generated by road traffic, cargo operations,
ship traffic and other port activities also cause nuisances to local people. Hourly monitoring
of noise levels (Leq) should be recorded for 24 hours by using noise level meter for 15
minutes during each hour. Noise standards have been designated for different types of land
use, i.e. residential, commercial, industry areas and silence zones as per the Noise Pollution
(Regulation and Control) Rules, 2000 notified by the Ministry of Environment, Forests and
Climate Change. The noise environment studies can be restricted up to one km from project
boundary or distance to nearest habitation whichever is more.
Socio-economic and Occupational Health: Environment Building or expanding a port often
requires relocation of the local community, sometimes causing conflicts with local people
and may change the cultural traditions of the local community. Oil and oily wastes
discharged from ships may reach nearby beaches and spoil recreational activities, which
cause serious damage to tourism. Ship traffic may disturb pleasure boat cruising and fishery
boat operations. The possibility of accidents in the ship traffic becomes a worry to local
people. Ship calls create many related jobs including pilotage, tug services, stevedoring,
bunkering and crew services; however, they may bring considerable changes in the life style
of local people. Socio-cultural impact includes all kinds of influence on the local community
and people’s life style such as relocation of villages, industrialization, population growth,
and the formation of slums. It may have impact on fisheries. Baseline date of above
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parameters at the project area and the demography, particularly on human settlements,
health status of the communities, existing infrastructure facilities in the proposed area and
area of impact due to the proposed activity should be collected. Information on fish
production, total catch, as well as number of fisherman and their income should be collected.
Description of Environment Present employment and livelihood of these populations,
awareness of the population about the proposed activity should also be included.
Solid and Liquid Waste Disposal: Wastes from construction are mainly spoils generated by
civil construction, dredging. Wastes generated during port operations include oily wastes
such as bilge water, ballast water, washing water, lubricant oil, sewage and garbage, hospital
waste and cargo residues. These waste discharges/spills cause problems of pollution, floating
garbage, unsanitary conditions, odour and other degradation of water quality. Details of
authorized municipal solid waste facilities, sewage treatment plants, biomedical treatment
facilities and hazardous waste disposal facilities in the area are to be ascertained by proper
surveys. This will help the project proponent to ascertain the availability of common
environmental infrastructure facilities or to plan separately. Incase, common environmental
infrastructures are planned for utilization, the adequacy of the same shall be ascertained.
Public Utilities: Transportation of construction material during the construction phase and
cargoes to/from the port during the operations phase of the port may result in excessive use
of existing public infrastructure like roads, railways and in-land waterways etc., resulting in
congestion and early ageing etc. Similarly, public utilities such as water supply, drainage,
electrical power etc may also get undue demand. Base line data of existing public utility
infrastructure shall be ascertained and reported to assess the impact of the project on these
public utilities in order to incorporate desired methods in the EMP and monitor the same
during the construction as well as operational phases of the port. Incase of handling
hazardous chemicals, the existing off site emergency facility system is to be explained. This
will help the project to plan integration with the existing off site emergency facility.
Expansion of Existing Ports and Initiation of New Projects: Ministry of Environment,
Forests and Climate Change had assigned a study to Ministry of Earth Sciences (MoES) for
identifying coastal stretches with regard to erosion/ accretion. Based on the Phase I study
report, expansion of existing ports and initiation of new projects along the coastline could be
considered as per office memorandum dated 3rd November 2009 till 31st October 2010 (same
was kept in the public domain by MoEFCC). MoEFCC had initiated phase II study through
Institute for Ocean Management (IOM) and Integrated Coastal and Marine Area
Management (ICMAM) to identify the shoreline changes at micro level and map them in
atleast 1:25000 scale map. Based on the out come of this study, further stipulations if any,
will be indicated for development of foreshore facilities along the Indian coast.
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6. Various marine activities having impact on marine protected areas and endangered
organisms & mitigation to protect marine protected areas and endangered animals
Protected Areas (PAs) are clearly defined geographical spaces, recognized, dedicated and
managed through legal and other effective means to achieve the long term conservation of
nature with associated ecosystem services and cultural values. The PAs provide a wide range
of social, environmental and economic benefits to the people worldwide. In a rapidly
changing world where natural ecosystems are under severe pressure, the PAs, when
governed and managed effectively, can provide nature based solutions to environmental
problems and serve as integral component of sustainable development. Section 3.3 of the
National Forest Policy, 1988 states, “For the conservation of total biological diversity, the
network of national parks, sanctuaries, biosphere reserves and other protected areas should
be strengthened and extended adequately”.
Presently, there are a total of 726 PAs in the country covering 1.60 lakh sq km i.e., 4.88% of
the geographical area. The table below gives the break-up of various categories of PAs in the
country: Current status of the PA Network in India as on November 2015 (Source: National
Wildlife Database, WII)
Protected Area

Number Total Area (sq km)

% Coverage

National Parks

103 40500.13

1.23

Wildlife Sanctuaries

531 117607.72

3.58

66 2344.53

0.07

26 46.93

0.001

726 160499.31

4.88 3.

Conservation Reserves
Community Reserves
Total Protected Areas

There are several types of coastal ecosystems of India that include:
▪

▪
▪

Inland brackish water wetlands; estuarine wetlands; coastal mudflats and salt
marshes; sand dunes; rocky shores, cliffs and caves; mangrove forests; coral
reefs, sea grass beds and marine areas.
The Andaman and Nicobar Islands represent unique assemblages of plants
and animals with inter-island variation and uniqueness.
There are 18 Coastal and Marine Protected Areas (CMPAs) along and off the
coast of peninsular India and 106 along and around its islands with some
terrestrial habitat components. Within IUCN’s Transboundary PA
Programme included are the Sunderbans Tiger Reserve (with Bangladesh) and
the Gulf of Mannar national park together with the biosphere reserve (with Sri
Lanka). The Sunderbans Tiger Reserve is inscribed as a World Heritage Site
under the World Heritage Convention of UNESCO.
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▪

India also has two coastal/marine Ramsar sites- the Chilika/Nalaban Lake
sanctuary and the Point Calimere sanctuary.

Coral reefs are critical to the fisheries and they protect the coasts from wave action and
erosion; however they are undergoing rapid destruction due to a number of factors including
destructive fishing techniques and reef mining for calcium carbonate production, overfishing
by small boats, siltation as a result of deforestation, sedimentation, marine pollution with
contaminants, sewage and solid waste disposal, fresh water dilution, sub-aerial exposure and
disease; irresponsible tourism such as snorkelling and reef walking. Global warming, the
consequent climate change and rising sea levels are posing an additional emerging and
severe threats to already stressed coral reefs.

Mangroves are effective barriers against cyclones and are important for fisheries. They are
restricted to the intertidal zone along the coasts and provide habitats to a number of species
such as the critically endangered tiger, the Eurasian otter, five species of marine turtles, the
estuarine crocodile and a large number of crustaceans and fishes. As a result of rising sea
levels 7500 ha of mangroves along the shores of India and Bangladesh are lost due to
inundation. Over-exploitation for timber and fuelwood, shrimp culture, inland water
diversion, clearing for development and for other land uses have reduced mangrove extent
and quality significantly.

Seagrass meadows are considered marine equivalent of rainforests in terms of diversity.
These are threatened by turbidity due to sedimentation, excess nutrients from farms and
domestic waste leading to eutrophication, discharge of oil, thermal and chemical effluents
from industries, artificial beach stabilization, and dredging; sea walls and revetments; port,
harbour and jetty development, boating and fishing by dragnets.

Salt marshes are affected by inland pollutants, toxic chemicals such as lead; mercury and
aluminium from industrial effluents pose grave risks to flora, fauna and human health. Excess
nutrients from farm lands lead to eutrophication. Accumulation of dredged material alters
flooding regime, soil type, plant and animal communities. Since salt marshes combine
terrestrial and marine elements they are threatened by invasive species from both systems.

Sand dunes are threatened for a variety of reasons such as being cleared for illegal
infrastructure, incidental planting of green belts, sand mining, and destruction of sea turtle
nesting sites and trampling of vegetation during recreational activities.
Coastal wetlands are associated with deltas, lagoons, estuaries and sheltered bays. They are
threatened with change in river water discharge, rising sea levels affecting salt marshes and
mudflats. The Rann of Kutch is so threatened with submergence. Mudflats constitute
significant year round and seasonal habitats of an estimated 76 species of resident and
migratory waterfowl.
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The purpose of the EIA is to quantify the impact and ensure that changes to the environment
fall within acceptable pre-defined limits and to give the environment its due place in the
decision making process by clearly evaluating the environmental consequences of the
proposed activity before action is taken. The potential adverse effects of port development
encompass land, water pollution, contamination of bottom sediments, loss of bottom
habitat, damage to marine ecology and fisheries, beach erosion/accretion, current pattern
changes, waste disposal, oil leakage and spillage, air pollution, noise, vibration and flood
light effect. By suitable means including modeling where necessary, the impact of all the
identified environmental concerns of port activities on each facet of the environment should
be assessed both during construction and operational phases and suitable mitigation
measures against the potential adverse impacts should be considered such that an effective
EMP can be prepared and adhered to during the project construction and operations phases.
The impact and the mitigation measures pertain to the different phases like location,
construction and operation (ship traffic and cargo operations) of the port.
The EIA mechanism should be applied to the project in the following order of priority:

•
•
•

Avoid adverse environmental impact
Minimize and control adverse environmental impact
Mitigate adverse environmental impact

Potential Impact due to Port Location: Careful site selection and port design should be
carried out, focusing on the possibility of limiting the extent of land area requirement. Where
Research and Regulatory measures are necessitated, these measures are to be undertaken by
the proponent to the satisfaction of effected communities and the regulatory authority. Land
acquisition where required shall be carried out by duly acceptable transparent non-restrictive
methods as may be directed by the concerned authorities and duly addressing the concerns
of the effected communities/villages. Coast line changes like erosion or accretion due to
interference to littoral process, likely to have serious consequences are to be assessed by
proper techniques some times involving mathematical/ physical model studies to ascertain
remedial measures such as shore protection works, sand bye passing etc., It may be feasible
to utilize material obtained from maintenance dredging for sand bye passing subject to
suitability of such material from environmental and engineering considerations. Rainwater
harvesting systems should be provided. The implementation of these measures and coastline
stability/changes should be monitored during the construction and operation phases of the
project. Drainages, roads and rail connectivity should suitably have designed and
implemented to overcome affects of changes in land terrain. The existing network of road
and rail infrastructure should be improved by suitable expansion including development of
bye passes as part of project to avoid congestion of existing road rail net works and resulting
inconvenience to the public. Similarly, the utilities like water supply, surface drainage
including storm water, sewage treatment/disposal, waste management/disposal, electrical
power supply should be augmented or developed as the case may be part of the port
project. Capital Dredging, pile driving, deposition of rubble, dredging, sand compaction and
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other construction work in water may cause re-suspension of sediments and turbid water.
Re-suspension of sediments in water leads may increase in the level of suspended solids and
in the concentration of organic matter. It also reduces sunlight penetration. Capital dredging
may also cause pollution to harbor waters due to increased turbidity and contaminants in the
bed material to be dredged. Where rock dredging with underwater blasting is involved the
disturbances to marine biota may be expected. Work vessels are a possible cause of oil spills,
garbage discharge, and leakage of other substances into water. Potential impact to be
assessed also include physical properties of the water, disruption or destruction of bottom
sediment organisms, wildlife habitat, disruption or destruction, wildlife breeding and feeding
grounds disturbed or destroyed, broken life cycles and food chains, soil erosion,
regeneration potential of vegetation, loss of native forage, effects of air and water pollution
on plants and animals.
Mitigation Measures: The adverse effects of capital dredging and construction work could
be minimized by appropriate selection of equipment in pile driving and dredging, proper use
of silt curtains, careful planning of settling ponds and overflow weirs for reclamation and
landfills, and suitable transport of construction materials and dredged material. Proper
disposal of dredged material plays a critical part in preserving the environment. Deposition
in landfills may offset problems being caused by dumping at sea. Careful methods should be
followed for capital dredging and reclamation. It may be feasible to utilize dredged spoil for
reclamation of areas required for the port. Disposal areas for dredged material should be
ascertained by proper studies including mathematical/physical models. Dredging activity
should be monitored. In case underwater blasting is to be resorted to for rock dredging such
activity should be undertaken duly carrying out risk analysis. Suitably designed blasting
techniques should be followed under the supervision of reputed professional and complying
with safety requirements.
7. Biological Environment (Coastal and Marine Ecology)
The location of a port may affect aquatic fauna and flora through changes of water quality,
coastal hydrology and bottom contamination. Land reclamation from the sea may damage
bottom habitat and displaces fishery resources. Terrestrial fauna and flora may also be
altered by the location of a port. Diminution of bottom biota is usually linked to a reduction
of fishery resources, and occasionally to an increase of undesirable species. Deterioration of
water quality usually gives rise to changes in aquatic biota, a decrease in the number of
species, and an increase in the quantity of one or two specific species. Diminution of plants
in a shore zone within enclosed water may degrade its aeration capability and cause water
pollution. Mangroves in wetlands play an important role in providing habitat for terrestrial
and aquatic biota. Mangroves and coral reefs are very sensitive ecological organisms.
Mangroves are easily affected by changes in current flow, salinity, oil film and deposit of silt.
Coral reefs and their eco systems are very fragile and sensitive to changes in water
transparency, water temperature, salinity, euthrophication, siltation, oil film and other similar
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pollution. Impact on marine coastal ecology due to deterioration of water quality and
contamination of bottom sediments should be assessed.
Mitigation Measures: Adverse effects on marine and coastal ecology usually result from
deterioration of water and air quality, current pattern changes, bottom contamination;
physical loss of water area and changes in natural land habitat. Measures mentioned in
subsections.
Mitigating changes in aquatic and terrestrial habitat: Careful survey of the ecological
characteristics of a project area is indispensable if the welfare of endangered and fragile
species is to be considered and disruption of their spawning seasons and areas and
migration is to be minimized. Planting of green plants around a port may be an effective
means to mitigate adverse effects on terrestrial habitat. Green belt proposal should be
prepared as per the "Guidelines for developing greenbelt" published by the Central Pollution
Control Board.
Potential Impact Due to the Port Construction Disturbance from construction activities
may cause displacement of fishery resources and other mobile bottom biota. Dredging
removes bottom biota and dumping of dredged material covers bottom habitat, both of
which may reduce fishery resources. Settlement of resuspended sediments on fragile marine
fauna and flora damages the ecosystem particularly coral reefs, which are formed by the
extra cellular product of symbiotic plants. The great number of coral polyps attached need
dissolved oxygen for respiration and the plants need sunlight for photosynthesis. Piles,
concrete surfaces, rubble mounds and other similar structures in water could form new
habitats, which may introduce undesirable species. If toxic substances and other
contaminants are resuspended through dredging or dumping, they may lead to
contamination of fishery and shellfishery resources.
Mitigation Measures: Careful survey of a fragile marine and coastal ecology is essential for
appropriate planning of construction work, dredging, and disposal of dredged material.
Selection of port site is the key to minimizing adverse effects. Since adverse effects usually
result from bottom contamination and deterioration of water quality, measures against those
adverse effects noted in subsections
Potential Impact due to the Port operations: Leakage of oils, oily wastes and mixtures may
directly cause damage to fishery resources, aquatic biota and coastal habitat. Biodegradation
of oil also generates polymerized oil particles and toxic aromatic fractions using dissolved
oxygen in the water, which indirectly cause damages to bottom biota and habitat. Both
effects may damage marine and coastal ecology. Flood light effect on turtles should be
assessed. Potential impact to be assessed also include: Aquatic Habitat: Physical properties of
the water, changes in aquatic species composition and number, changes in bottom dwellers,
fisheries damage, fish sizes decrease, aquatic animals without suitable habitat or food supply.
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Terrestrial Habitat: Damage to vegetation, small animals, wildlife habitats and wildlife
displacement, damage to migration routes or disruption, damage to breeding grounds,
wildlife ranges division, isolation of animals with small home ranges, suitability of remaining
habitats. Illumination or Flood Light Effect: Certain coastal stretches, which are ideal locations
for nesting of endangered species like olive ridley turtles may have adverse impact due to
the illumination or flood light effect associated with port activities. “Edge” Habitat and
Draw down Zone: Invasion of new plant species and plant communities, increased habitat
diversity, invasion of new animal species, human impact on biota. Mitigation Measures
Impact of port operations on the movement and nesting process of turtles, aquatic habitat
and terrestrial habitat should be studied and remedial measures to be taken up, particularly
during the nesting periods.
8. Environmental Management Plan for Ports and Harbors
Planning the Dredge: Dredging should only be conducted if necessary, and based on an
assessment of the need for new infrastructure components or port navigation access to
create or maintain safe navigations channels, or, for environmental reasons, to remove
contaminated materials to reduce risks to human health and the environment; Prior to
initiation of dredging activities, materials should be evaluated for their physical, chemical,
biological, and engineering properties to inform the evaluation of dredge materials reuse or
disposal options.
Dredging: Excavation and dredging methods should be selected to minimize suspension of
sediments, minimize destruction of benthic habitat, increase the accuracy of the operation,
and maintain the density of the dredge material, especially if the dredge material includes
contaminated areas. There are several dredging methods, which are commonly used
depending on the depth of the sediments and environmental concerns such as the need to
minimize sediment suspension and increase dredging accuracy. Areas sensitive for marine
life such as feeding, breeding, calving, and spawning areas should be identified. Where
sensitive species are present, dredging (and blasting) should be conducted in a manner so as
to avoid fish migration or spawning seasons, routes, and grounds; Use techniques (e.g. silt
curtains), to minimize adverse impact on aquatic life from the resuspension of sediments
Inspection and monitoring of dredging activities should be conducted to evaluate the
effectiveness of impact prevention strategies, and re-adjusted where necessary.
Methods of Dredging and Reclamation: Dredging is a major source of water pollution
causing turbid water, re-suspension of contaminated bottom sediments and other adverse
effects. However, dredging is indispensable for construction of port structures, development
of navigation channels and basins. Special dredgers and equipment have been developed in
recent years to cope up with less environmental effects due to dredging. The borehole data
of the seabed should be generated and based on the data type of dredging should be
planned. Typical methods for dredging are as follows:
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a) Air-pump dredger: An air-pump dredger consists of a drag head, basal tanks to
suck the sludge and an air pump to discharge the dredged sludge. The drag head is
firstly to be lowered into the sludge layer and the valve to release air into the basal
tanks is to be opened such that water pressure pushes the sludge into the basal tank.
After sucking the sludge, the air in the tank is compressed and the sludge is
discharged through the pipe. This method enables high density dredging with little
disturbance to the sediments and without taking much water together. In shallow
waters, due to low water pressure, the performance of this type of equipment is not
so high. To cope with, a new type of equipment with vacuum pump to reduce air
pressure in basal tank is evolved.

b) Piston-pump dredging: The idea of piston pump dredging is similar to air pump
dredging. A piston pump system consists of a huge hydraulically operated piston and
cylinder to intake sludge. Dredging procedure in this system is firstly to settle the
intake in the sludge layer, secondly move up the piston to suck the sludge and then
to move down the piston to discharge the sludge inside the cylinder. The above two
methods are not so effective to dredge large volumes but useful for dredging
contaminated sediments without causing re-suspension of sediments.

c) Low pollution pump dredging: Ordinary pump dredging usually disturbs bottom
sediments by cutter blades and generates considerable volumes of suspended solids
in the water. With a view to reduce suspended solids generation several types of drag
heads have been developed including cutter less drag head. Low pollution pump
dredging equipment consists of a special drag head equipped with a screw and a full
cover on the head. The drag head only has an opening in the front and moves ahead
to take the sludge. The sludge is stirred by screw and sucked in the drainpipe. The
speed of rotation is changed according to the type of soil or sludge to be dredged to
enable high density dredging of the order of 100 to 500 cu m/hour depending on the
ability of the pump.

d) Watertight grab bucket:

Grab dredging usually generates more suspended
solids than other dredging methods. However, it is economical for small scale
dredging and applicable to various dredging situations. For use in sludge dredging,
low pollution type grab bucket has been developed, which is designed to be
watertight and avoid scattering dredged sediments while pulling up in the water.
Disposal of Dredged Material: Dredged material should be analyzed in order to select
appropriate disposal options (e.g. land reclamation, open water discharge, or contained
disposal).
▪

Beneficial reuse of uncontaminated, dredged material should be considered
(e.g. for wetland creation or enhancements, habitat restoration, or creation of
public access / recreational facilities);
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▪
▪

▪

Use of submerged discharges should be considered for hydraulic disposal of
dredged material.
Use of lateral containment in open water disposal should be considered. Use
of borrow pits or dikes reduces the spread of sediments and effects on
benthic organisms.
Use of cap containment sediments with clean materials should be considered.
Level bottom capping or combinations of borrow pits / dikes with capping
reduce the underwater spread of contaminated material.

Confined disposal facilities should be used, either near shore or upland, when open water
disposal is not feasible or desirable. If dredge spoil is contaminated, confined disposal
facilities should include liners or other hydraulic containment design options to prevent
leaching of contaminants into adjacent surface or groundwater bodies. Treatment of
dewatering liquids (e.g. metals and persistent organic pollutants) may be required prior to
discharge. Site-specific discharge quality standards should be established depending on the
type and toxicity of the effluents and the discharge location.
Shore Protection works: Where location of port interferes with littoral process, shorelines
adjoining the proposed port may be affected by erosion on the up drift side and accretion
on the down drift side. Unless suitably designed coastal protection works are implemented
as a part of the port project, it may result in loss of valuable property existing on the coast. It
is necessary to ascertain the impact of proposed port construction on the adjoining coast by
undertaking suitable mathematical/physical model studies.

Some of the Coastal protection works are as follows:
▪
▪
▪
▪
▪

Construction of suitably designed groynes
Construction of suitably designed sea-walls,
Construction of suitably designed off shore breakwaters including
submerged breakwaters
Undertaking periodical sand bye passing of designed quantities of sand
by deploying suitable dredgers
Or combination thereof.

Air emissions: Combustion Sources: Developing air quality management procedures
applicable to ship operators, such as:
▪
▪
▪

Maintaining emissions of NOx and SOx within the limits.
Using low-sulfur fuels in port, if feasible, or as required by international
regulations
Navigation of port access areas at partial power, achieving full power only
after leaving the port area
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▪
▪
▪

▪

▪
▪
▪
▪
▪
▪

Avoiding or limiting the practice of blowing soot from tubes or flues on steam
boilers
while in port or during unfavorable atmospheric conditions
If the port provides onshore power for vessels to reduce shipboard power use
during loading / unloading activities, requiring vessels to shut down power
plants (go “cold iron”) if docked above a specified time threshold.
Depending on the need to address local air quality concerns, operators
should develop air quality management procedures for application to landbased activities which may include:
Keeping transfer equipment (e.g. cranes, forklifts, and trucks) in good working
condition
Upgrading the land vehicle fleet with less-polluting trucks and vehicles, and
using
alternative fuels and fuel mixtures
Encouraging reduction in engine idling during on- and off-loading activities.
Encouraging storage planning to avoid or minimize restorage and reshuffling
of cargo
Where practicable, designing new facilities to minimize travel distance from
ships off-loading and on-loading facilities to storage areas.

Dust
▪

▪
▪
▪
▪
▪
▪
▪
▪
▪
▪
▪

Dry bulk materials storage and handling facilities should be designed to
minimize or control dust emissions, including: Storing pulverized coal and
pet-coke in silos
Installing dust suppression mechanisms (e.g. water spray or covered storage
areas)
Using telescoping chutes to eliminate the need for slingers
Using vacuum collectors at dust-generating activities
Using slurry transport, pneumatic or continuous screw conveyors, and
covering other types of conveyors
Minimizing free fall of materials
Minimizing dry cargo pile heights and containing piles with perimeter walls
Removing materials from the bottom of piles to minimize dust re-suspension
Ensuring hatches are covered when material handling is not being conducted
Covering transport vehicles
Regularly sweeping docks and handling areas, truck / rail storage areas, and
paved roadway surfaces.
Development of suitable green belt

Waste Management: Avoiding installation of storm drainage catch basins that discharge
directly into surface waters, using containment basins in areas with a high risk of accidental
releases of oil or hazardous materials (e.g. fueling or fuel transfer locations), and oil / grit or
oil / water separators in all runoff collection areas. Oil / water separators and trapping catch
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basins should be maintained regularly to keep them operational. Recovered contaminated
solids or liquids disposed of as hazardous materials. Treating disposals from municipal drains
and other outfalls and ensure compliance of such effluents to the standards. Resorting to
development of sewage treatment plants by concerned where required. Adopting rain water
harvesting measures and Installing filter mechanisms (e.g. draining swabs, filter berms,
drainage inlet protection, sediment traps and sediment basins) are made to prevent
sediment and particulates from reaching the surface water.
Spill Control Planning: Outlines responsibility for managing spills, releases and other
pollution incidents, including reporting and alerting mechanisms to ensure any spillage is
reported promptly to the port authorities and personnel are informed to take appropriate
action.

INDOMER

L4 - 49

Suggested Reading
1. Ali, S. and Ripley, S. D. (1987) Compact Edition of the Handbook of the Birds of India
and Pakistan. Oxford University Press, New Delhi.
2. Anderson, S., and Jones, J.K. Jr. (1984) Orders and families of recent mammals of
the world. Wiley, New York, xii +686 pp.
3. Andrews, H.V., and Shanker, K. (2002) A significant population of leatherback
turtles in the Indian ocean. Kachhapa 6:17.
4. Andrews, H.V., Krishnan, S., and Biswas, P. (2006) Distribution and status of
marine turtles in the Andaman and Nicobar Islands. In: Shanker K, Choudhury BC
(eds) Marine turtles of the Indian subcontinent. University Press, Hyderabad, 33 –
57 pp.
5. Barman, R. P. (1998) Pisces, Faunal Diversity in India. Zoological Survey of India,
Calcutta. 418-426 pp.
6. Bergquist, P. R. (1978) Sponges. Hutchinson: London & University of California Press:
Berkeley & Los Angeles. 268 pp.
7. Bhasker, S. (1993) The Status and Ecology of Sea Turtles in the Andaman and Nicobar
Islands. ST 1/93. Centre for Herpetology, Madras Crocodile Bank Trust, Post Bag 4,
Mamallapuram, Tamilnadu.
8. BirdLife International (2001) Threatened Birds of Asia: the BirdLife International Red
Data Book. BirdLife.
9. Buhl-Mortensen, L. and Mortensen, P.B. (2005) Distribution and diversity of species
associated with deep sea gorgonian corals off Atlantic Canada, in Freiwald A, Roberts,
J.M (eds.) Cold water corals and ecosystems. Springer- Verlag, Berlin, 849-879.
10. Coles, S. L. and Brown, E. K. (2007) Twenty-five years of change in coral coverage on a
hurricane impacted reef in Hawaii: the importance of recruitment. Coral Reefs, 26:
705–717.
11. Day, F. T. (1889) The fauna of British India, including Ceylon and Burma. Fishes, Taylor
and Francies Ltd., London, 3: 509 pp.
12. Eldredge, L. G. (1996) Birgus latro. The IUCN red list of threatened species 1996:
e.T2811A9484078. Downloaded on 22 June 2016

INDOMER

L4 - 50

13. Fatima, E., Andrews, H., John, S., and Shanker, K. (2011) Status of marine turtles
in Cuthbert Bay, middle Andaman Islands. Mar. Turt. Newsl. 130: 6–9.
14. Goh, N. K. C., Ng., P. K. L. and Chou, L. M., (1999) Notes on the shallow water
gorgonian associated fauna on coral reefs in Singapore. Bull. Mar. Sci., 65: 259- 282.
15. Greenaway, P. (2003) Terrestrial adaptations in the Anomura (Crustacea:
Decapoda). Mem. Mus. Vic. 60(1):13–26.
16. Grubb, P. (1971) The growth, ecology and population structure of giant tortoises
on Aldabra. Phil. Trans. R. Soc. Lond. B 260: 327–372.
17. IUCN (2000) Red List of Threatened Species.The World Conservation Union. Gland,
Switzerland.
18. Jones, S. and Kumaran, M., (1980) Fishes of Laccadive Archipelago. Natural
conservation and Aquatic sciences, Trivandrum: 760 pp.
19. Kar, C.S. and Bhaskar, S. (1982) Status of sea turtles in the Eastern Indian ocean.
In: Bjorndal KA (ed) Biology and conservation of sea turtles. Smithsonian
Institution Press, Washington, DC, 365–372 pp.
20. Mathur, V.B. and H. Padalia, (2010) Protected area network in Andaman and Nicobar
islands: A gap analysis for biodiversity representation and conservation status, pp.
519-532. In: Recent trends in biodiversity of Andaman and Nicobar Islands (Eds.)
Ramakrishna, C. Raghunathan and C. Sivaperuman, Zoological Survey of India,
Kolkata.
21. Murthy, T. S. N. (2010) The Reptile Fauna of India. Published by B.R. Publishing
Corporation, New Delhi.
22. Murugan, A., Dhanya, S., Rajagopal, S., and Balasubramanian, T., (2008) Seahorses and
pipefishes of the Tamil Nadu Coast. Current Science, 95(2): 253–260.
23. Myers, N. (1988) Threatened
Environmentalist 8: 1–20.

biotas:

“hotspots”

in

tropical

forests.

24. Myers, N. (1990) The biodiversity challenge: expanded hotspots analysis.
Environmentalist 10: 243–256.
25. Nelson, J. S. (2006) Fishes of the World. 4th ed. Hoben (New Jersey, USA): John Wiley
& Sons. XIX= 601 pp.

INDOMER

L4 - 51

26. Opresko, D. M. (2001) A new species of antipatharian coral, Bathypathesbayeri,
(Cnidaria: Anthozoa: Antipatharia) from the Galapagos Islands.Bull. Biol. Soc. Wash.,
10: 204–209.
27. Pattanayak, J. G. and Manna, B. (2001) Distribution of Marine sponges (Porifera) in
India. Proc. Zool. Soc. Culcutta, 54(1): 73–101.
28. Smith, S. V. (1978) Coral reef area and the contribution of reefs to processes and
resources of the world oceans. Nature, 273: 225–226.
29. Turner, J. R., Vousden, D., Klaus, R., Satyanarayana, C., Fenner, D., Venkataraman, K.,
Rajan, P. T. and Subba Rao, N. V. (2001) Remote sensing and rapid site assessment
survey. Report of phase 1: April 2001. GOI / UNDP GEF. Coral reef ecosystems of the
Andaman Islands.
30. Van Soest R. W. M. and Hooper, J. N. A. (2002) Systema Porifera: A Guide to the
Classification of Sponges. Kluwer Academic/Plenum Publishers, New York.
31. Venkataraman, K. and Wafar, M. (2005) Coastal and Marine Biodiversity.Indian J. Mar.
Sci., 31: 57–75.
32. Venkataraman, K. (2006) Biodiversity legislations in likeminded mega diversity
countries ( eds) D.D. Verma, S. Arora, and R.K. Rai. Ministry of Environment and
Forests, 79–92.
33. Venkataraman, K., Satyanarayan, Ch., Alfred, J. R. B. and Wolstenholme, J. (2003)
Handbook on Hard Corals of India.Published by the Director, Zoological Survey of
India, Kolkata.1–266.
34. Venkataraman, K. and Satyanarayana, Ch. (2012) Coral Identification manual.
Zoological Survey of India, Kolkata. 136 pp.
35. Venkataraman, K., Rajkumar Rajan, Satyanarayan, Ch., Raghunathan, C. and
Venkatraman, C. (2012) Marine Ecosystems and Marine Protected Areas of India.
Published by the Director, Zool. Surv. India, Kolkata 296 pp.
36. Veron, J. E. N. (2000) Corals of the World.Australian Institute of Marine Science. 1–3
volumes. Vousden, D. 2001. The management of coral reef ecosystems of the
Andaman and Nicobar Islands. Mission report-GOI/UNDP GEF, PDF-B Phase, New
Delhi.

INDOMER

L4 - 52

ZOOPLANKTON
Dr. R. Alfred Selvakumar
Former Assistant Director General, ICAR
1. Introduction
In marine systems, organic matter is mainly produced by microscopic, unicellular plants that
are part of the plankton. All organisms are separated into two groups: heterotrophs (organisms
that attain energy from other organisms) and autotrophs (organisms that obtain energy from
inorganic resources, such as sunlight). Both heterotrophs and autotrophs can be classified as
pelagic (existing in the water column above the ocean floor) or benthic (existing on the ocean
floor). Pelagic organisms include both nekton (organisms with the ability to swim) and
plankton (organisms without the ability to swim). The current in the surrounding water propels
the plankton. This form of motion helps to disperse the organisms throughout a body of water.
The word originates from the Greek "planktons", that means "something that floats passively",
and was first applied by Victor Hansen in 1887 to the tiny plants and animals obtained after
gently sieving sea water through a conical net of thin muslin towed by a boat. Plankton is
divided into phytoplankton and zooplankton. Phytoplankton are photosynthetic and act as the
primary producer in an aquatic environment, whereas zooplankton are heterotrophic and
consume smaller plankton.
Zooplankton is divided into two major groups called holoplankton and meroplankton. Some
species spend their entire life suspended in water, without any contact with solid surfaces and
are called holoplankton while most of the bottom dwelling marine invertebrates and fishes
have a transitory planktonic life, usually the first larval stages, and are known as meroplankton.
The complexity of taxonomic composition, morphological structure, size range and trophic role
of zooplankton are probably unique in the marine world. Taxonomically, zooplankton ranges
from the most primitive unicellular organisms (protozoans) to vertebrates (fish larvae).
Probably, the only characteristic most of them share is to have a transparent body, a clear
advantage to avoid capture by visual predators. Despite their quite limited swimming capacity,
they perform day-night rhythmic vertical displacements (migration) of hundreds of meters,
most of them to feed at night in surface waters. Their main food source is phytoplankton,
microscopic plants that provides most of the matter and energy in marine systems. From the
point of view of their feeding habit and behaviour, they are also variable. Not only does
zooplankton include herbivores, carnivores, omnivores and detritivores, but also parasites of
other planktonic animals. Their methods to obtain food range from pumping water and
filtering through special structures and retaining food particles to the active capture of motile
prey.
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Zooplankton play an important role in the faunal bio-diversity of aquatic ecosystems. They
include representatives of almost every taxon of the animal kingdom and occur in the pelagic
environment either as adults (holoplankton) or eggs and larvae (meroplankton). By sheer
abundance of both types and their presence at varying depths, the zooplankton is utilized to
assess energy transfer at secondary trophic level. They feed on phytoplankton and facilitate the
conversion of plant material into animal tissue and in turn constitute the basic food for higher
animals including fishes, particularly their larvae. The zooplankton occurrence and distribution
influence pelagic fishery potentials. The fishes mostly breed in areas where the planktonic
organisms are plenty so that their young ones could get sufficient food for survival and
growth. Certain planktonic organisms are capable of concentrating radioisotopes and can act
as indicator of certain pollutants, the study of which is important to marine environmental
science.
As broad as the taxonomic composition of zooplankton, is their size range. Although they are
usually very small, most of the components are visible only through a microscope or
magnifying glass. Most of them are microscopic, unicellular or multi-cellular forms with size
ranging from a few microns to a millimetre or more. Some gelatinous forms (jelly fish and
related organisms) are in the larger size range. In addition to size variations, there are
differences in morphological features and taxonomic position. Based on the size range of
plankton, they are classified under different groups as given below.
Group
Megaplankton

Size range
> 20 cm

Examples
metazoans; e.g. jellyfish; ctenophores; salps and pyrosomes (pelagic Tunicata);
Cephalopoda; Amphipoda

Macroplankton 2→20 cm

metazoans; e.g. Pteropods; Chaetognaths; Euphausiacea (krill); Medusae;
ctenophores; salps, doliolids and pyrosomes (pelagic Tunicata); Cephalopoda;
Janthinidae (one family of gastropods); Amphipoda

Mesoplankton

0.2→20 mm

Microplankton

20→200 µm

Nanoplankton

2→20 µm

metazoans; e.g. copepods; Medusae; Cladocera; Ostracoda; Chaetognaths;
Pteropods; Tunicata; Heteropoda
large eukaryotic protists;most phytoplankton; Protozoa, Foraminifera;
tintinnids; other ciliates; Rotifera; juvenile metazoans- Crustacea (copepod nauplii)
small eukaryotic protists; small Diatoms; Small Flagellates; Pyrrophyta;
Chrysophyta; Chlorophyta; Xanthophyta

Picoplankton

0.2→2 µm

Femtoplankton < 0.2 µm

small eukaryotic protists; bacteria; Chrysophyta
marine viruses

Zooplankton play pivotal role in structuring pelagic food webs and mediating bio-geochemical
cycles, fisheries recruitment and biomass production in the world oceans. It is considered as
the most important link between planktonic primary producers and large carnivores. Nutrient
rich conditions favour the development of relatively large phytoplankton that can be preyed
upon by large herbivorous zooplankton and then finally these by fish. These shorter, more
efficient food webs are known as classical or herbivorous food webs. The way through which
zooplankton transfers matter and energy towards higher trophic levels will therefore determine
not only the potential yield of fisheries along with their stability and sustainability.
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Fig. 1. Food chain of marine ecosystem
2. Distribution of zooplankton along Indian coast
Numerous studies have been conducted on various aspects of zooplankton both along the east
and west coast of India for more than six decades. Studies were mostly conducted along the
coastal water bodies, estuaries, backwaters and bays by fishery departments and university
departments. Central Marine Fisheries Research Institute was established in the year 1947 and
conducted plankton research at various centres along both the coasts. However, momentum on
this field took a rapid stride during the International Indian Ocean Expedition (IIOE) during 19601965 with the establishment of Indian Ocean Biological Centre (IOBC) at Cochin and later the
National Institute of Oceanography (NIO), Goa. Zooplankton distribution Atlases were made for
the Indian Ocean region including Arabian Seas and Bay of Bengal after the expedition.
IIOE results have shown that the biological productivity was more along the west coast of India
(Arabian Sea) due to upwelling phenomenon during monsoon. From hydrographical point of
view, the East Coast of India is of particular interest due to influx of large amount of freshwater
into the Bay of Bengal via the major rivers and making the Bay less saline than Arabian sea.
An atlas showing the correlation of oceanographic features with zooplankton biomass, fish eggs
and larvae along the west coast of India during 1963-69 from Cape Comorin to Bombay is
reported by David Raj (1981). The continental shelf region is found to be conspicuously richer in
zooplankton biomass than the offshore region. The peak zooplankton biomass is observed during
monsoon and post monsoon periods with low concentration during summer and pre monsoon.
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During summer months, the fish eggs and larvae show generally increasing trend. Copepods form
the bulk of the zooplankton samples with 70 to 90% at different places and seasons.
3. Method of collection and analyses of samples
Evaluation of zooplankton production in any particular area will largely depend on use of correct
zooplankton methodology that involves collection of samples, fixation, preservation, analysis and
computation of data.
The zooplankton collection involves primarily the filtration of water by net, collecting the water in
bottles/ water samplers or by pumps. The sampling success will largely depend on the selection
of a suitable gear; mesh size of netting material, time of collection, water depth of the study area
and sampling strategy. The gear should be used keeping in view the objectives of the
investigation. There are three main methods of zooplankton collection, which are as follows:
3.1. Bottles / water samplers
This method is used mainly for collecting smaller forms or micro-zooplankton. The water is
collected at the sampling site in bottles or water samplers of 5 to 20 litre capacity. The sterile
bottles should be preferred. Surface water can be collected by scooping water into the bottle of
suitable size. While collecting the water samples, there should be minimum disturbance of water
to prevent avoidance reaction by plankton. The Von Dorn bottles or water samplers with closing
mechanisms are commonly used for obtaining samples from the desired depths. The micro
zooplankton are then concentrated by allowing them to settle, centrifuging or fine filtration. The
advantage of this method is that it is easy to operate and sampling depths are accurately known.
The disadvantage is that the amount of water filtered is less. The bigger or macro zooplankton
and rare forms are usually not collected by this method and so it is unsuitable for qualitative and
quantitative estimations.
3.2. Pumps
The gear is normally used on board the vessel/boat. The sampling can also be carried out from
a pier. In this method, the inlet pipe is lowered into the water and the outlet pipe is connected
to a net of suitable mesh size. The net is particularly sub-merged in a tank of a known volume.
This prevents dam-age to the organisms. The zooplankton is filtered through the net. A meter
scale on the pump records the volume of water filtered. This method is used for quantitative
estimation and to study the small scale distribution of plankton. The frictional resistance of the
sampled water in the hose can cause turbulence; damaging the larger plankton especially the
gelatinous forms viz. medusae, ctenophores and siphonophores etc. The advantage of the
method is that the volume of the water pumped is known. Again the continuous sampling is
possible. How-ever, the sampling depth is limited to a few meters and it is difficult to obtain
samples from deeper layers.
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3.3. Nets
The most common method of zooplankton collection is by a net. The amount of water filtered
is more and the gear is suitable both for qualitative and quantitative studies. The plankton nets
used are of various sizes and types. The different nets can broadly be put into two categories,
the open type used mainly for horizontal and oblique hauls and the closed nets with
messengers for collecting vertical samples from desired depths.
Despite minor variations, the plankton net is conical in shape and consists of ring (rigid/flexible
and round/square), the filtering cone and the collecting bucket for collection of organisms.

The collecting bucket should be strong and easy to remove from the net. The netting of the
filtering cone is made of bolting silk, nylon or other synthetic material. The material should be
durable with accurate and fixed pore size. The mesh should be square and aperture uniform.
The mesh size of the netting material will influence the type of zooplankton collected by a net.
The nets with finer mesh will capture smaller organisms, larval stages and eggs of planktonic
forms and fish eggs while those with coarse netting material are used for collecting bigger
plankton and fish larvae. Sometimes combinations of nets with mesh of different pore sizes are
used. There is a great variety of mesh available from the finest to the coarse pore sizes. The
mesh size of 0.2 mm of monofilament nylon is usually used for collecting zooplankton for
taxonomic and productivity studies. In addition to the mesh size, the type, length and mouth
area of the net, towing speed, time of collection and type of haul will determine the quality
and quantity of zooplankton collected. The zooplankton collections can be made either by
horizontal, oblique or vertical hauls. In the horizontal sampling, the net is towed at a slow
speed usually for 5 to 10 minutes. The towing speed of the net should be such that the
maximum amount of water enters through the mouth of the net for better filtration and gear
used can withstand the strain. The towing speed of the net recommended for horizontal
samples is 1.5 to 2.0 knots. When the towing speed is more, a static cone of water develops
thus diverting water outside the net and consequently reducing the effective filtration. The net
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may also be damaged. Most of the zooplankters migrate vertically in response to light
conditions. Their occurrence is poor in upper layers during daytime. For better quantitative and
qualitative zooplankton collections, the suitable time for horizontal zooplankton sampling
would be before dawn, after dusk or night. The net should be submerged in water. When the
currents are strong the depressors are used to keep the nets in desired position. The horizontal
collections are mostly carried out for the surface and subsurface layers. In oblique hauls, the
net is usually towed above the bottom. The disadvantage of this method is that the sampling
depth may not be accurately known. The net may be damaged if it touches the substratum.
The vertical haul is made to sample the water column. The net is lowered to the desired depth
and hauled slowly upwards. The zooplankton sample collected is from the water column
traversed by the net. Closing mechanisms are used to sample a specific body of water. The
samples taken with closing nets are analysed to study zooplankton abundance at different
depths.
Various types of nets are available to collect zooplankton samples. The most commonly used is
Heron -Tranter (HT) net. It has a square frame and the filtering cone of mesh size of 0.2 mm.
The mouth area of the net is 0.25 m2. The net is used mainly for collecting horizontal and
oblique zooplankton samples. For vertical hauls, the nets used are Nansen Vertical Closing Net,
Indian Ocean Standard Net (IOSN) and the Clark-Bumpus sampler. These nets are with closing
mechanism and are employed to sample at a particular depth. To sample the whole vertical
column in the oceanic waters requires a series of hauls which is tedious and time consuming.
To avoid this, a Multiple Opening and Closing Sampler with 5-10 nets is used. This gear is used
for zooplankton collections simultaneously at different depths. The nets are closed by means
of messengers before retrieval of samplers. A high speed sampler called Hardy's Continuous
Plankton Recorder is towed behind the ships or vessels to take continuous samples over a long
distance.
The choice of net and type of haul to be taken should be determined by the objectives of the
study. Whatever type of net is used for sampling, it should be thoroughly washed after each
tow so that any planktonic material adhering to the mesh of the filtering cone or other part of
the plankton net should be pushed into the collecting bucket to prevent contamination of
samples with collections from the previous hauls. The washing of the nets will also prevent
clogging especially when there is a bloom or the finer mesh is used for obtaining the samples.
The nets should also be checked for ruptures or holes through which the plankton can escape
resulting in the loss of sample. After each haul, the zooplankton sample is transferred into a
cleaned and dried glass beaker of half to one litre capacity. The debris or extraneous material
should be removed. Replicate hauls are made whenever possible.
For quantitative plankton sampling it is imperative to know the actual amount of water passed
through the net. For this purpose, an instrument called flow meter is used. It should not be
mistaken for current meter. The flow meter has a multi bladed propeller, which is rotated by
the flow of water.
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There is a counter, which records the number of revolutions. The flow meter should be
positioned in such a way so that it records the actual flow of water passing through the net.
The volume of the water filtered is normally expressed in cubic meters. It is calculated as
follows.
Where,
K = Calibration constant
A = Mouth area of the net
R = Flow meter reading and
V = Volume of water filtered.
When the net traverses through a water column, the volume is
V=Axd
Where,
A = Mouth area of the net and
d = Depth of haul.
When a circular net is used, the volume of water filtered can be calculated by the formula
given below:
V = ð r2 d
Where,
V=

Volume of water filtered

r = The radius of the mouth of the net
d = Length of the water column traversed by the net.
In case of a square net, calculation is as follows
V = S2 d
Where,
S = Length of the side of the frame.
d = Depth of haul.
Records of the sampling procedures, prevailing environmental conditions and other
information should be maintained in the field log sheet (Appendix I). Observation on live
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plankton could be made in the field for their colouration, abundance and composition prior to
fixation and subsequently analysis in the laboratory. The samples should be transported with
care otherwise their durability and usefulness would be seriously jeopardized.
3.4. Fixation
The necessity of proper fixation and preservation of zooplankton needs no emphasis. The
poorly fixed and preserved samples would render their subsequent analysis difficult. The
whitish precipitate and ruptured exoskeletons can be seen in the improper fixed samples. The
zooplankton deteriorates rapidly in tropics. After the sampling, the fixation of samples should
be carried out, as early as possible, at least within 5 minutes after the collection to avoid
damage to animal tissue by bacterial action and autolysis. An ideal fixative should be cheap
and which kills the animals quickly. Again, it should be non-corrosive or toxic in nature. The
most common fixing and preserving reagent is (4-5%) formaldehyde (formalin). It is the
cheapest fixative and the zooplankton samples can be stored for number of years. The other
fixatives occasionally used are ethanol, picric acid, acetic acid etc. Analytical grade formalin
should be used for fixation as the commercial formalin is often contaminated with iron
compounds which produce a brow precipitate of iron hydroxide which renders the
zooplankton identification difficult. The concentrated formalin should be diluted with fresh
water, seawater or preferably with water from the sampling area to avoid undesirable osmotic
effects. The dilution is in the ratio of 1 part formalin and 9 parts of fresh water or seawater. The
pH of the fixative should be around 8.0.
It is advisable to use buffered formalin. The commonly used buffers are borax (sodium
tetraborate) or hexamethyene teteramine. The buffers are added in an amount of 200 g to one
litre of concentrated formalin. The fixative usually renders the zooplankton body tissues hard
and brittle. The additives viz. propylene phenoxetal and propylene glycerol (2 to 5 %) are
added to fixatives for flexibility of specimens, resistance to bacteria and moulds.
3.5. Preservation
After fixation, the zooplankton are transferred and stored in airtight containers with sufficient
quantity of preservative. While transferring, due care should be taken so that no part of the
zooplankton sample is lost. Various types of preservatives are available. The buffered formalin
(4 to 5%) is mostly used both as fixative and as the preservative. The other preservative used is
70% ethanol or 40% isopropanol. The ethanol is used
for preserving museum specimens but it is costly and volatile. Glycerine is often added to
formalin to prevent shrinkage of specimens, drying of the material and to facilitate retaining
colours of zooplankters. For better shelf life of the zooplankton samples, the preservative
should be changed within the first 6 months.
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It would be better to store the preserved zooplankton samples in well ventilated room at
temperature less than 25°C. The samples should be kept in the wide mouth glass jars. A good
quality of pre-printed labels, on which the collector's name, fixative and preservative used and
other field information are written should be put into the jars for ready reference at the time of
sample analysis.
3.6. Analysis of the samples
The basic analysis consists of measurements of biomass (standing stock), enumeration of
common taxa and species.
a) Biomass
The term biomass denotes the live weight or the amount of living matter present in the
zooplankton sample. The value obtained is used to evaluate the secondary productivity and
fishery potentials of the study area. The biomass is estimated by the following methods.
i. Volumetric (displacement volume and settling volume) method
ii. Gravimetric (wet weight, dry weight and ash free dry weight) method
iii. Chemical method
Prior to determination of biomass, larger zooplankters such as medusae, ctenophores, salps,
siphonophores and fish larvae should be separated from the zooplankton sample and their
biomass taken separately. The total biomass would be the biomass of bigger forms plus the
biomass of the rest of the zooplankton. It should be indicated under remark as given on the
analysis sheet. (Appendix - II).
i)

Volumetric method

The volume measurements are easy to make in the field or laboratory. The total zooplankton
volume is determined by the displacement volume method. In this method the zooplankton
sample is filtered through a piece of clean, dried netting material. The mesh size of netting
material should be the same or smaller than the mesh size of the net used for collecting the
samples. The interstitial water between the organisms is removed with the blotting paper. The
filtered zooplankton is then transferred with a spatula to a measuring cylinder with a known
volume of 4 % buffered formalin. The displacement volume is obtained by recording the
volume of fixative in the measuring jar displaced by the zooplankton. The settled volume is
obtained by making the sample to a known volume in the measuring jar. The plankton is
allowed to settle for at least 24 hours before recording the settled volume.
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ii)

Gravimetric method

The weight measurement should be done preferably in laboratory. It is carried out by filtering
the zooplankton. The interstitial water is usually removed by blotting paper. While blotting,
due care should be taken not to exert too much pressure as to damage the delicate organisms
or specimens. The zooplankton weight is taken on pre-determined or weighed filter paper or
aluminium foil. The wet weight is expressed in grams. The dry weight method is dependable as
the values indicate the organic content of the plankton. Analysis such as the dry weight is
determined by drying an aliquot of the zooplankton sample in an electric oven at a constant
temperature of 60ºC. The whole or total sample shouldn't be dried because the subsequent
analysis such as enumeration of common taxa and identification of their species wouldn't be
possible after drying the sample. The dried aliquot is kept in a desiccator until weighing. The
values are expressed in milligram. Ash free dry weight method is also occasionally used.
iii) Chemical method
In this method, the live zooplankton samples are dry frozen. Before analysis, the samples are
rinsed with distilled water. Measurement of constituent elements such as carbon, nitrogen,
phosphorus and biochemical elements viz. protein, lipid and carbohydrates are made.
Sometimes the biochemical values of a particular taxon and species are undertaken to evaluate
food energy transfer at higher trophic levels. The calorific content of the plankton can be used
as an index of zooplankton biomass.
3.7. Faunal enumeration
Information on the faunal composition and the relative abundance of different zooplankton
taxa and their species is obtained by counting the plankters present in the samples. The
enumeration of specimens in the total sample is laborious, time consuming and mostly
impractical. The number of common zooplankton groups and their species observed in the
samples may vary from tens to thou-sands. For enumeration it is recommended that the
subsample or an aliquot is taken for the common taxa. However, for the rare groups, the total
counts of the specimens in the samples should be made. For enumeration of zooplankton the
subsample or aliquot of 10 to 25% is usually examined. However, the percentage of aliquot can
be increased or decreased depending on the abundance of zooplankton in the sample.
a) Subsample (aliquot)
Instruments are available for splitting the sample into fractions. These are generally made of
plastic with internal partitions. Folsom Plankton Splitter is widely used (Fig. 3.) The zooplankton
sample to be sub-sampled is poured into the drum and the drum is rotated slowly back and
forth. Internal partitions divide the samples into equal fractions.
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The fraction may be poured again into the drum for further splitting. The process is repeated
until a suitable subsample is obtained for counting. The splitter is thoroughly rinsed to recover
the organisms, which may be sticking onto the wall of the drum.
The sample is usually split into 4 subsamples. One of the subsamples is used for estimation of
dry weight, the second for counting the specimens of common taxa, the third for relative
abundance of species and the fourth fraction is kept as reference collection. Plastic or glass
pipettes are also used to take the subsample for counting. The Stempel Pipette is used to
obtain a certain volume (0.1 to 10 ml). The zooplankton sample in a glass container is diluted
to a known volume and is stirred gently. The stempel pipette is then used to remove the
subsample or aliquot for counting.
b) Counting
After splitting, the next step in the analysis is to sort and count the specimens. There is a
primary and secondary sorting. In the former type the sample is separated into 30 to 40
taxonomic groups (Appendix II). Whereas in the secondary stage the important groups of
organisms or specimens are further separated or sorted into their respective families and
genera.
The zooplankton group diversity is higher in the marine environment. In the fresh or limnetic
waters the number of groups is less. The common taxa observed there are protozoans,
cladocerans, copepods (adults and various life stages), decapods larvae, mysids etc. The
counting should be done under the microscope and when the specimen of a particular group
is seen, a tally mark is made on the sheet. When different groups are to be counted
simultaneously, the multiple counter is used. All the specimens present in the subsample are
counted with proper records on the data sheet. The total numbers of organisms are later
calculated for the whole sample depending on the percentage of subsamples examined. Image
analysis systems are being tried for rapid counting of common taxa and their species. For
sorting, the help of illustrations could be taken. The important characters of some zooplankton
groups are given in Appendix III.
c)

Species identification

Species is defined as a group of individuals capable of interbreeding. Correct species
identification is prerequisite for understanding distributional pattern, seasonal variability and
community structure of zooplankton in an aquatic ecosystem. It is a specialized work and
requires patience, experience and sufficient published literature. The initial identification of
common species could be done with the help of illustrated checklists. The taxonomic experts
should later confirm the identification. The identified and labelled specimens should be kept
properly for further reference. For identification of species a stereoscopic dissecting
microscope, good quality glass slides, cover slips, stainless steel fine forceps, dissecting
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needles, pipettes and chemical reagents are required. It involves various steps such as cleaning
of specimens, staining, dissection and slide preparation.
d) Clearing
The fixed specimens must be cleared of any attached material such as detritus or precipitate.
This can be done by removing the extraneous substances with fine forceps/needles without
damaging the specimens. Examination of external features becomes easier after clearing the
specimens. To study the internal structures staining of specimen is required.
e) Staining and dissection
Light staining of the specimens is carried out by adding a few drops of rose Bengal, lignin pink,
chlorazol black E and methylene blue added to the lactic acid. Borax carmine is used for
staining small zooplankton, larval stages of crustaceans and icthyoplankton (fish eggs and fish
larvae). Rose Bengal is usually added to the zooplankton samples when the preservation is
done. The dissection of stained specimens is carried out under stereoscopic dissecting
microscope with fine needles on the cavity slides.
f)

Species identification

The species under different taxa should be identified and enumerated. Data on faunal and
species occurrence and abundance is useful to evaluate the biodiversity of any ecosystem or
area.
3.8. Species diversity
Species diversity is defined as the number of species present in an area. The valves can be used
to assess the health of the environments. The members of species are less in the polluted
areas. The species diversity is calculated by the method given by.
Shannon and Weaver (1949)
n
H' = - Ó Pi Log2 Pi
i=1
Where,
Pi = proportion of the number of individuals of species i to the total number of individuals
(Pi = ni /N)
n = total number of species.
N = total number of individuals and
n1& n2 are the respective number of individuals of each species
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Margalef (1968)
D = S - 1 I loge N
Where,
S= is number of species and
N= the total number of individuals
Pielou (1966)
Evenness E = H' /Log2 S
Where,
H' = is the Shannon Weaver's index
S = the total number of species
3.9. Data Computation
Biomass (standing stock)
After estimation of zooplankton biomass the standing stock values are converted into per
cubic meter and is calculated as follows:

Volume of zooplankton (ml/m3)

Total volume of zooplankton
Volume of water filtered (V)

Wet weight of zooplankton (g/m3)

Total wet weight of zooplankton
Volume of water filtered (V)

Dry weight of
zooplankton (mg/m3)

Total dry weight of zooplankton
Volume of water filtered (V)

Faunal Composition
Total number of zooplankton specimens/ individuals of all groups
Total counts of the specimens (say x).
Volume of water filtered (V)
No/m = x/y (No. can also be expressed/ 100 m3 or 1000 m3)
3

Total number of specimens of a particular zooplankton taxon
Total counts ( x )
Volume of water filtered ( Y )
No/m3 = x / y
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4. Ecological importance of zooplankton
Apart

from

influencing

community

structure and function and therefore
fisheries production, zooplankton can
also contributes to the role of marine
ecosystems as sources of sink for CO2
and other greenhouse gases. When
feeding, zooplankton compacts small,
slowly settling particles into larger ones
(faecal pellets) that can reach the
bottom before being recycled, so that
biogenic carbon can be sequestered in
the sediment, thus enlarging the time
for CO2 to return to the atmosphere.

5. Way of presentation in EIA Report on ecological status
It will be useful to assess the "Ecological Status" of a region before any major project is
initiated so that the baseline status that was recorded can be used as a reference for future
assessments. This will help us to monitor the environment systematically and would enable us
to take any mitigation measures, whenever necessary. The biodiversity or community
structures of flora and fauna of the region react to changes in the environment which
ultimately affect the productivity of that region. There are several statistical methods and
indices to explain these changes and based on the values people classify the ecological status.
One such general method is the classification of Shannon -Weiner diversity Index as given
below.
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Productivity
Status

Species Diversity
(Shannon - H')

Explanation

Bad

0.0 – 1.5

Very highly polluted

Poor

1.6 – 3.0

Highly polluted

Moderate

3.1 – 4.0

Moderately polluted

Good

4.1 - 4. 9

Transitional zone (i.e. pristine to polluted)

High

5.0 and above

Normal/Pristine (i.e. can be a reference site)

6. Various marine activities having impact on zooplankton (ports, harbours)
Zooplankton organisms, which are pelagic, move with water currents and are exposed to
higher/ lower saline and temperature conditions resulting in varying degrees of stress due to
changes in osmoregulatory functions. The continuous release of sea water from the outfall
pipe lines of desalination plants, thermal power plants and other effluents from industrial areas
will also likely to affect their normal functions of zooplankton standing stock. Similarly, the sea
water intake pipelines for various activities will also have major impact on the plankton
organisms. Dredging in the harbour region and trenching activities for laying intake/outfall
pipelines will have suspended particles resulting in transparency of the water column thus
affecting the photosynthetic activity and also coagulation of gills in higher organisms. The
construction of above said activities will result in marginal impacts on aquatic community,
coastal fisheries and aquaculture. But such impact is confined only to a limited period of
construction. The effluent released will get mixed within short range and time and will get
flushed with the tidal currents. It is imperative to see that sufficient precautionary measures
are taken to avoid or reduce the impact.
7. Impact Assessment
Normally no significant impacts are expected on the zooplankton community. The laying and
construction of effluent outfall with diffuser ports will have marginal impact on the marine
ecology. The magnitude of the adverse effect has to be assessed. The major impact on
zooplankton is envisaged through the cooling water intake structure which extends from the
point at which water is withdrawn from the surface water source up to, and including the
intake pumps. The major impact on zooplankton is however, due to Entrainment and
Impingement factors.
Entrainment means the incorporation of all life stages of fish (Ichthyo plankton) and shell fish
with intake water flow entering and passing through a cooling water intake structure and into
a cooling water system.
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Impingement means the entrapment of all life stages of fish and shell fish on the outer part of
an intake structure or against a screening device during periods of intake water withdraw.
8. Mitigation measures to protect zooplankton
Though the construction of outfall and diffuser ports may lead to certain impacts initially on
the aquatic environment, they can be to a large extent overcome by adopting necessary
mitigation measures.
Effluent outfall
•

The concentration of effluent shall be brought down to the extent close to the level
of ambient water quality of creek.

•

The outfall will be designed with proper number and size of ports, which would
enhance the jet mixing of the plume discharge.

•

The effluent after discharging would meet the ambient quality within a short distance
and time.

•

The outfall diffuser should not have any sharp projection to avoid hurdles to the
boats and fishermen moving around this region.

•

The outfall pipeline laid in the creek before the diffuser head may be suitably buried
to avoid hindrance for boat movement if any.

•

The diffuser ports should be placed on the creek bed and the top of the ports should
be well below the water surface.

•

A marker buoy placed close to the outfall would help boats to avoid collusion while
crossing.

Trenching for outfall pipeline
•

The turbidity induced during the trenching can be minimized using controlled
dredging techniques using appropriate backhoe or grab dredger.

•

Temporary monitoring of water quality may be carried out during trenching.

•

The dredged materials can be used as back fill after laying the pipeline in the trench.
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9. Environment Management Plan
The environment management plan (EMP) has to be prepared with guidelines on proper
locations of the outfall, regulations of boats movements, preservation of creek and near shore
ecology. Post project monitoring is necessary. Impacts will be minimized to a large extent by
implantation of appropriate mitigation measures compatible with the ground realities and
requirements in accordance with the norms stipulated by competent authorities.
The MoEF objectives relevant to Marine Management Plan include:
•

Maintain or improve marine water and sediment quality in compliance with
sediment and water quality guidelines documented.

•

To maintain the integrity, ecological functions and environmental values
associated with marine environment both coastal and offshore.

•

To maintain the abundance, species diversity, geographic distribution and
productivity of marine flora and fauna.

•

To ensure that any impacts on locally significant marine communities are
avoided, minimized and/or mitigated.

•

To ensure that appropriate consideration is given to cumulative impacts so
that the proposed activity does not cause considerable damage to the
sustainability of the ecosystem.

•

To protect Specially Protected (Threatened) Fauna in accordance with the
provisions of the Wildlife Conservation Act.

•

To monitor the impact of the proposed activity on the productivity of the
region.
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Appendix I

•

Log Sheet

•

Name of vessel/boat

•

Date of collection

•

Time of collection

•

Sampling depth (m)

•

Gear used

•

Type of haul/sample (horizontal, vertical etc)

•

Number of sample

•

Flow meter reading:

•

Temperature (ºC)

•

Salinity (ppt)

•

pH

•

Dissolved oxygen (ml/l)

•

Displacement volume (ml/m3)

•

Wet weight (g/m3)

•

Dry weight (mg/m3)
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Appendix II
ANALYSIS SHEET
Percentage of sub sample examined:

Groups

No. of specimens Total No in whole
in the sub- sample
sample

•

Pteropoda

•

(Gymnosomata &
Thecosomate)

•

Other Mollusca

•

Cladocera

•

Ostracoda

•

Mysidacea

•

Cumacea

•

Isopoda

•

Amphipoda

•

Euphausiacea

•

Sergestidae

•

Penaeid larvae

•

Brachyura larvae

•

Other Decapoda

•

Copepoda

•

Copepod larvae

•

Bryozoan larvae

•

Brachiopod larvae

•

Phoronid larvae

•

Chaetognatha

•

Echinodermata

•

Copelata

•

(Appendicularia)

•

Salps & Doliolids

•

Pyrosoma

•

Fish eggs

•

Fish larvae

•

Unidentified

No/m3 Occurrence %

Remarks
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ENVIRONMENTAL IMPACT ASSESSMENT FOR FISH AND FISHERIES
Dr. E. Vivekanandan
World Bank Ocean Partnership Project, Bay of Bengal Programme
Inter-Governmental Organisation, Chennai 600018
1. Brief description of fisheries along the Indian coast
Fisheries is the largest food production system to derive raw material from nature. In India, it
has very important role for food supply, nutritional security and livelihood. The Indian fisheries
sector contributes 1% to the country's GDP and has registered an average annual growth rate
of around four percent during the last ten years. The fish production from inland and marine
sub-sectors was 10.8 million tonnes in 2016, of which 37% was from marine capture fisheries
and the remaining from inland capture fisheries and aquaculture.
In the marine sector, the country has 50 fishing harbours and 1281 landing centres. According
to the Central Marine Fisheries Research Institute, the marine fish landings along the Indian
coast was 3.7 million tonnes in 2016 (CMFRI, 2017). This is a 7-fold increase in the last 66 years,
i.e., from 0.5 million tonnes in 1950. The government of India has estimated the Potential Yield
of Indian marine fisheries as 4.4 million tonnes, which indicates that there is a potential to
increase the marine fish catch by 0.7 million tonnes. However, this potential resource is
available only in the offshore area and offshore fishing fleet is necessary to harvest these
resources. It has been recognized that coastal fish stocks are fully exploited and there is limited
scope to increase their production. For sustaining production from coastal fish stocks, a
transformation to a well-managed fishery is needed.
The marine fishing practices have a wide range, and are operated by 72,559 mechanised boats
(with inboard engine), 71,313 motorised boats (with outboard motor) and 50,618 nonmotorised boats (DAHDF & CMFRI, 2012). The major gears are the trawls, gillnets, ringseines,
puseseines, dolnets, hooks and line and longlines. While about 1400 species are caught, 200
species of finfish, crustaceans such as penaeid and non-penaried prawns, crabs and lobsters;
and cephalopods such as squids, cuttlefish and octopus are commercially important. Bivalves
such as mussels, edible oysters and clams also contribute to the commercial fisheries. Among
finfish, oil sardine, Indian mackerel, sciaenids, ribbonfish, bombayduck, threadfin breams,
major perches and carangids contribute substantially to the catches.
The marine sub-sector has experienced four phases of development. Phase I was a predevelopment stage (up to 1965) when fishing was concentrated on small indigenous craft and
gear, and mechanization was in the early stages of introduction. Phase II (from 1965 to 1986)
reflected a major expansion in the use of synthetic net material, focus on exports, increases in
the number of mechanized vessels, government investment in new fishing harbours,
introduction of purse seine harvesting, and the start of motorizing smaller, artisanal boats that

INDOMER

L6 - 1

could extend their range of operation. Phase III (1986 to 2000) was characterized by rapid
growth in motorisation of artisanal fleet, further extension of fishing offshore and extended
voyage fishing, and introduction of seasonal closures of selected fisheries as concerns
developed over depleting fish stocks. The fourth phase (post-2000) is characterised by
depleted fish stocks and increasing conflict over fish resources in the inshore areas on one
hand, and mounting investments on the other. With these developments, the fishery has
expanded from nearshore fishing to the entire Exclusive Economic Zone of 2.02 million km2.
If marine fisheries is not properly managed and open access to the natural resources persists,
it faces ecological and economic overfishing. Most of India's marine fish stocks are either
overexploited or fully exploited with very little prospect for future expansion (DAHDF, 2017).
This is particularly the case in inshore waters where sustaining economic benefits may be
difficult. Catch rates are declining, the marine fishery is overcapitalized by a factor of more
than two; and the large number of boats not actively fishing clearly point to overcapacity and
poor economic returns. Fishing closure for 60 days for mechanised fishing boats is being
followed every year all along the Indian coasts. In spite of promulgation of Marine Fishing
Regulation Acts (MFRA) by maritime state governments, licensing of craft, mesh size
regulation, catch declaration, ceiling on number and efficiency of fishing craft, monitoring,
control and surveillance of fishing vessels remain as issues.
Fisheries operate at widely differing organizational levels ranging from self-employed single
operators through informal microenterprises to formal sector businesses (as in the case of
motorised craft). There are also large differences in the boat types and fishery dynamics
between different maritime states. This sector, therefore, is not homogenous within the
country and maritime states and attention to this fact is warranted when undertaking
environmental impact assessments.
Environmental impact assessments should also consider the prevailing status of fish and
fisheries in the context of overfishing in the focal location. In addition to overfishing, the other
stressors for marine fisheries are pollution, habitat degradation and climate change. These
stressors, jointly or in isolation, significantly influence fish populations by changing their
distribution, metabolism, growth rate, productivity, reproduction, and susceptibility to diseases
and toxins. Fisheries impact assessment needs to be addressed in an integrated way by
considering the issues of all the anthropogenic interferences such as increasing fishing
intensity, damage to physical, chemical and biological integrity of the ecosystems, and climate
change. As fisheries are impacted by the developmental needs of several other prime sectors
such as agriculture, industries, power generation etc, it is not possible to find solution to the
issues from fisheries sector alone. For instance, issues such as water contamination,
enforcement of standards for water discharge, maintaining the quality of river runoff, and
reducing greenhouse gas emissions, have to be addressed by non-fisheries sectors.
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Coastal developments and pollution change the water quality like changes in water
temperature and pH. Most fish species have a fairly narrow range of optimum temperatures
related to their basic metabolism and availability of food organisms. Being poikilotherms, even
a difference of 1o C or 0.1 unit pH in seawater may affect their distribution and life processes.
The more mobile species should be able to adjust their distribution range, but less mobile and
sedentary species may not. Depending on the species, the area it occupies may expand, shrink
or be relocated. The consequences of these stressors on fisheries are negative effects on fish
availability, quantity, price and value of catches, fishing costs, fishers’ incomes and economic
rent. The MFRA primarily focuses on regulating fishing activities and does not emphasise on
addressing fisheries issues in the context of environment. Addressing the impact of
environmental issues on fisheries is left with other instruments such as the Coastal Zone
Regulation Act.
2. Ecological significance of fish and economic significance of marine fisheries
Marine fishes occupy an important position in the marine ecosystem by controlling the energy
flow. With high species diversity and wide range of feeding habit, they occupy trophic level
ranging from 2.0 (herbivores) to 4.5 (apex predators), i.e., they control energy flow from the
bottom as well as from the top of the food web. Considering 5% daily ration for 4.4 million
tonnes of standing stock in the Indian seas, it could be estimated that the commercial fish,
crustacean and cephalopod species may consume 2.2 lakh tonnes of food every day. Fish also
supplies nutrients to the ecosystem by defecating about 20,000 t every day. Being species with
high mobility and migration, they also transfer and disperse energy from the surface to the
bottom of the sea as well as from the coast to the open sea, and vice versa. Large sized-fishes
with longer life span and predatory habit like the tunas, bio-accumulate pollutants and are
considered as sentinels and indicators of ocean health.
Fisheries make crucial contributions to the wellbeing and prosperity of people globally. Today,
fish constitutes an important source of nutritious food and animal protein for much of the
world’s population. Fish and fishery products are among the most traded food commodities
worldwide. In India, marine fisheries are one of the important revenue-earning and
employment-opportunity sectors, contributing significantly to the economy of the country. In
addition to accounting for approximately one percent of the national Gross Domestic Product
(GDP), the marine fishing subsector also forms an important component of the rural coastal
economy. Marine fisheries generate income, employment, and food security for an estimated
3.52 million people living in 8,82,263 households in over 4,000 fishing villages along the Indian
coastline of 8118 km. Close to 100 percent of working people in these coastal communities
are engaged in marine fisheries-related livelihoods. Nearly half are involved full-time in marine
fishing and related work such as processing and trade.
The total value of inventory in the marine fisheries sector in India has been estimated as
Rs 23,668 crores. The annual value of fish catch at landing centre level is Rs 48, 381 crores and
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at retail level is Rs 48,381 crores in 2016 (CMFRI, 2017). The country has exported 1.1 million
tonnes of marine fish products (both from capture fisheries and aquaculture) worth Rs 37,870
crores.
3. Method of collection of fish samples
For obtaining best results from EIA, appropriate methodology should be used in the best
possible way. To find out the suitability of methodology used in the study to address the stated
objectives, the four main aspects of research methodology, namely design, sampling, data
collection and data analysis should be evaluated.
The method of sample collection and adequacy and condition of the sample or specimen
selected for examination are of primary importance. If samples are improperly collected, the
results will be meaningless. Hence, methods of sample collection and sampling protocol
should be clearly defined. Sample size and representativeness of the sample are two aspects
of sampling that need to be carefully planned before beginning the EIA. Large
unrepresentative samples can perform as badly as small unrepresentative samples. Collection
of unbiased representative sample from a large area should be the main focus of the sampling
frame.
The objective of fish collection is to identify all fish species in the habitat using all possible
combinations of gear types. There are a number of methods to collect fish specimens. The
general approach and methodology may vary from case to case, depending on the nature of
the fisheries and the latest development in methods and techniques. Sampling techniques may
require adaptation to the EIA requirements and prevailing conditions. For example, if the EIA
is for a development project like harbour construction, fishing surveys will have to be
conducted in the vicinity of the proposed construction to know the types and abundance of
fish, and the volume of fishing activities around the area. This requires engaging fishing boats
and conducting at-sea surveys following standard sampling procedure. In these surveys, fishes
are collected using nets like the trawl nets and seines, traps, hooks and lines, etc. Although
sampling gear will be selected prior to the survey, the field staff will exercise their judgment in
using any additional gear to ensure that all habitat types are surveyed. Information on
sedentary animals like bivalves can be collected by hand-picking. Often the best results are
obtained by using a variety of gear types to sample, thus ensuring that wide range of fish
species and sizes is collected. If the assessment is on fishes in the coral reefs, snorkelling and
underwater diving will be required and fish abundance can be assessed following line transect
surveys and underwater photography. Snorkelling is generally restricted to a pre-selected
number of habitat units and involves recording the species, numbers (actual), and in most
instances the size classes of fish observed. On occasions of mass fish mortality due to algal
bloom or oil spill, dead fish will have to be collected and analysed. Another source of collection
is buying fish samples from local fishermen and local markets. Individual EIA requirement will
specify in detail the equipment to be employed for the project, based on the existing
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information and expectations for the system. The field staff should understand general physical
and biological principles that affect fish aggregation and the biology and habitat preferences
of anticipated species, sizes of the fish within the sample population. This will improve the
effectiveness of the sampling within the framework of the inventory programme.
Fish abundance indicators should be expressed as the number and biomass of fish caught per
unit effort and area in the sampling gear. This should be done on a species and life stage basis.
More detailed stock assessments may be warranted in some situations. Detailed biological
information should be collected from captured fish including species, life stage, length and
weight, maturity, and age (through analysis of scales, otoliths, or fin rays). When collecting
information on the size of fish in a population, the most important measurement is the length.
For measuring weight of fish in the field, different types of weigh scales can be used.
Commonly used scales include top-loading electronic balances, beam balances, and spring
scales. All fish captured should be identified by species and age class, and measured for length
(± 1 mm) and weight (± 0.1 g).
Sex determination can be done externally or internally, depending on the species. Recording
the maturity of specimens is another important aspect. Accurate determination of maturity is
best accomplished through direct observation of the gonads by dissection in the laboratory.
However, classification can also be done based on external observations in some species.
Careful and correct preservation procedures in both the field and laboratory are important for
ensuring the quality of the collected specimens or tissues. Fixatives of correct concentration,
appropriate containers, clean and sharp dissecting tools, waterproof data form/labels, and
complete observations will add to the quality and value of the sampling. Preservation
techniques vary depending on how the samples will be used. Formalin is commonly used to
preserve collected specimens. It is recommended that a solution of 10% formalin be used for
the preservation of fish specimens.
4. Identification of fish
With growing consciousness about the need to conserve biodiversity, the need for taxonomists
and species identification has been growing. However, more and more individuals without a
taxonomic background, such as fishery inspectors and observers, customs officers, data
collectors, traders and others, have been tasked with the complex and often difficult
assignment of identifying aquatic species. These less experienced users are often faced with
confusing and inadequate information on the species they encounter and to identify them
reliably. Publications such as the species catalogues and field guides produced by the FAO
Fish Finder Programme, and web resources, such as Fish Base (www.fishbase.org) and the
Catalogue
of
Fishes
(http://researcharchive.calacademy.org/research/
ichthyology/catalog/collections. asp) offer guidance to resolve issues regarding the correct
scientific name for a species. The Census of Marine Life (www.coml.org) has finished an
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ambitious and large-scale 10 year project that includes an inventory of aquatic species.
Nonetheless, greater efforts are needed to ensure correct identification of aquatic resources
under management and conservation regimes. For detailed information on different
approaches for fish species identification, refer Fischer (2013).
Scientific identification of fishes is based mainly on external characters such as body shape,
length, depth, mouth and nature of fish spines, scales, etc. The features of fish that are
commonly used for species identification are given in Fig. 1.

Fig. 1. Key features of fish identification (Source:

https://www.daf.qld.gov.au/fisheries/species-identification)
Fish identification keys depend upon measurement of meristic and morphometric
characteristics. A meristic is a countable trait, such as number of gill rakers or number of dorsal
fin spines. Morphometrics examines the size and shape using a measurable trait, such as total
length or standard length or wet weight, which can be gauged as a length, mass, angle or ratio
of other measurements. Meristic traits and morphometrics are often used to classify taxa,
sometimes down to the species level or sub-species level. Prior to modern genetic techniques,
meristics and morphometrics were the principal foundation for fish taxonomy and systematics.
Even today, meristics and morphometrics are commonly used for species identification and
ground-truthing genetic analyses with phenotypic traits.
Among many publications on species identification of Indian fishes, the following are useful
guides for field identification: Jones and Kumaran (1980), FSI (2009), Talwar (1995), Talwar and
Kacker (1984), and Rajan (2003).
5. Various marine activities having impact on fish and fisheries
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Several anthropogenic interferences including fishing cause degradation of environment and
depletion of fish stocks (Table 1). The man-induced alteration of the physical, chemical,
biological and radiological integrity of air, water, soil and other media is causing, in several
cases, irreversible damage to the structure and function of ecosystems. Runoff from domestic,
municipal and industrial wastewater discharges and agricultural fields, solid waste disposals,
discharge from ships, and oil spills from tankers, are some of the major sources that cause
deterioration of water quality, and cause damage to the aquatic organisms, from
phytoplankton to mammals. Agricultural activities are reported to contribute about 50% to the
total pollution source of surface water by means of higher nutrient enrichment, mainly
ammonium ion (NH4) and NO3 derived from agricultural inputs. Sewage effluent contains
industrial waste, municipal wastes, animal remains and slaughterhouse wastes, water and
wastes from domestic baths, utensils and washing machines, kitchen wastes, faecal matter and
many others. Huge loads of such wastes are generated daily from highly populated cities and
are finally washed out by the drainage systems which generally open into nearby rivers or
aquatic systems. Many synthetic organic chemicals (e.g. organochlorines, organophosphates,
PAHs and organometals) are of growing environmental concern in oceans too, because of
their high toxicity and high persistence in the environment and in biological systems. Oil
pollution has been receiving increasing attention with the increase in tanker operations and
oil use and frequent marine tanker collisions and accidents resulting in oil spills. Dams divert
nutrient-rich water from entering into the sea, and obstruct the migratory path of some fishes.
Pollutants such as trace metals and organochlorine pesticides enter the biological systems
through food webs. The metals considered toxic and which are of concern have been restricted
largely, but not exclusively. These include, in order of decreasing toxicity, mercury, cadmium,
silver, nickel, selenium, lead, copper, chromium, arsenic and zinc (BOBLME, 2015). Some marine
pollution may be accidental, for example, oil spills caused by tanker accidents. Some may be
indirect, when pollutants from communities' flow out to sea via storm water drains and rivers.
All marine pollution has the potential to seriously damage marine habitats and life in the sea.
Pollution places extra stress on organisms that are already stressed by overfishing. Such water
quality degradation affects a wide variety of aquatic environments including coastal waters,
wetlands, estuaries, rivers, and reefs creating a serious health risk for wildlife and humans.
Animals in higher trophic levels experience the effects of bioaccumulation and
biomagnification - the process where levels of toxic chemicals in organisms increase as they
eat each other at each successive trophic level in the food web. Depending on the intensity of
damage, the interferences affect the physiological processes of growth and reproduction of
aquatic organisms, mass kills, biodiversity loss and displacement of species. There are several
instances in which recruitment to the fishery is seriously affected causing reduction in fish
catch and revenue returns.
Eutrophication is a major source of mass fish kills. Eutrophication is caused by the release of
excess nutrients into coastal areas via streams and rivers. These nutrients come from fertilisers
used in intensive farming practices on land. Additional nutrients in the sea can lead to
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excessive phytoplankton growth that results in 'blooms'. When these large numbers of
organisms die, the sharp increase in decomposition of the dead organisms by oxygen-using
bacteria depletes oxygen levels. In some cases, this can result in the death by oxygen starvation
of large numbers of other organisms such as fish.
Coastal development is another factor that has a dramatic effect on near-shore habitats and
is one of the primary threats to fisheries with the economic growth of the country. Most
developmental activities in coastal areas replace or degrade natural ecosystems. For species
dependent on specific habitats during some part of their life-cycle, change in land use may
have negative population effects. For example, shrimps depend upon estuaries during part of
their life and economic development near sea shore or along the estuary will have a negative
effect on the shrimp population. Even small local disturbances, e.g., construction of a jetty or
dredging a channel for recreational boating, can have long-term negative effects on vulnerable
coastal habitats. These constructions are often limited in spatial extent, the effects are
localized, and the change is slow. This means that cumulative and long-term effects on the
system become difficult to detect. Although it is difficult to assess the potential impact of a
single development project, it is important for managers to know the shoreline development
status and trends in their area to appreciate the potential cumulative effects of constructions
on fish reproduction and overall biodiversity.
Table 1. Anthropogenic factors other than fishing causing direct or indirect effect on fish and
fisheries
Sl. No
1
2

Types of activities
Discharge of large quantities of
untreated domestic wastewater
Runoff of agrochemicals and industrial
discharge

Possible effects
Faecal coliform and BOD level high;
eutrophication; harmful algal blooms
Affects fish growth and reproduction;
lethal beyond safe level

3

Oil spill from ships, oil wells

4

Ballast discharge

Hydrocarbon has long life and has
potential to cause mortality
Introduction of exotic species

5
6

Removal of mangroves
Mining of coral for lime

Destruction of nursery grounds
Degradation of coral ecosystem

7

Unplanned tourism, urbanization

8

Terrestrial runoff of silt due to land
reclamation and deforestation

9

Construction of dams

10

Climate change related activities

INDOMER

Beach erosion and habitat
disturbance
Change in coastal ecosystem; affects
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Quantity and quality of water
reaching the sea reduce
Decline in fish biomass; biodiversity
and economic loss
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In brief, the root causes for the negative effects on fisheries are (i) Increasing coastal
population density and urbanization; (ii) Coastal development and industrialization; (iii) Lack
of proper coastal development plans; (iv) Increasing trade in products from coastal habitats;
(v) Ineffective marine protected areas and lack of enforcement; (vi) Upstream development
that affects water-flow; (vii) Intensive upstream agricultural practices; (viii) Increasing tourism;
and (ix) Insufficient funds allocated to waste management (BOBLME, 2011).
6. Impact Assessment
Convention on Biological Diversity (CBD) defines Environmental Impact Assessment (EIA) as
"A process of evaluating the likely environmental impacts of a proposed project or
development, taking into account inter-related socio-economic, cultural and humanhealth impacts, both beneficial and adverse" (CBD, 2006).
The United Nations Environment Programme (UNEP) defines EIA 'As a tool used to identify the
environmental, social and economic impacts of a project prior to decision-making'. It aims to
predict environmental impacts at an early stage in project planning and design, finds ways and
means to reduce adverse impacts, shapes projects to suit the local environment and presents
the predictions and options to decision-makers. By using EIA, both environmental and
economic benefits can be achieved, such as reduced cost and time of project implementation
and design, avoided treatment/clean-up costs and impacts of laws and regulations.
Although legislation and practice vary around the world, the fundamental components of an
EIA would necessarily involve the following stages (for more details, refer CBD, 2006):
(i)
(ii)

(iii)

(iv)

(v)

Screening to determine which projects or developments require a full or partial
impact assessment study;
Scoping to identify which potential impacts are relevant to assess (based on
legislative requirements, international conventions, expert knowledge and public
involvement), to identify alternative solutions that avoid, mitigate or compensate
adverse impacts on biodiversity (including the option of not proceeding with the
development, finding alternative designs or sites which avoid the impacts,
incorporating safeguards in the design of the project, or providing compensation
for adverse impacts), and finally to derive terms of reference for the impact
assessment;
Assessment and evaluation of impacts and development of alternatives, to predict
and identify the likely environmental impacts of a proposed project or
development, including the detailed elaboration of alternatives;
Reporting the Environmental Impact Statement (EIS) or EIA report, including an
environmental management plan (EMP), and a non-technical summary for the
general audience.
Review of the Environmental Impact Statement (EIS), based on the terms of
reference (scoping) and public (including authority) participation.
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(vi)

Decision-making on whether to approve the project or not, and under what
conditions; and

(vii)

Monitoring, compliance, enforcement and environmental auditing. Monitor

whether the predicted impacts and proposed mitigation measures occur as defined
in the EMP. Verify the compliance of proponent with the EMP, to ensure that
unpredicted impacts or failed mitigation measures are identified and addressed in
a timely fashion.
In short, the objective of EIA is to aid decision-making and environmental accountability. The
steps involved in EIA process are given in Fig. 2.
Screening
EIA not required
EIA required

Scoping

Impact analysis

Impact
management

EIA report

Public
involvement

Review
Not approved

Decision making

Redesign/Revise,
resubmit

Approval

Implementation
Post-EIA
monitoring

Fig. 2. Steps in EIA process
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Essentially, a fisheries impact assessment study shall consist of 5 parts of equal importance:
Provision of comprehensive and accurate baseline information on fisheries;
Prediction of potential fisheries impacts;
Evaluation of the significance of the impacts predicted;
Recommendations of cost-effective and practicable alternatives and mitigation
measures;
(v) Recommendations of an appropriate monitoring programme.
(i)
(ii)
(iii)
(iv)

An important aspect of EIA on fisheries is to recognise that impacts of any development activity
like construction of harbour or desalination plant or industry; or disasters like oil spill affect
the entire ecosystem and its components, and not the fish in isolation. Fish, being highly
mobile, have the capacity to move away from the location of disturbance, but it is the larger
ecosystem impact that will affect all the organisms that are embedded within the ecosystem.
However, in majority of ecosystems, fisheries have the highest economic and social relevance,
and hence it is imperative to pay more attention to assess the extent to which fisheries are
affected. Thus, a fisheries impact assessment is often a part of an EIA, and evaluates the impacts
on the ecosystem including fish, other organisms and habitats and aims at providing sufficient
and accurate data to allow a complete and objective predictions and evaluation of potential
impacts on the ecosystem, including fish and fisheries.
6.1 Fisheries baseline information
A fisheries assessment study shall provide adequate and accurate baseline data of a proposed
development site and its adjacent area of probable impact (the study area) for accurate
prediction and evaluation of fisheries impacts. The baseline study shall include the following:
(i) Review and collation of existing information
Existing information regarding the study area have to be reviewed. Such information includes
both published and unpublished materials. Useful information could also be obtained from
consultation with local communities, marine and fisheries biologists, and non-government
organizations and relevant government departments.
The accuracy and usefulness of the fisheries information obtained must be carefully evaluated
before adopting it in the EIA report. Aspects such as the time of survey (is the information out
of date?), methodology, etc. have to be taken into account. If there are doubts, they may be
verified by on-site survey(s).
(ii) Field Surveys
Based on the results of (i) above, the study shall identify data gap and determine if there is any
need for field surveys. The primary aim of the field surveys is to fill the data gap and gather
INDOMER
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adequate information for subsequent fisheries impact prediction and evaluation, formulation
of proposed mitigation measures and monitoring requirements. If field surveys are considered
necessary, the study shall recommend appropriate methodology, duration and timing for the
field surveys. The field surveys and laboratory analysis must be undertaken by suitably trained
and competent personnel with adequate knowledge in fisheries and laboratory works. The
data obtained shall be quantified and statistical analysis shall be applied wherever appropriate.
(iii) Fisheries information required for fisheries impact assessment shall include, but not be
limited to
a.
the volume and status of fisheries resources and composition of commercially
important species in the study areas;
b.
the level and pattern of fishing activity and fisheries production in the study
area;
c.
sites of fisheries importance such as nursery and spawning grounds of
commercially important species of fish, crustaceans, molluscs and other marine
organisms, and seasonal occurrence of juvenile and spawning stocks in the
study area;
d.
activities other than fisheries in the EIA area.
6.2 Example of a study on the impact of structural construction activities on fish and
fisheries

Alternate options
Before beginning the EIA, it is important to assess the non-structural and institutional options
that may exist as an alternative to structural construction that is planned. For example, if the
plan is for construction of a fishing harbour, (i) what is the distance from the nearest existing
fishing harbour? (ii) how the fish are landed and marketed without a fishing harbour in the
locality where the new harbour is proposed? (iii) how many boats are likely to use the new
harbour? (iv) how much it is economically viable? (v) is it possible to use a non-structural or
institutional mechanism like opening new avenues by changing fish marketplace? Some of
these questions would have been answered while developing the plan for construction of the
harbour, but answers to these questions will be important inputs to the EIA process. If no
specific alternate option can be identified as fulfilling the objectives of harbour construction,
the structural construction plan can be considered as the only option for the development of
the locality/sector.

Examining the plan
The following information on the proposed harbour need to be collected: (i) Location of the
plan: nearness to any vulnerable/critical area, Marine Protected Area; (ii) Plan of construction:
the extent of area the harbour will be occupying; (iii) harbour design layout including
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construction of an adequate breakwater; (iv) availability of adjacent land area for harbour
related activities, future expansion; (v) information on the type and number of fishing vessels
that would be using the harbour, etc.

Environmental impact
For impact assessment of harbour construction, the following vital information need to be
collected:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)

How much area (ha) will be affected (or how much is the area of construction
of harbour and breakwater)?
How much area will be dredged and how much will be filled?
What are the features of environmental parameters?
Are these productive areas (how much is phytoplankton productivity)?
What are the aquatic and terrestrial organisms present (all organisms to be
inventoried using proper method)?
How many organisms will be displaced (sedentary organisms may be reduced,
but new habitat may be created).
How much post-construction activities like harbour maintenance, other related
small industries are anticipated?
What are the likely impacts of post-construction activities on organisms?
What would be the cumulative impact of many years of harbour operation?

Economic impacts
The economic impact of harbour construction is primarily to benefit the community. The
availability of protected anchorage in the vicinity of fishing grounds would ensure safety of
men and material and reduce the cost of fishing operation. The presence of harbour would
reduce damage to the boats and allow the communities to optimise their fishing activities. The
other tangible economic benefit would be related to development of services industry like
boat services yard, ice plants, net mending yards, fish markets, road transport services, fuel
bunks, etc. The fish catch also may possibly increase. The weighted average market price for
freshly caught fish applied to increased fish catch gives the corresponding economic benefit.
This benefit, combined with the estimated value of other benefits mentioned above from
related activities results in total amount of economic development benefits.
Economic analysis of environmental impacts provides one means of quantifying the severity
of the impacts. The net environmental benefit or loss provided by a project can be evaluated
if monetary values are assigned to environmental and social components. Project options may
be compared by their net economic impact. For example, if a project is anticipated to cause
negative impacts to fisheries, resulting in quantifiable loss of income to local fishermen and
subsequent losses of income to fish marketers or processors, an appropriate mitigation
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measure may be suggested that would at least offset the economic losses from the original
fishery. Economic analysis of the projects should include the present value of all benefits and
all costs compared in the form of internal rate return on investment, and net present value.
Cost-effectiveness of mitigating measures may have to be presented separately. The net of
economic cost and benefit impacts may be totalled by component, by implementation phase
of the project, and for the project as a whole. If a cost-benefit analysis has been undertaken,
the EIA report should spell out the factors taken into account and define the key assumptions.
These assumptions include: 1) setting the discount rate if applicable; and 2) specifying any
constraints on costs.

Social and cultural impacts
The construction and operation of the harbour and the associated developments may provide
new employment and income opportunities to the local fishing community members. These
developments would also increase outside influence on the lifestyle of local residents, which
would influence their cultural systems. It is important to assess these potential social changes
in the EIA.
Opinion of the local residents other than the fishing communities needs to be obtained in the
planning stage of new harbour construction. Local residents will have anxiety about the
possible effects on their lifestyle and culture because of rapid development related to harbour
construction. It is important that all the stakeholders are consulted for preparation of the EIA.
For many years, experienced fisheries social scientists have discussed developing a fisheries
model for social impact assessment (SIA) that would be more compatible with the approaches
taken by fisheries biologists and economists when assessing potential effects of development.
SIA will be more useful if those assessments are provided in a format analogous to fisheries
economists and fisheries biologists formats. How to incorporate the social values of fishing
communities into planning and decision-making? It is unlikely that community information
can be used in fishery plan development or amendment processes when it is presented in a
qualitative, descriptive format. For arriving at quantitative terms, the opinion of stakeholders
on the potential impacts has to be obtained in the form of questionnaires. Proper sampling of
respondents and selection of questions are important to arrive at meaningful SIA. The
questions will differ depending on the focus of the proposed project activity. Analysis of the
response and proper statistical application of results will provide valuable information on the
social impact as well as for recommending suitable remedial measures.
6.3. Prediction of Impacts
The purpose of impact prediction is to assign relative significance to predicted
impacts associated with the project, and to determine the order in which impacts are to be
avoided, mitigated or compensated. Prediction is to identify the magnitude and other
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dimensions of change in the environment/fisheries, in comparison with the situation without
that project (Fig. 3). For example, due to construction of new fishing harbour, what are the
long-term and short term effects; in the short term will the fish population and the food
organisms reduce; in the long term, will the fishing activity increase, and how it will affect fish
population; and how it will impact marketing the produce.

Predicted
changes

Direct

Generated

Indirect

Cumulative

Impact time
scale

Impact
spatial scale

Fig. 3. What to predict in impacts?
Based on the project profile and fisheries baseline information gathered, the fisheries impact
study shall predict potential fisheries impacts caused by a proposed development activity. All
potential impacts, including direct, indirect, long term, short term, on-site, off-site, primary,
secondary, tertiary, induced, additional, synergistic, cumulative impacts, etc, shall be listed out.
Suitable methodology such as checklists (descriptive, scaling, etc.), matrices, networks, features
mapping, etc, shall be used and clearly stated whenever applicable. The nature and extent of
impacts on fisheries shall be described and quantified.
Prediction of impacts on fisheries shall take into account, but not exclusively rely upon,
assessments for water quality and ecological impacts.
The following methods are available for predicting the impacts:
(i)
Extrapolative methods: based on past and present data (trend and scenario
analysis, Delphi method from group discussion)
(ii)
Normative methods: fulfilment of desired objective (for e.g., employment
generation)
(iii)
Mathematical models: cause-effect relationships
(iv)
GIS models: prediction from satellite mapping of existing resources and analysing
the effect using GIS techniques
(v)
Laboratory and field experiments: for example, movement of fish from and to the
project location before project commencement
(vi)
Expert judgements: transferring experience from elsewhere
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6.4. Evaluation of EIA
The predicted impacts of a proposed development on fisheries has be evaluated as
systematically as practicable using well defined criteria through a Monitoring and Audi
Programme. While EIA is a procedure for predicting environmental impacts of projects prior
to their development, post-auditing seeks to assess the accuracy of such predictions. The
purpose of fisheries monitoring and audit are to:
(i)
(ii)
(iii)
(iv)

verify the accuracy of the predictions of the fisheries impact assessment study;
detect any unpredicted fisheries impacts arising from the proposed development;
monitor the effectiveness of the mitigation measures; and
provide feedback to improve future applications of the EIA process.

The general criteria used for post-audit are presented below:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)

Is the EIA based on clear and specific legal provisions?
Have the relevant environmental impacts of all significant actions been assessed?
Has scoping of the environmental impacts of actions taken place and specific
guidelines produced?
Has the EIA met the prescribed content requirements?
Have the EIA results be publicly reviewed and the proponent respond to the points
raised?
Have the findings of the EIA report and the review are central to the decision on
the action?
Has consultation and participation taken place prior to, and following, EIA?
Is there need to monitor the EIA predictions, and if necessary, incorporate feedback
from experience?

7. Proposing mitigation measures
Mitigation aims to maximise positive impacts and minimise negative impacts by reducing
undesirable effects of a proposed action on the environment/fisheries. For developing
mitigation plan, the likely adverse effects associated with the development project need to be
identified. For this, the cause of the effect, what is affected and the mechanism by which it is
affected, should be identified. For example, the adverse effect of harbour construction could
be fish migrating away; the cause is regular oil spill from fishing boats; the mechanism of effect
is that the boats are not maintained properly. Hence, mitigation is to avoid oil spill by proper
maintenance of boats, which could be achieved through awareness building and convince the
boat owners for proper boat maintenance.
The mitigation option is to (i) avoid, (ii) reduce, (iii) remedy, (iv) compensate. In the example
given in the previous paragraph, there is a possibility of achieving any of the first two options.
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In the context of mitigation of overall project, the general policy for mitigating impacts on
fisheries, in order of priority, are:

(i)

Avoidance

Potential impacts shall be avoided to the maximum extent practicable such as adopting
suitable alternatives (e.g. change of site, design, construction method, alignment, layout,
programme, etc.). In extreme cases when the fisheries impact assessment study identifies some
very serious but non-mitigatable impacts, and there is no other alternative, the only realistic
option shall be included and assessed against all other options.

(ii) Minimizing
Unavoidable impacts shall be minimized by taking appropriate and practicable measures such
as confining works in specific area or season, restoration (and possibly enhancement) of
disturbed fisheries resources and habitats, etc.

(iii) Compensation
When all possible mitigation measures have been exhausted and there are still significant
residual impacts or when the impacts are permanent and irreversible, consideration shall be
given to off-site compensation. It may include enhancement of fisheries resources and habitats
elsewhere.
The mitigation plan should cover all aspects of the construction and operation phases related
to environment and fisheries. The mitigation plan needs to be implemented right from the
conception and should continue till the end. Implementation of Environmental Mitigation
Measures is the most important task of EMP.
The mitigation plan will be included in the Environment Management Plan.
8. Environmental Management Plan
Environmental Management Plan (EMP) for fisheries describes how an action might impact on
the natural environment in which it occurs and set out clear commitments from the party
taking the action on how those impacts will be avoided, minimised and managed so that they
are environmentally acceptable. EMP is submitted during the EIA process and may be part of
the documentation considered by the decision maker, when deciding whether to approve a
proposed action.
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An EMP should (Anon, 2014):
(i)
(ii)

be balanced, objective and concise;
state any limitations that apply, or should apply, to the use of the information in the
environmental management plan;
(iii) identify any matter in relation to which there is a significant lack of relevant information
or a significant degree of uncertainty;
(iv) include adaptive management strategies for managing uncertainty;
(v) be written in a way that is easily understood by other parties;
(vi) clearly present how conclusions about risks have been reached; and
(vii) ensure that the person taking the action takes full responsibility for the content and
commitments contained in the plan.
8.1 Ecosystem approach to fisheries management
For fisheries, Ecosystem Approach to Fisheries Management (EAFM) could be an umbrella EMP.
One of the major issues encountered in India is degradation of coastal ecosystem due to
coastal development activities, with the most serious being smothering by land filling and
pollution. In this context, effective management could be achieved by following an ecosystem
approach, in which multiple regulatory measures and management actions could be applied
in full consideration of aquatic species, the ecosystems in which they live and the
developmental systems that degrade the ecosystems. Applying EAFM is considered the
preferred option and best practice for the long-term sustainability of fisheries and the services
that fisheries ecosystems provide to society (e.g., food security, livelihoods, economic security,
coastal protection, human health and well-being). In ecosystem approach, it is crucial to get
the commitment of governments, fishery managers, fishermen, scientists and other
stakeholders to develop, apply and strictly enforce the management measures to sustain the
resources for current and future generations. Ecosystem approach attempts to achieve
ecological well-being and human well-being through good governance.
For EAFM, for example, the proposed coastal development activity for which the EIA is carried
out, has to be considered as the focus and the five steps mentioned below (Fig. 3) may be
followed:

INDOMER

L6 - 18

Fig. 3. EAFM framework (Source: BOBLME, 2014)

Step 1. Define and scope the management unit and geographical area
As the first step, the management unit should be defined. In this case, it would be the project
area of coastal development, for example, a fisheries harbour. The geographical area of the
ecosystem to be managed should be clearly defined based on the distribution of the resource
and the geographical extent of the fishery. The final choice of the geographic area for the
management plan will depend on a number of factors, covering all fishing subsectors like
traditional boats, pole & line fisheries, etc. After agreeing to the management unit and
geographical area, the stakeholders have to agree on a vision to the EAFM plan, which is a
long-term statement of the aspirations of the stakeholders. For scoping the management unit,
background information on the resources, gears, people and information relating to economic,
social, environmental and governance factors need to be collected.

Step 2. Identify and prioritise threats and issues in the ecosystem
The next step is for stakeholders to undertake an initial evaluation of threats and issues in the
selected ecosystem. These threats and issues should be summarised into three categories:
ecological well-being, human well-being and governance. Often, a large number of issues will
be identified by the stakeholders that need to be prioritised so that a manageable number of
addressable issues could be shortlisted. The shortlisted issues are of high priority and therefore
need to be managed directly. While considering the issues, it is useful to group them into
separate themes (for example, those concerned with fishing, environment, trade, communities,
etc). After this, a goal may be developed for each theme that would relate to the overall vision
of the plan. A reality check needs to be undertaken at this stage to decide whether the goals
are really achievable.
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Step 3. Develop EAFM plan
Clear and appropriate management objectives should be developed for all high priority issues
requiring management. It is also important to develop indicators and benchmarks for the
objectives to enable the stakeholders to assess whether the objectives are being achieved. The
management actions needed to meet each specific objective and how the actions will be
complied with, should be discussed with the stakeholders. Collectively, the objectives,
indicators, benchmarks and management actions provide a means to communicate with
decision makers on how management is performing and will influence future changes in
management. After identifying financing to support implementation of the plan, the Plan can
be finalised.

Step 4. Implement the Plan
A simple work plan should be developed that outlines who does what tasks during
implementation, and by when. The Plan should be formalised so that it has the authority and
backing. A communication strategy needs to be developed to inform the stakeholders. The
appropriate governance arrangement needs to be clearly defined. The implementation may
establish co-management arrangements. This will take time and require strengthening
institutions and developing human capacity.

Step 5. Monitor, evaluate and adapt
Monitoring the indicators and benchmarks allows management to see if the plan is on track
and to take remedial action if necessary. Reference points give the management plan predefined limits by which management effectiveness can be gauged during, and at the end of a
management cycle. Hence, indicator information should be collated and reviewed periodically
to assess whether the management actions are meeting the objectives as planned.
By monitoring the data, the plan can be adapted if there is sufficient evidence to indicate that
a change is necessary. A long-term review also should take place to assess how the Plan is
performing. In the light of long-term data and reviews, the Plan may need to be adapted
considerably to allow unforeseen elements and to incorporate the lessons learned.
9. Presentation of EIA report
Report writing is an important part of any EIA study to enable communication of the findings
of the study to a wide range of professionals, decision makers, administrators, and the general
public. It is essential that the report be concise. The format and presentation of the report may
vary with the EIA teams and practitioners. Each EIA report should ideally be tailored to fit the
circumstances of the project. However, it is useful to follow certain general guidelines to fit
together the essential components of the study so as to generate a coherent advisory report
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helpful to the decision makers as well as the general public (European Union, 2017). A brief
description of the typical contents of each chapter of an EIA report is given below:

Chapter 1: Introduction
This chapter would be introductory in nature and should provide a background of the project.
It presents a review of the existing situation and demonstrates the need for the proposed
project. Details regarding the composition of the EIA study team, the budget adequacy (in
professional person months), work plan, and the report organization should also form a part
of this chapter.

Chapter 2: The site and surroundings
The site and surrounding areas should be described in this chapter, in accordance with the
prevailing guidelines. Published literature can be the major source of information for this
chapter. This information can be augmented by field studies. The chapter should include the
following information:
• A description of the location and layout, including a vicinity map.
• Existing land use patterns; emphasis on existing fisheries and other related activities.
• Demographic profile which includes population density, population centres, and
employment statistics.
• Different types of fishing craft and gear; fish landings in the area
• Hydrology and water quality of the inshore area
• Ecology; ecological data to include a description of aquatic and terrestrial ecosystems in the
area. Rare and endangered species, if any, will be highlighted.
All the baseline information to be included in this chapter would be collected by monitoring
for sufficient period as per the requirement of EIA.

Chapter 3: About the project
This chapter should describe the relevant systems of the proposed project. This should include
the structural layout, inclusive of the drainage system, description of materials utilized and
produced (mass balance), design criteria adopted, and the access ways to be used. Project
information should be described in terms of site preparation, construction, operation on site,
transportation, welfare, and closure.
Attributes of all the major activities should be described so as to appreciate their size and
duration. For example, in the case of EIA of new fishing harbour, the number and categories
of boats that would docked, other related infrastructure facilities like fuel points, water supply,
drainage system, ice plants, markets, transportation facilities, etc. should be specified.
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Chapter 4: Environmental effects of project operation
The anticipated impacts of the project operation on the environment should be described in
this chapter. Impacts on air quality, water quality, fisheries, and aquatic and terrestrial
ecosystems have to be stressed. A logical use of the information presented in Chapters 2 and
3 should form the crux of Chapter 4. EIA methods such as matrix and network, together with
tools such as prediction models, may be useful at this stage. All direct and indirect (first order
and higher order) impacts should be speculated at this stage. To assist in this exercise, tools
of prediction modelling may also be used, if necessary.

Chapter 5: Evaluation and analysis of impact
The type of evaluation method or tool, for example, weighted/scaled matrix, network, GIS,
index method, cost-benefit analysis, etc., used to quantitatively evaluate the impact due to the
proposed action, should be highlighted in this part of the report. Expert systems may also be
useful for this evaluation.
Interpretation of the results is a critical part of an EIA. Interpretation is the process of making
sense of numerical data that has been collected, analysed, and presented. For this, proper
analysis of data with the goal of discovering useful information, suggesting conclusions, and
supporting decision-making is necessary. In the absence of interpretation, the data simply
remain as numbers without conveying anything.

Chapter 6: Environmental Management Plan (EMP)
This chapter should describe in detail the implementation plan to be adopted by the
proponent during plant operation for the mitigation, protection, or enhancement measures
which are recommended in Chapter 5. The EMP should contain an implementation plan for
each of the mitigation, protection and enhancement measures. The chapter may be structured
as follows:
• objective;
• work plan;
• implementation schedule (step-by-step approach as specified in Section 8.1 above)
•manpower requirements;
• budgetary provision for EMP.
This chapter is the most crucial and significant part of the entire EIA report. It is therefore
essential that this chapter be presented with precision and clarity. It might be useful in this
case to identify issues of significance due to the project and specify the corresponding
mitigation measures. Representation of this in a tabular form may be useful.
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Chapter 7 Environmental monitoring programmes
The proposed monitoring programmes to be implemented to monitor environmental impacts
due to the operation of the project should be described in this chapter. The programmes
should be initiated prior to the commencement of the construction activities. The following
sections have to be discussed:
• coastal water;
• fisheries;
• ecological: aquatic and terrestrial;
• socio-economic condition.
9.1. Review of the EIA report
Review is one of the quality control functions contributing to the effectiveness of EIA within
any EIA system (DEAT, 2004). The review of the quality of an EIA report is conducted to ensure
that the report addresses issues raised during scoping and is sufficient for decision-making. A
systematic, open review process assures decision-makers that the information is credible. The
key objectives of a review are to:
(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)

review the quality of the report from a range of stakeholder perspectives.;
determine if the information is sufficient;
identify any deficiencies to be corrected;
comply with terms of reference;
find out whether the information is correct and technically sound; and
find out if the information is sufficient for decision making;
recommend to the authority how and when the shortcomings in the EIA report
should be remedied, and to assist in decision making.

The first step of the technical review involves checking the draft EIA report for adequacy of
information. Modifying and supplementing the draft EIA report may be possible at this stage.
The second step involves checking the final EIA report for quality and accuracy of
information/data.
The review has to examine whether the assessment is on par with international standards and
complies with national standards and requirements. The review will identify areas of distinct
shortcomings. Often, the quality of EIA reports can be significantly improved by a review. Thus
the review is both an inherent part of the EIA process, and also as a tool that can be used to
improve the quality of an EIA and enhance its credibility. Normally, the EIA report is reviewed
by an independent third party.
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10. Conclusion
The EIA documents the information and estimates of impacts derived from various steps in
the process. An EIA can avoid adverse impacts and contribute to improvement of a proposed
development plan. However, how much the EIA helps sustainable development, is largely
unknown. While EIA methods and practices vary from sector to sector depending on the nature
of the development project, nowadays greater emphasis is given to the socioeconomic
dimension, to public participation and monitoring after the decision is made. The interaction
of social and economic developments with the natural environment and the reciprocal impacts
have been recognised by governments, and in future, these aspects will assume more and
more importance. The effectiveness of EIA depends on the proponents, executing agencies,
decision makers and the implementing organisations. To enhance effectiveness, the EIA should
focus more on the nature and operation of diverse causes, methods, analysis and
interpretation.
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MARINE BENTHOS AND ITS IMPORTANCE IN ENVIRONMENTAL IMPACT
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Parangipettai 608 502
1. Description of intertidal and subtidal benthic biotopes
1.1. Intertidal
The intertidal zone, also known as the littoral zone, in marine aquatic environments is the
area of the foreshore and seabed that is exposed to the air at low tide and submerged at
high tide, i.e. the area which lies between the high and low tidal extremes. In the intertidal
zone the most common organisms are small and most are relatively uncomplicated
organisms. This is for a variety of reasons; firstly the supply of water which marine organisms
require to survive is intermittent. Secondly, the wave action around the shore can wash away
or dislodge poorly suited or adapted organisms. Thirdly, because of the intertidal zone's high
exposure to the sun the temperature range can be extreme from very hot to near freezing in
frigid climates (with cold seas). Lastly, the salinity is much higher in the intertidal zone
because salt water trapped in rock pools evaporates leaving behind salt deposits. These four
factors make the intertidal zone an extreme environment in which to live.
Rocky Shore
A typical rocky shore can be divided into a spray zone (also known as the Supratidal Zone),
which is above the spring high-tide line and is covered by water only during storms, and an
intertidal zone.
The rocky intertidal region can be divided into four vertical zones. These zones are based on
height and tidal influence. These four zones include from the highest to the lowest: the
splash zone (above the spring high-tide line), the high intertidal zone, the mid-intertidal
zone, and the low intertidal zone. The splash or spray zone is the highest and driest area.
The splash zone is moistened by saltwater spray from waves and freshwater runoff from rain
and streams. This relatively dry area is sparsely populated. Few organisms can withstand the
extreme fluctuations in moisture, temperature, and salinity found in this zone. The high
intertidal zone is completely covered with water only during high tide. Parts of this region
are exposed to the air for long periods as the tides recede. The inhabitants of this area are
sturdy individuals. They can remain wet even if they are exposed to the sun and wind. The
organisms in this area have also developed attachment devices to help them resist the force
of the waves. These devices include muscular feet, suction cups, byssal threads, or holdfasts.
The mid-intertidal zone is the area between the average high tide and low tide mark. This
region is covered by water during most high tides, but it is exposed to the air during most
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low tides. This environment contains a more diverse group of organisms, than either the
splash zone or high intertidal zone. This area is also highly populated. Organisms that live
here must overcome space and competition problems. To overcome some of these
problems, organisms have developed specialized niches within the community. Some
organisms grow more quickly than others, so they can find the required space. Others grow
in layers on top of each other to take up less room. The low intertidal zone is the area
between the average low tide level and the lowest low tide level. This area stays moist during
most low tides making it an ideal home for many kinds of organisms. The low intertidal zone
also has lots of food as nutrients are circulated in near shore waters. Much plankton are
found within this habitat, and grazers enjoy the rich abundance of algae available.
These four zones can be different from place to place. Some of them may contain highly
specific microhabitats such as tide pools. Tide pools are created as tides recede leaving rocky
depressions filled with water. These areas are interesting and fun to explore, because they
are home to some unusual creatures. The organisms within the tide pools have had to adapt
to extreme changes in salinity. They are able to survive falling salinity levels as rain freshens
the water. They can also withstand rising salinity levels as the sun and wind evaporate the
water leaving the salt concentrated.
Hardy organisms can be found within the high intertidal zone. They can withstand the
pounding waves and extremes in temperature, salinity, and water availability. One such
organism is the barnacle. This interesting creature is a crustacean and a relative of the
shrimp. Like other crustaceans, it has a tough, protective covering made of chitin. During
their juvenile stage, barnacles swim freely about in the water column as larvae, feeding on
their choicest foods and finally search for a place to settle down. Once they find a place to
settle, they produce glue. This glue oozes from their head. They use this glue to attach
themselves to the substrate. This keeps them from being tossed about by incoming waves.
Once anchored in place, they begin to build a home of calcium carbonate plates. Four plates
make a door that can be opened and closed. This door protects them from predators or
keeps them from drying out. Once their home is complete, they use their feathery legs to
filter food from the water. These legs, called cirri, have sensory organs that can locate
plankton in the water. As the barnacle grows, it must shed its chitin shell and enlarge its
home. When it is time to reproduce, the hermaphroditic barnacles extend sperm filled tubes
to neighboring barnacles. Fertilization takes place and the cycle begins again.
Organisms in the mid-intertidal zone must also adapt to wave action and try to prevent
drying out. An animal typically found in this zone is the mussel. Mussels are bivalve mollusks.
This means that they have two shells or valves that are hinged on one side. They also have a
muscular foot for locomotion. During reproduction sperm and eggs are released into the
water. The eggs are then fertilized. Mussel larvae develop and float in the water until they
find a place to settle. Once settled, they secrete fibrous threads from a gland in their foot.
These byssal threads help the mussel to adhere on to the rocks. Mussels live close together.
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They eat by filtering small particles of organic matter from the seawater. They close their
shells tightly to keep in moisture while the tide is out or to protect themselves from
predators such as the sea star.
The low intertidal zone is home to organisms that have developed special adaptations to live
within this region. Two organisms that we will take a closer look at are the sea anemone and
the ochre star. Sea anemones have a cylindrical body and a central mouth surrounded by
tentacles. These tentacles contain stinging cells called nematocysts that are used to stun prey
such as small fish. The anemone then swallows and digests the prey. The waste products are
released back into the water through its mouth. Sea anemones can reproduce in two ways. In
sexual reproduction, fertilized eggs are released in the water column. In asexual
reproduction, anemones create clones. These clones can form large colonies where intruders
are not welcome. Threatened anemones may shrivel up, or they may fight using a specialized
tentacle containing many nematocysts for stinging their enemies. To prevent drying out,
anemones can turn their tentacles inward and shrink or move to a moist location using a
special foot called a pedal.
The ochre sea star is an echinoderm or spiny skinned animal. Its reproductive cycle begins
with the releasing of eggs and sperm into the water. The fertilized eggs continue to divide.
Eventually they become larvae. These larvae develop through two stages. The first freeswimming larval stage eats small plankton. The second larval stage develops arms and a
suction cup base. It attaches itself to a rock with a tube foot and grows into a juvenile sea
star. As these animals grow, they become very hungry. They must move about to hunt for
food. They use their water vascular system to operate their tube feet. In this system, water
enters and exits the sea star through an opening on its back. This opening is called the
madroporite. As water flows through the sea star, it can create suction that helps the tube
feet to stick to surfaces. The sea star also uses its water vascular system to help it open
bivalve shells. When the sea star is ready to eat, it grips its prey with its tube feet and wraps
its arms around the shell. Using waterpower, it pries open the shell. It then expels its stomach
into the opening. Digestive juices dissolve the soft tissues of the bivalve. Sea stars also have
interesting ways of protecting themselves. The tough integument or outer covering of some
sea stars keeps them from drying out. Some sea stars can stay out of water for 50 hours.
They can also regenerate lost arms, so they can continue their predatory life style.
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Illustration of rocky shore
Sandy shore
Sandy ecosystems are the most common intertidal habitat around the world. They are
constantly changing through time. The sediment on coastal beaches is sorted by the physical
action of water currents, wind and waves. How much the sand grains are sorted depends
greatly on the amount of wave action, geographical location and beach aspect. Sandy
beaches generally lack attached plants in the intertidal zone. Abundant phytoplankton
composed of uniquely adapted species is common in dissipative surf zones where they form
an important component of the food web. The intertidal area of beaches is not marine
deserts but provide habitat for a wealth of animals buried beneath the sand surface. The
porous sand body harbours small interstitial organisms (bacteria, protozoans and small
metazoans) forming a distinct food web. Larger invertebrates of the sandy beach include
polychaete worms, clams, whelks and crustaceans, which can be scavengers, predators, and
filter- or deposit feeders. Beach species include marine forms below the drift line and airbreathing forms around and above the drift line. Most species typical of beaches are found
in no other environment. Key adaptations of invertebrates on sandy beaches are: mobility,
burrowing ability, rhythmic (e.g. tidal, circadian, semilunar, lunar, seasonal) behaviour,
orientation mechanisms and flexibility to cope with rapidly changing conditions. Intertidal
swash and sand conditions are most variable and dynamic on microtidal reflective beaches.
The composition and abundance of invertebrate assemblages are controlled primarily by the
physical environment; reflective beaches support low diversity and abundance, whereas
these increase under dissipative conditions More species can colonize physically benign
dissipative beaches, but fewer, mainly robust crustaceans, can establish populations in the
harsh conditions on reflective beaches. The effects of biological interactions (e.g.
competition, predation) are often overshadowed by physical factors on reflective beaches,
but can become more influential on dissipative beaches. The tropical beaches are more
species rich, whereas temperate beaches tend to support higher abundance and biomass.
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Sandy beach surf zones can support rich zooplankton, particularly shrimps and prawns.
Sandy beach surf zones serve as important nursery and foraging areas for fishes. Beaches
are important nesting areas for marine turtles and shorebirds.

Sandy shore
Mud banks
Mud banks become clearly demarcated as areas of calm water adjoining the Kerala coast,
during the roughest Southwest monsoon conditions prevailing in the Arabian Sea. The
appearance of mud banks is associated with an increase in the constancy and force of wind
towards the east. Surface currents at that time run parallel to the coast and record maximum velocity. During June and July, strong· swells approach the SW coast. Along the
continental shelf, between Mangalore and Quilon, the nature of bottom from about 3·5 to 18
m depth is largely muddy. Mud banks occur as small elevations of consolidated mud
throughout the year. During the SW monsoon, because of wave action, the fine mud
particles get churned up into a thick suspension. After the monsoon, the suspended mud
settles and gets consolidated. This has been termed as the passive stage of the mud bank.
When the mud gets into suspension by wave action, the southerly currents drive the entire
floating mass slowly towards the south. Mud banks are well known for their fishery during
the monsoon months. The calm waters of the mud bank: act as a temporary fishing harbour.
However, the mere existence of mud in an area is not enough to form mud banks. The mud
of the right texture must get consolidated at the right depth where wave action could churn
it up into a thick suspension. The presence of mud bank disturbs the shore stability of that
region and induces coastal erosion in adjacent areas.
Subtidal region
Where the water is relatively free of suspended particles, sunlight can penetrate the water
surface to a depth of over 100 feet. Shallow subtidal communities in this photosynthetic
zone may be dominated by dense aggregations of kelp in some areas. These "kelp forests"
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provide critical nursery areas for numerous invertebrates and marine fishes. They are also key
foraging areas for sea otters, seals, many diving birds, and schools of adult salmon. The
productivity of these communities – that is, their growth rate and food content – may be the
greatest of any in the park.

Tidal regions
2. Distribution of different benthic habitats and benthos along the Indian coast
2.1. Estuary
Estuarine habitats occur on periodically and permanently flooded substrates and open water
portions of semi-enclosed coastal waters where tidal seawater is diluted by flowing fresh
water (Ellison 1983). This mix of fresh and ocean waters usually forms a horizontal salinity
gradient that varies by area and location with seasonal variations in fresh water inflow and
tidal action. Estuarine habitats differ greatly in size, shape, and volume of water flow, based
on local topography.

The various physiological stresses exerted in the estuarine environment, especially those
related to changing salinities, result in natural communities that are low in species richness
(compared to marine) but high in density. The largest number of estuarine organisms are
benthic and include hydrozoans, anthozoans, annelid worms, crustaceans, mollusks and
fishes. Such organisms attach to the bottom substrate, bury in the mud, or live in crevices
(Smith 1974). Molluscs, including gastropods and bivalves, also occur in this zone. Aquatic
plants such as green and red algae occur here. In addition, eel grass (a common flowering
plant) grows in dense stands in many subtidal estuarine habitats.

INDOMER

L7 - 6

Benthic biomass was found to be greater in regions near the sea than in the brackish water
zones. Bivalves, gastropods and polychaetes were the most dominant benthic groups.
Organisms of lesser importance were crabs, fishes, ophiuroids and sea anemones.
Meiobenthos in the estuarine zone included a high abundance of foraminiferans and
nematodes. Foraminifera were more abundant near the sea than in brackish water zones
showing their preference to marine conditions. Nematodes, on the other hand, were
dominant in the estuarine conditions. A substratum of fine and coarse sand seemed to
support a denser benthic population. Quantitative distribution of benthos seems to be
governed by salinity than any other environmental factor.
Ajmal khan et al. (2016) who studied changes in macrobenthic community structure from
estuary to continental slope in the south-east coast of India, reported 69 macrobenthic
species in Vellar estuary. Among these, polychaeta was the dominant group contributing
40.85–45.10% of the total faunal abundance. Among the polychaetes, family Opheliidae
contributed more (9.39%) followed by Eunicidae (8.84%), Syllidae (7.18) and Sabellidae
(7.18%). Overall five molluscan families were recorded in this region. The Veneridae
contributed the highest at 44.53%. Crustaceans such as amphipods, decapods and tanaids
were also recorded. Echinoderms and cnidarians were found in low numbers in this region.
Species such as Tanaididae sp. Meretrix casta, Meretrix meretrix, Pirenella cingulata, Calanus
sp., Tegillarca granosa, Umbonium vestiarium and Turritella sp. were found in higher
numbers in the estuarine region.

Estuarine habitat
2.2. Inshore or near shore
Important "inshore" habitats for living marine resources include seagrass meadows, salt
marshes, mangrove forests, coral reefs, tidal flats. "Inshore-dependent" species are those
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considered to be dependent upon inshore ecosystems for essential activities such as
reproduction (as spawning or nursery areas), migration, or feeding. Moreover, without such
critical inshore habitats, these species would not exist in the abundance they are (or were)
found. The living resources of inshore waters are predominantly juveniles - often the young
of species hatched offshore and carried by currents to coastal waters or downstream
migrants from headwater spawning sites.
Ajmal khan et al. (2016) recorded 81 macrobenthic species belonging to three groups such
as polychaetes, molluscs and crustaceans in the inshore region of southeast coast of India.
The majority of macrofaunal animals were polychaetes (56.66–63.23% of the total)
represented by species belonging to 20 families. The contribution of mollusks was more next
to polychaetes. The only crustacean taxa present in this region were Amphipods and Tanaids.
The dominant species in this region were Onuphis sp., Goniada sp., Turritella duplicata,
Hesione sp., Notomastus latericeus and Eunice australis. The epifaunal component is quite
impressive with quite a large number of shrimp and molluscan species.
2.3. Continental shelf
The continental shelves of the world's oceans represent about 10% of the oceanic area, but it
comprises 99% of the total fish harvest from the marine environment. The continental shelf is
the shallow underwater extension of a continent up to 200m depth. The substratum of this
zone is generally of a soft consistency and is largely composed of sand, mud and clay. The
ample supply of food and oxygen and the optimum conditions of temperature, light
intensity and salinity are responsible for the richness of the fauna in this zone. The bottom
deposits which are of great importance to benthic animals in general are mostly terrestrial in
origin. India, a vast maritime nation is empowered with a coastline of 8129 Km. Scattered
attempts have been made to understand the quantitative nature and community structure of
benthos from different from different regions of the country.
Overall 167 species were observed and polychaetes were found to be dominant in this
region (shelf), and their contribution was in the range of 70.59–95.65% at various depths in
the continental shelf of southeast coast of India (Ajmal khan et al., 2016). Thirty-two
polychaete families were observed, with Cirratulidae, Paraonidae and Spionidae being
dominant (18.84, 16.64 and 10.99% respectively). The highest contribution of crustaceans
was by Ampeliscidae, Corophiidae and Ampithoidae (22.22, 9.40 and 8.54%respectively).
Other groups such as Bivalvia, Echinodermata and Cnidaria were found in low numbers. In
the continental shelf region species such as Cirratulus concinnus, Levinsenia gracilis, Isolda
pulchella and Prionospio sp. were found to be abundant.
3. Benthos classification

INDOMER

L7 - 8

The term 'Benthos' is derived from the Greek word meaning 'Depths of the sea'. It refers
mostly to the benthic invertebrate communities that live on or in the sea substrate at the
bottom of any body of water. The composition of benthic communities differs substantially
according to bottom salinity and sediment type. For the sake of methodology, benthos is
classified into macro, meio and micro benthos based on the size. Macrobenthos pertains to
organisms, which are retained on 0.5 mm screen, meiobenthos to those organisms that pass
through 0.5 mm sieve but are retained on 0.062 mm screen and microbenthos to those
organisms, which pass through 0.062 mm screen. The division of the benthos according to
size is only arbitrary as the size of the organisms may change with age (Wolf, 1983). Benthos
are normally divided into three functional groups, the infauna (organisms inhabiting soft
sediment), epifauna (living on the surface of the substratum) and hyper-benthos (living just
above the substratum) (Pohel and Thomas, 2001). Benthic organisms comprise a broad
assemblage of diverse forms that are related only by their distribution in space, rather than
by phylogeny or exclusive functional attribute nevertheless the fact that they spend part of
or all their lives in intimate association with the bottom resulting in certain unifying
consequence both for the animal and for the marine environment.

3.1. Polychaetes
Polychaetes, segmented bristle-bearing worms of class Polychaeta in phylum Annelida, are
usually the most abundant animals living within sands and mud on the seashore. These
worms cannot often be seen on the surface but sometimes they may create subtle signs and
traces of their presence. Only a few may be found exposed on bare rock surfaces, but they
are common cryptic animals within rock crevices on the seashore and under boulders. Those
that can survive the harsh environmental conditions on top of rock usually live in colonies,
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protected inside tubes. The class polychaeta contains most of the living marine species. Why
the name polychaete? Poly – means many; Chaeta – having many bristles / setae. The
division of the body into similar parts which are arranged in a linear fashion along the
antero-posterior axis called Metamerism. This is the most distinguishing characteristic
feature of the phylum Annelida. The segmented part is always limited to the trunk. In most
polychaetes the additional segments are added throughout the life. The youngest segment
occurs at the posterior end of the series. The head, represented by the prostomium and
containing the brain is not a segment, nor is the pygidium, the terminal part of the body
which carries the anus. Polychaetes are very common marine animals. Majority of the species
are 5 – 10 cm long with the diameter ranging from 2 to 10 mm. Polychaetes can be divided
into two groups as errant (free-moving) forms and sedentary forms, although the distinction
between the two groups is not always sharp. The errant polychaetes or errantia, include
some species that are strictly pelagic, some that crawl about beneath rocks and shells, some
that are active burrowers in sand and mud and many species that construct and live in tubes.
The sedentary polychaetes or sedentaria, are largely tube-dwellers, or inhabit permanent
burrows. Usually only the head of the worm ever emerges from the opening of the tube or
burrow.
The most distinguishing feature of polychaetes is the presence of parapodia, the paired
lateral appendages extending from the segments. A typical parapodium is a fleshy projection
extending from the body wall and is more or less laterally compressed. The parapodium is
basically biramous, consisting of an upper division, the notopodium, and a ventral division,
the neuropodium. Each division is supported internally by one or more chitinous rods, or
acicula. A cirri form process projects from the dorsal base of the notopodium and from the
ventral base of the neuropodium. The notopodia and neuropodia assume various shapes in
different families and may be subdivided into several lobes or one may be somewhat
reduced. In fact, reduction in some polychaetes has resulted in uniramous parapodia. This is
true, for example, in most phyllodocids, in which all the notopodia have disappeared except
the broad flattened dorsal cirrus. The distal ends of the parapodial rami are invaginated to
form pockets or setal sacs in which are located many projecting chitinous bristles or setae.
Many polychaetes are strikingly beautiful and are coloured red, pink, or green or possess a
combination of colors. Some are iridescent, owing to the presence of crossed layers of
collagen fibers in the cuticle.
Polychaetes have relatively great powers of regeneration. Tentacles, palps and even heads
ripped off by predators are soon replaced. Asexual reproduction is known in some
polychaetes; it takes place by budding or division of the body into two parts or number of
fragments. Most polychaetes reproduce only sexually, and the majority of species are
diecious. Polychaete gonads are not distinct organs but are masses masses of developing
gametes, which develop as projections or swelling of the peritoneum in different parts of
some segments. Epitoky and swarming means of reproduction can also be seen in
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polychaetes. There are some hermaphroditic polychaetes. The larval stage involved in the life
history is the trochophore.

Shape of polychaetes
3.2. Crustaceans
The segmented Crustacea are well represented on the seafloor. Meiobenthic species include
ostracods and the cyclopoid and harpacticoid copepods. Harpacticoids are an especially
abundant group whose members crawl over or burrow through soft sediments. Also
included in this size category are the tanaids. These small (usually <2 mm long) crustaceans
have slender, more or less cylindrical bodies, and they are burrowers or tube dwellers
present at all depth levels down to at least 8000 m.
Common macrobenthic crustaceans include the isopods and amphipods. Isopods usually
have a flattened body of 5-15 mm in length; deep-sea species are generally larger, however,
with one genus reaching 40 cm. Isopods are often observed running rapidly over rocks in the
intertidal zone, but some species are burrowers, including one group that tunnels into wood.
The majority of the 4000 marine species are omnivorous scavengers. Amphipods are closely
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related to isopods but differ in that most have a laterally compressed body. They range from
a few mm to about 30 cm in size, with the largest species occurring in the deep sea.
Depending on the species, amphipods are capable of crawling or burrowing, but many of the
bottom-dwellers are also capable of swimming, even if infrequently. Many of the species
construct temporary or permanent burrows or tubes. The depth distribution in this group
ranges from the semi-terrestrial beach fleas living near the high tide level to species living in
hadal trenches. Most amphipods are detritivores or scavengers, but a few are specialized
filter feeders.
Benthic decapod crustaceans include the familiar crabs, lobsters, and shrimp, and the group
has both epifaunal and infaunal representatives. Decapods show their greatest diversity in
shallower waters, but a few species live at depths of 5000-6000 m. The group includes
predators, omnivores, and scavengers. Some are filter feeders (e.g. burrowing mud shrimp
and mole crabs), but detritus rather than plankton is often the dominant food. Many species
in this group are economically important as human food, and those species along with
molluscs make up the shellfish industry.
3.3. Molluscs
The Phylum Mollusca is one of the largest groups of the animal kingdom next to Phylum
Arthropoda (Morton, 1958). The word Mollusca which is derived from the Latin "Mollis"
meaning soft may be seen as a curious name for animals. One of the outstanding characters
is the presence of hard calcareous outer shell. Phylum Mollusca includes the most
conspicuous and familiar invertebrates which include clams, oysters, squids, octopods and
snails. Abbott (1954) has estimated the total number of molluscs to be 1,00,000 that include
80,000 gastropods, 10,000 bivalves and 5,000 of other classes. Molluscs are highly adaptive
and occupy all possible habitats except air. The geographical distribution of this group is
worldwide and molluscs are dominant organisms in any littoral, shallow and sublittoral
ecosystems. The molluscs have received a considerable amount of research effort, reflecting
both their ecological and economic importance (Hughes, 1986). They constitute a natural
resource of sizeable magnitude in many parts of the world.
4. Methods of collection, identification and analysis
4.1. Collection
There have been a number of extensive comparative studies concerning sampling devices
and their efficiencies. Key works are Ankar (1977), Eleftheriou and Holme (1984), Gage (1975),
Rosenberg (1978) and Rumohr (1990). To efficiently sample the benthic macro fauna a
sampler must be able to penetrate to a depth sufficient to capture the organisms present.
Most report that the majority of species and individuals to be present in the upper 5 to 10
cm, although large burrowing mollusks and crustaceans may be found deeper.
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In the intertidal region, 625 cm2 wooden quadrate is placed and the substrate is dug out for
10 cm. Sub tidal forms can be quantitatively estimated using Peterson grab covering an area
of about 625 cm2 penetrating 5 - 10 cm depth and calculated to a square meter. The
Peterson grab is found to be effective to sample in mangrove and estuarine environment
while long armed Van – Veen grab, Smith–McIntyre grab and box corer are effective in
collecting sediments in deep water bodies (inshore, continental shelf and continental slope).
Besides sediment grabs, dredges, trawls and traps are also used for collecting benthos for
qualitative purposes.
a. Grabs

Petersen grab: The Petersen grab used by C.G.J. Petersen for investigations in the Danish
fjords at the beginning of the twentieth century is the prototype from which many
modifications and improvements have been made (Petersen and Boysen Jensen, 1911). It
consists of two buckets hinged together, which are held in an open position during lowering.
The top of each bucket has a gauze-covered window to allow water to escape while the grab
is closing. However, this offers some resistance to the rapid lowering of the gear, which is
desirable when sampling in deeper water. When on the bottom, the lowering rope slackens,
allowing a release hook to operate so that on hauling the two buckets close together before
the grab leaves the bottom. The disadvantages of the Petersen grab for sampling in other
than soft muds and sheltered waters include premature operation of the release during
descent due to momentary slackening of the rope as the ship rolls, failure to penetrate
sufficiently deeply into the sediment, losses due to the jaws not closing completely and
inadequate sampling due to an oblique upward pull when closing due to the drift of the ship
on station. For these reasons the Petersen grab has not been much in use in recent years,
many workers choosing alternative sampling gear. Nevertheless, it has been used, mostly in
comparative studies (Pearson et al., 1985; Bagge et al., 1994) with satisfactory results

Petersen grab in sampling position on the seafloor. After the release hook has actuated, an
upward pull exerted on the central chain closes the two buckets of the grab (After Hardy, 1959.)

Van Veen grab: The Van Veen grab (Van Veen, 1933) improves on the Petersen grab in
having long arms attached to each bucket, thus giving better leverage for closing. The arms
also tend to prevent the grab from being jerked off the bottom, should the ship roll as the
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grab is closing. On the other hand, the arms may pull the grab to one side if, through drift of
the ship the upward pull for closing is oblique.

Long arm, warp rigged van Veen grab in sampling operation. (Redrawn from Rumohr 1999.)

Smith–McIntyre grab: The Smith–McIntyre grab (Smith & McIntyre, 1954) was designed for
sampling under the difficult conditions often encountered when working from a small boat
in the open sea. This grab has hinged buckets mounted within a stabilising framework and
powerful springs to assist penetration of the sediment. Trigger plates on either side of the
frame ensure that the grab is resting flat on the bottom before the springs are released.
Closing of the grab is completed as hauling commences by cables linked to the arms
attached to each bucket. The Smith–McIntyre grab covers an area of 0.1 m2, and on firm
sands penetrates to about the same depth as the 0.1m2 Van Veen grab, but the greater
reliability of its release makes it preferable for open-sea use.
A number of workers have adopted the Smith–McIntyre grab as their standard sampling
instrument, but some consider it complicated and, because of the spring loaded mechanism,
occasionally dangerous to use. The Day grab (Day, 1978) is a popular alternative as it
represents an attempt to simplify the design of this type of instrument. It incorporates a
frame to keep the grab level on the seabed, and two trigger plates for actuating the release,
but there are no springs to force the hinged buckets into the bottom. Penetration is assisted
by the greater weight of the sampler. The Day grab seems to sample as efficiently as the
Smith–McIntyre grab (Tyler and Shackley, 1978), and is preferred by some workers because
of its greater simplicity.
A large hydraulically powered grab, with a sampling area of 0.5 m2, mounted on a frame and
equipped with a video imaging system consisting of two video cameras (Video Grab) and a
high-resolution acoustic imaging system (DRUMS – Dynamically Responding Underwater
Matrix Scanner) is designed to take undisturbed samples of the upper 10–25 cm of the ocean
floor and has the distinct advantage for the operator to have visual contact with the ocean
floor and therefore control the operation and take reliable samples (Rowell et al., 1997).
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b. Box samplers and corers
Because of their reliability, box corers and samplers have been extensively used in the deep
sea. However, their use in shallower water studies is equally relevant; hence a short outline of
these samplers is given here.
The Reineck box sampler (Reineck 1958, 1963) consists of a rectangular corer supported in a
pipe frame with a hinged cutting arm which is pulled down to close the bottom of the tube.
This instrument samples an area 20 × 30 cm to a depth of 45 cm and weighs 750 kg. So
many other versions have come into being. Box corer samples compared very favourably
with other quantitative samplers.
c. Dredges
Dredges have a heavy metal frame and are designed for breaking off pieces of rock, scraping
organisms off hard surfaces, or for limited penetration and collection of sediments and
fauna. A small dredge with runners used at Plymouth has been extensively employed for
sampling the epifauna on the continental shelf.
The naturalist's or rectangular dredge is a useful instrument for exploratory purposes as it
can obtain samples on a variety of grounds. One of the dredge arms is attached directly to
the tow-rope, the other being joined to it by a few turns of twine, which act as a weak link to
release the dredge should it become fast on the seabed. It is important not to use too many
turns of twine, since, particularly with synthetic twine, it may then be too strong to part
should the need arise. More sophisticated links, involving a metal shear pin are available
commercially. A swivel should always be inserted between towing warp and the dredge (or
any other sampling gear), and this must be of a ball- or roller-bearing type, turning freely
under load, when the towing warp is of wire.
The dredge net is usually about half as deep as it is wide, the mesh varying according to
circumstances. Machine-made netting of mesh l0–12 mm knot-to knot is generally suitable,
but material used for shrimp trawls is usually too light in construction. For collection of
sediment, the bag can be lined with an inner bag of sacking, stramin or burlap. Impervious
material such as canvas should not be used, as water must drain away when the dredge
comes on board. Where a net bag is required (e.g. to avoid washing out of the sample when
hauling), the net should be an open-ended sleeve with a cod-end tied at the bottom with a
rope which is untied to release the sample.
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Naturalist's dredge (Frame- 30cmx70cm, weight-70 kg and mesh size-20mm)

Smith–McIntyre grab. Above in open position ready for lowering; below in closed position.
Note the trigger plates on either side, both of which must be in touch with the bottom
before the release is actuated. The threaded studs with butterfly nuts are for attachment of
lead weights. (Photograph by A.D. McIntyre.)
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Reineck box sampler. The rectangular coring tube is closed by a spade actuated by pulling
up on the lever on the left. (Redrawn from Reineck, 1963)
4.2. Identification manuals
All taxa can be identified to their species or generic to the extent possible with the help of
standard taxonomic references (e.g. Polychaeta: Fauvel (1953), Day (1967); Decapoda: FAO
Identification sheets (1983), Alcock (1985); Mollusca: Abott and Dance (1982), Subba Rao
(2003); Fishes: Smith and Heemstra (1986), www.marinespecies.org.
.
5. Ecological importance of benthos
Benthic invertebrate communities are used as prime indicators of environmental conditions
in estuaries and inshore waters in view of the following reasons:
1. They have limited mobility and thus are unable to avoid adverse conditions;
2. They live in sediments, where they are exposed to environmental stressors, such as
chemical contaminants and low dissolved oxygen level;
3. Their life span is long enough to reflect the effects of environmental stressors and
4. Their communities are taxonomically diverse enough to respond to stressors and
multiple types of stress.
Used as indicator species of pollution and therefore given much importance in EIA
(Environment Impact Assessment) studies.
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6. Way of presentation in EIA report
6.1. Introduction
The Conference of the Parties invited Parties, other Governments and relevant organizations
to study issues relating to the conservation and sustainable use of marine biological diversity
and to cooperate in further developing scientific and technical guidance for the
implementation of environmental impact assessments and strategic environmental
assessments for activities and processes under their jurisdiction or control which may have
significant adverse impacts on marine biodiversity with a view to ensuring that such activities
are regulated in such a way that they do not compromise ecosystem integrity. For this
purpose, the Conference of the Parties, taking into account the relevant provisions of the
United Nations Convention on the Law of the Sea and the Convention on Biological Diversity,
convened an expert workshop to discuss scientific and technical aspects relevant to
environmental impact assessment with a view to contributing to the development of such
scientific and technical guidance. It aims better integration of biodiversity-related
considerations into the EIA process. These guidelines are intended to assist national
authorities, regional authorities or international agencies as appropriate in better
incorporating biodiversity-related considerations. The guidelines focus on how to promote
and facilitate a biodiversity-inclusive EIA process in marine and coastal areas.
6.2. What is EIA?
Environmental impact assessment (EIA) is a process of evaluating the likely environmental
impacts of a proposed project or development, taking into account inter-related socioeconomic, cultural and human-health impacts, both beneficial and adverse. The fundamental
components of an EIA in marine and coastal areas would necessarily involve the following
stages:
6.3. Stages in EIA
Seven stages namely a. Screening, b. Scoping, c. Assessment and evaluation, d. Reporting, e.
Review of EIS, f. Decision-making and g. Monitoring, compliance, enforcement and
environmental auditing are involved in EIA.
6.4. Biodiversity issues at various stages of environmental impact assessment

a. Screening
Screening is used to determine which proposals should be subject to EIA, to exclude those
unlikely to have harmful environmental impacts and to indicate the level of assessment
required. Screening criteria must include measures of biodiversity, or else there is a risk that
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proposals with potentially significant impacts on biodiversity will be screened out. The
outcome of the screening process is a screening decision. Since legal requirements for EIA
may not guarantee that biodiversity will be taken into account, consideration should be
given to incorporating biodiversity criteria into existing, or the development of new,
screening criteria.
Pertinent questions from a biodiversity perspective
Fundamental questions which need to be answered in an EIA study include:
(i) Would the intended activity affect the biophysical environment directly or indirectly in
such a manner or cause such biological changes that it will increase risks of extinction of
genotypes, varieties, populations of species, or the chance of loss of habitats or
ecosystems?
(ii) Would the intended activity surpass the maximum sustainable yield, the carrying capacity
of a habitat/ecosystem or the maximum allowable disturbance level of a resource,
population, or ecosystem, taking into account the full spectrum of values of that
resource, population or ecosystem?
(iii) Would the intended activity result in changes to access to and/or rights over biological
resources?
To facilitate the development of screening criteria, the above questions have been
reformulated for the three levels of diversity (ecosystem, species, and genetic diversity).
Types of existing screening mechanisms
These include
(i) Positive lists identifying projects requiring EIA (inclusion lists).
(ii) Lists identifying those geographical areas where important biodiversity is found, and
hence where projects would require EIA.
Levels of assessment
A screening decision defines the appropriate level of assessment. The result of a screening
decision can be that:
(i) The proposed project is "fatally flawed", in that it would be inconsistent with
international or national conventions, policies or laws. It is advisable not to pursue
the proposed project. Should the proponent choose to accept the risks and proceed,
an EIA would be required to ensure that measures are adopted to prevent significant
adverse impacts.
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(ii) An EIA is required (often referred to as "category A" projects);
(iii) A limited environmental study is sufficient because only limited environmental
impacts are expected; the screening decision is based on a set of criteria with
quantitative benchmarks or threshold values (often referred to as "category B"
projects).
(iv) There is still uncertainty whether an EIA is required, and an initial environmental
examination has to be conducted to determine whether a project requires EIA or not;
or
(v) The project does not require an EIA.
Circumstances for justification of EIA
Biodiversity-inclusive screening criteria set out circumstances in which EIA is justified on the
basis of biodiversity considerations. They may relate to:
(i) Categories of activities known to cause biodiversity impacts.
(ii) The magnitude of biophysical change that is caused by the activity.
(iii) Maps indicating areas important for biodiversity, often with their legal status.
All these factors need to be considered for both the "construction" (exploration) and
"operational" (exploitation) phases of projects, because the impacts could be very different
for each phase.
Biodiversity-inclusive screening criteria
A suggested approach to the development of biodiversity-inclusive screening criteria,
combining the above types of criteria, includes the following three steps:
i. Design a biodiversity screening map indicating areas in which EIA is required
ii. Define activities for which EIA is required
iii. Define threshold values to distinguish between full, limited/undecided, or no EIA
(Table 1 for a generic set of screening criteria).
This suggested approach takes account of biodiversity values (including valued ecosystem
services) and activities that might have an impact on drivers of change of biodiversity. With
respect to marine and coastal biodiversity, this process could be more complex than in
terrestrial areas and the application of the precautionary approach will be particularly
important. The extent and diversity of marine and coastal areas make the notion of a single
threshold for the diversity of habitats and ecosystems unlikely to be appropriate. Different
thresholds would have to be considered.
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Steps involved in screening
The following two steps are involved in the screening process:
Step 1
According to the principles of the ecosystem approach, a biodiversity screening map is
designed, indicating important ecosystem services. The map is based on the best scientific
and technical information available and has to be formally peer reviewed and approved.
Suggested categories of geographically defined areas related to important ecosystem
services are:
(i) Areas with important regulating services in terms of maintaining biodiversity:
Protected areas,
(ii) Areas with important regulating services for maintaining natural processes with
regard to water, or air,
(iii) Areas with important provisioning services,
(iv) breeding, nursery, feeding, spawning grounds or migratory routes of various fishery
and cetacean resources;
(v) Areas with important cultural services-scenic seascapes, heritage sites and sacred
sites, (f). areas with other relevant ecosystem services (such as areas with valued
landscape quality.
Step 2
Define activities for which impact assessment may be required from a biodiversity
perspective. The activities are characterized by the following direct drivers of change:
(i) Change of land-use or land cover, and underground extraction;
(ii) Change in the use of marine and/or coastal ecosystems, and extraction of seabed
resources
(iii) Fragmentation, usually related to linear infrastructure.
(iv) Emissions, effluents or other chemical, thermal, radiation or noise emissions
(v) Introduction or removal of species, changes to ecosystem composition, ecosystem
structure
All these criteria only relate to biodiversity and serve as an add-on in situations where
biodiversity has not been fully covered by the existing screening criteria.
b. Scoping
Scoping is used to define the focus of the EIA study and to identify key issues which should
be studied in more detail. It is used to derive terms of reference (sometimes referred to as
guidelines) for the EIA study and to set out the proposed approach and methodology.
Scoping also enables the competent authority, national, regional or global.
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c. Assessment and evaluation of impacts, and development of alternatives
EIA should be an iterative process of assessing impacts, re-designing alternatives and
comparison.
d. Reporting: the environmental impact statement (EIS)
The environmental impacts statement (EIS) consists of: (i) a technical report with annexes, (ii)
an environmental management plan, providing detailed information on how measures to
avoid, mitigate or compensate expected impacts are to be implemented, managed and
monitored, and (iii) a non-technical summary.
e. Review of the environmental impact statement (EIS)
The purpose of the review of the EIS is to ensure that the information for decision-makers is
sufficient, focused on the key issues, and is scientifically and technically accurate.
f. Decision-making
Decision-making takes place throughout the process of EIA in an incremental way, from the
screening and scoping stages to decisions during data-collecting and analysis, to impact
prediction, to making choices between alternatives and mitigation measures, and finally the
decision to either refuse or authorize the project.
g. Monitoring, compliance, enforcement and environmental auditing
EIA does not stop with the production of a report and a decision on the proposed project.
Activities that must make sure the recommendations from EIS or EMP are implemented are
commonly grouped under the heading of "EIA follow-up". They may include activities related
to monitoring, compliance, enforcement and environmental auditing.
7. Various marine activities having impact on benthos and productivity (particularly in
ports and harbours)
The following are the threats to benthos in ports and harbours:
1. Continuous dredging to maintain the depth leading to disturbance to the bottom
and turbidity
2. Ports serve as oil terminals leading to oil slick
3. Chemicals imported lead to chemical contamination
4. Discharge of used water leads to elevated nutrients
5. Problem of marine debris
6. Introduction of non-indigenous species through ballast water
7. Fishing
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8. Alteration in habitats and
9. Climate change
8. Impact assessment using benthos
The following indices are widely used for assessing the impact:
1. Indices based on indicator species
2. Indices based on ecological strategies
3. Indices based on diversity values
4. Indices based on biomass and abundance
a. In the Indices based on indicator species the following tools are available:
i. Pollution Index 1
ii. Pollution Index 2
iii.AMBI
iv.BENTIX
v. Macrofauna Monitoring Index
vi.Conservation Index
b. In the indices based on ecological strategies the following tools are available:
i. Nematodes/Copepods Index
ii. Polychaetes/Amphipods Index
iii. Feldman Index
iv. Infaunal Index
c. In the indices based on diversity values the following tools are available:
i. Shannon-Wiener Index
ii. Margalef Index
iii. Casewell Neutral model
iv. Deviation from the Log series distribution
d. In the indices based on biomass and abundance the following tools are available:
i. ABC Plot
ii. Partial dominance curve
iii. Dominance plot
iv. Ellipse (2 dimensional plot)
9. Mitigation measures to protect benthos
The potential mitigation is in the form of implementation of legal provisions and good site
practices. The first one is following appropriate regional land use planning for ports and
harbours. Strictly adhering to the operational procedures laid down for ports and harbours
will be an effective mitigation measure. Consultation process should be set in motion for the
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purposes of expansion. Regular meetings should be conducted involving stakeholders to
inform the activities. Tripartite with competent authority should be set up to sensitize
stakeholders about the land use plan now and for the future. Conflict with other land users
should be resolved amicably and interference with the livelihood of local people should have
no residual impact.
10. Environmental Management Plan
The key Biodiversity Management Plan strategies are:
1. Monitoring, mapping and analysis of biodiversity condition for decision making
2. Managing habitats to maintain, restore and enhance biodiversity value
3. Developing partnerships to respond to changes in land use development and climate
change.
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1. What are mangroves?
Mangroves are the woody plants, which form the only forest on the earth, lying between
land and sea in tropical and sub-tropical regions of the world. They are found in intertidal
areas along sheltered shores and in estuaries. The mangrove forests are a rare type of forests
in the world with only 73 woody plant species, occupying 15.2 million hectares in 123
countries, located between 30° South & 30° North (FAO, 2007). The mangroves are among
the most productive forests. They are carbon-rich forest with biomass, greater than any other
aquatic systems. Mangrove forests are among the world's most productive ecosystems on
the earth. The mangrove forests are known as "Oceanic Rain forest", "Tidal forest", "Root of
the sea", "Only Blue Carbon Forests" and "Coastal woodlands" (Kathiresan and Qasim, 2005).
Mangroves thrive in a harsh environment that varies with salinity, tidal regime, strong wind
velocity, high temperature, and muddy anaerobic soil. The mangroves are remarkably
adapted to such adverse conditions where no other trees can survive. The mangroves are
structurally and functionally unique to have well-developed aerial roots, viviparous
germination, adaptable to high salinity, and highly efficient in nutrient retention.
Mangrove forests are rich in biodiversity by supporting a diverse group of terrestrial and
aquatic organisms. The mangrove forests provide diversified habitats, such as water bodies,
forests, litter forest floor, and mudflats, for a wide variety of organisms. The mangrove forest
is a "biological paradise" especially for microorganisms, which play a vital role in
decomposition of organic matter and recycling of nutrients in the ecosystem. The calm
waters in the forests are ideal nursery and breeding grounds for fish and shellfishes, while
the aerial roots, lower trunks of trees and forest floor support a varied fauna of oysters,
snails, barnacles, crabs and other invertebrates. The forest also supports terrestrial animals,
such as birds, reptiles, insects and mammals. Hence mangroves are biologically diverse and
ecologically dynamic (Kathiresan and Bingham, 2001).
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Fig. 1. A view of mangrove forest dominant with Avicennia (A) and Rhizophora (B)

Fig. 2. A view of coastal sand dune vegetation dominant with Ipomoea pes-caprae (A) and
Spinifex littoreus, ('Mustache of Ravana') (B)
2. What are coastal sand dunes?
Coastal sand dunes are one of nature's most interesting and beautiful formations. The
coastal sand dunes are mounds or ridges on the shore, and the sand dunes are formed by
sand, deposited from the sub-tidal and intertidal regions. Wind is one of the most important
factors, helping in formation, movement and distribution of the sand dunes. The sand dunes
are colonized by vegetation beyond the highest high tide level. The main pre-requisite for
the formation of sand dunes are wind, sand and vegetation. The sand dune vegetation is a
different plant community with remarkable ability to tolerate adverse conditions of drought,
nutrient deficiency, high winds, salt sprays and sand blast. There are three types of coastal
sand dunes, viz., Fore dune, Mid-shore dune and Hind-shore dune, and their characteristics
are highlighted in the Table 1.
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Table 1. Types of coastal sand dunes, occurrence and distribution, formation and their
vegetation characteristics
Sl.
No.

Type of
coastal sand
dune

Mounds
stability and
height

Occurrence
and
Distribution

Formation

Type of
vegetation

Dominant plants

1

Fore dune
('Embryonic
dune')

Least stable
mound with
maximum
height of 10
feet

Nearer to sea
and often
unvegetated
towards the
sea. It is just
above the
high tide
level.

Formed by
sand
delivered to
the beach
by wave
action.

Herbs,
runners

Ipomea pescaprae, Spinifex
littoreus

2

Mid-shore
dune
('wandering
dune' or
'yellow sand
dune')

Less stable
mound
exceeding 10
feet of height

Behind
embryonic
dune and
away from
the high tide
level with its
steeper face
inland.

Formed by
fore dune
sand, if the
wind
velocity is
high

Mostly
Shrubs

Leucas aspera,
Vitex negundo

Hind-shore
dune
('arrested
sand dune'
or ‘grey
sand dune')

Highly stable
tall mound

Behind the
mid-shore
dune and far
away from
the high tide
level with its
steeper face
inland.

If wind
velocity is
less, the
mid-shore
dune faces
an obstacle
due to
another big
dune and
the midshore dune
becomes
arrested.

Mostly
trees

3
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and

Clerodendrum
inerme

Vitex negundo,
Clerodendrum
inerme,
Anacardium
occidentale,
Pandanus
tectorius,
Casuarina
equisetifolia,
Palmyra,

Pongamia
pinnata,
Thespesia
populnea,
Prosopis sp.,
Azadirachta
indica and Cocos
nucifera
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3. Distribution of mangroves and sand dunes
3.1. Types of coastal settings
Mangroves are present in a variety of coastal settings, such as the deltas, estuaries, lagoons,
and coastal fringes (Fig. 3). The deltas are formed by sedimentation at the river mouth, and
these deltas are colonized by mangroves. Estuaries are the sites of active sediment
deposition, and these sites are colonized by mangroves. Coastal lagoons are often formed
behind sand spits and barrier islands, and these sites are colonized by mangroves.
Mangroves are also present along the coastal fringes with suitable sedimentation, where
wave energy is low.

Fig. 3: Tropical coastal settings in which mangroves thrive (From Kjerfve, 1990)
3.2. Types of mangrove forests
There are three major types of mangrove forests: (1) river-dominated, (2) tide-dominated
and (3) interior mangrove forests (Fig. 4). Fringing mangrove forests occur along the borders
of protected shorelines and islands, influenced by daily tidal range.
The fringing forests are sensitive to erosion and long exposure to turbulent waves and tides.
Riverine mangrove forests are luxuriant patches of mangroves that exist along rivers and
creeks, which get flooded daily by the tides. Such forests are influenced by large amounts of
freshwater and nutrients and thus making the system highly productive with trees growing
taller. Over-wash mangrove forests are small mangrove islands, frequently influenced by tidal
washings. Scrub mangrove forests are dwarf mangroves present along flat coastal fringes.
Basin mangrove forests are stunted mangroves located along the interior side of the swamps
and in drainage depressions. Hammock mangrove forests are similar to the basin type except
that they occur in more elevated sites.
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Fig. 4: Relationship between the types of mangrove forests and two dominant physical processes (Tide
and river). Strong outwelling is a characteristic of river- dominated mangroves. Bidirectional flux is a
unique feature of tide dominated mangroves. Mangroves located in the interior typically form sinks
for sediment nutrients.

3.3. Mangrove Distribution in India
India has a total area of 4,740 km2 under mangroves, accounting for 2.8 % of the world's
mangrove vegetation and 0.14 % of the country's total geographical area. The mangroves
are found along the coastlines of nine States and three Union Territories. The Sundarbans of
West Bengal has the largest mangrove cover (44 % of total), while Gujarat has the second
largest (23 % of total). In other words, 67 % of Indian mangroves are present only in the two
states of India viz., West Bengal and Gujarat. About 58 % of the total mangrove cover is
found along the east coast (Bay of Bengal), 29 % on the west coast (Arabian Sea) and the
remaining 13 % on the Andaman and Nicobar Islands.
There are three major types of coastal settings on which mangroves exist in India, and they
are deltaic, backwater-estuarine, and insular types. The deltaic mangroves occur along the
east coast, where the mighty rivers, such as Ganga, Brahmaputra, Mahanadhi, Krishna,
Godavari and Cauvery make the deltas. The backwater-estuarine type of mangroves that
exists in the west coast is characterized by typical funnel-shaped estuaries of major rivers
(Indus, Narmada, Tapti) or backwater, creeks, and neritic inlets. The insular mangroves are
present in the Andaman and Nicobar Islands, where many tidal estuaries, small rivers, neritic
islets and lagoons support mangrove forests.
The mangroves on the east coast of India are larger, denser and biologically more diverse
than those on the west coast. This difference in distribution can be attributed to two reasons:
(i) the east coast has large estuaries with deltas formed by runoff and deposition of
sediments, whereas the west coast has funnel-shaped estuaries and generally lacks deltas;
and (ii) the east coast has a gentle slope with extensive intertidal mudflats for mangrove
colonization, whereas the west coast has a steep slope. The coastal zone of the west coast is
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narrow with no major inflowing river, and hence the mangroves of the west coast are smaller
in size, less diverse and less complex. In contrast to this, the east coast has dense and
extensive mangroves on the larger deltas, created by east flowing rivers and gentle slope of
the coast. It is believed that mangroves along the east coast of India are vulnerable to sealevel rise, more than the west coast of India due to the smooth coastal slope along the east
coast.
The mangrove cover is classified as three types: (i) very dense type, (ii) moderately dense
type, and (iii) open type, based on its green cover: >70%, 40-70% and 10-40% respectively.
The extent of very dense cover is 1,472 km2 (31%), moderately dense is 1,391 km2 (29%), and
open type is 1,877 km2 (40%) (Table 2). Among these types, the open type of mangroves is
more vulnerable to sea-level rise in Andhra Pradesh, Tamil Nadu, Kerala, Gujarat,
Maharashtra, and Puducherry.
Table 2. Mangrove green cover in different States/Union Territories of India (STR, 2015)
Mangrove green cover
State/Union
Territory

Very dense
mangroves
(km2)

Moderately
dense
mangroves
(km2)

Open
mangroves
(km2)

West Bengal

990

700

416

2,106

9

Odisha

82

95

54

231

18

Andhra
Pradesh

0

129

238

367

15

Tamil Nadu

1

18

28

47

8

399

168

50

617

13

Gujarat

0

174

933

1,107

4

Maharashtra

0

79

143

222

36

Goa

0

20

6

26

4

Karnataka

0

3

0

3

0

Kerala

0

5

4

9

3

Daman & Diu

0

0

3

3

1

Puducherry

0

0

2

2

1

Grand Total

1,351

1,457

1,819

4,628

112

(% of total)

(31%)

(29%)

(40%)

(100%)

A&N Islands

Increase of
cover (km2)
between
2013-2015

Total (%)

There are only 39 core mangrove species, in association with 3,972 other species that include
mangrove associates, seagrasses, marine algae, microbes, lichens, prawns, lobsters, crabs,
insects, mollusks, finfish, amphibians, reptiles, birds, and mammals. Altogether 4,011 species
consisting of 920 floral and 3,091 faunal species are present in the mangrove forest systems
of India. In other words, the faunal component occupies 77 %, whereas the floral component
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23 %, and thus the faunal component is about 3.5 fold higher than floral component. No
other countries in the world have recorded so many species to be present in the mangrove
forest ecosystems.
India is gifted with the most spectacular natural treasures along its coast: (i) the dense
mangrove forests inhabited by the Royal Bengal tiger in Sundarbans, (ii) the sandy coast with
the world's largest nesting site of sea turtles (Olive Ridley) nearer to Bhitarkanika mangroves
in Odisha, (iii) the intertidal mudflats teeming with migratory birds (about 2 million water
birds of 200 species), (iv) the delicate seagrass meadows preferred by the seacow (dugong),
(v) the most beautiful coral reefs colonized with ornamental fishes, and (vi) the rough sea of
Gujarat migrated with the whale shark fish. Bhitarkanika in Odisha state is regarded as the
"Mangrove genetic paradise" of the world in addition to Baimaru in New Guinea. Sundarbans
in India and Bangladesh are the largest single block of the mangrove forests in the world.
This is the only mangrove forest colonized with Royal Bengal Tiger. The Sundarbans is the
home of globally threatened species, such as fishing cat, Gangetic dolphin, estuarine
crocodile, horse shoe crabs, water monitor lizard, and river terrapins. The Sundarbans is a
recognized International Biosphere Reserve as well as World Heritage Site of the UNESCO.
3.4. Distribution of coastal sand dunes in India
Coastal sand dunes are distributed all along the sandy coast, which occupies half of the
Indian coast. The coastal sand dunes are abundant along the central west coast of India
from Goa to Kerala because of the extensive sandy areas.
India has a total of 338 species of coastal sand dune flora. The west coast has more
number of coastal sand dune flora (267 species) than the east coast (163 species). The
botanical family - Fabaceae i s predominant due its ability to fix nitrogen and to overcome
the nutrient-deficiency of the sandy substrate.
4. Methods of collection, identification and analysis

Collection and Preservation: A complete twig with buds, flowers and fruits will be collected,
washed, except the flowers and pressing immediately between newspapers, within half an
hour. Time consuming collections may temporarily be kept in polythene bags. The flowers
will be preserved in Kew spirit (prepared by mixing 43 parts of rectified spirit, 44 parts of
distilled water, 7 parts of formalin and 6 parts of glycerol). The wood, bark and fruits will be
preserved in jars containing the preserving fluid (prepared by 95 parts of water, 4 parts of
commercial 40% formalin and 1 part of Borax powder).

Pressing: Specimens provisionally pressed in the field should be unpacked and trimmed to
fill the mounting sheet. All the specimens except very delicate ones should be immersed in
denatured spirit in a rectangular plastic tray (45 x 30 x 15 cm) to kill the tissues to prevent
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their decay. After immersing, the materials may be kept on a plastic sieve plate 45 x 30 cm to
drain off the extra spirit.

Drying: All the materials will be dried by keeping them in hot air oven between the
newspapers. Flanked on either side by blotters or very tightly fastened with strong roped
between lattice iron presses to prevent shrinkage during drying. Succulent materials may
need to be slightly boiled before drying.

Poisoning: After drying, poisoning is to be done by immersing the materials in mercuric
solution (prepared by dissolving 25 g of HgCl2 in 1 litre of denatured spirit) and then
arranged back in newspaper folders under pressure for at least 3 hours.

Mounting and Storing: All specimens will be sewed with thin, but strong thread on stiff
mount board (42 x 28 cm); knots on the upper surface, but laterally. Delicate materials and
broken, brittle fruits are spread inside a paper flap previously mounted on the board.
Fumigation may be carried out for overnight with 3:1 mixture of ethylene dioxide and carbon
tetrachloride. The herbarium sheets may be arranged by either serial number of family
genus-species-order, within which serial order can be followed and can be stored. The
sheets may be stored in 5-ply card board boxes with inside measurements of 32.5 x 20 x 38
cm.
Succulent materials like those of Aizoaceae, Cactaceae and Euphorbiaceae will be preserved
in liquids such as 5% aqueous solution of formaldehyde or 70% alcohol. The specimens
preserved in formaldehyde become flacid. Due to its offensive odour, many have switched
over the use of 70% alcohol as the liquid preservative. To retain green colour of the
specimens, preservatives containing 90 ml of 50% alcohol, 5 ml of formaldehyde, 2.5 ml of
glycerin, 2.5 ml of glacial acetic acid, 20 gm of cupric chloride, and 2.5 gm of uranium nitrate,
is used.
Identification of mangroves and littoral flora: This will be done in consultation with the
experts and by referring to the standard manuals.
5. Ecological significance and economic importance
Mangrove forests provide the ecosystem services, worthy of at least US$ 1.6 billion in a year,
and support coastal livelihoods worldwide. They serve as the nursery, feeding and breeding
grounds for crabs, prawns, mollusks, finfish, birds, reptiles and mammals. A large amount of
global fish catches, up to 80% is dependent on mangroves, thereby ensuring the food
security of coastal people. According to fisher community "No Mangroves, No Prawns; No

Mangroves, No Crabs; No Forest on Land, No Fish in the Sea; Mangroves are the Root of the
Sea". The mangroves provide the forest products such as firewood, timber, cattle feed,
honey, medicines, and tourism revenue. They protect the groundwater from seawater,
thereby ensuring the water security of coastal populations. They offer coastal protection
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against the fiery effects of natural calamities such as tsunami, storm surges, cyclone and
floods as well coastal erosion (Fig. 5). Analytical model shows that 30 trees in 10 metre
square area in a 100-metre wide belt may reduce the tsunami flow pressure by more than
90%, if the wave height is less than 4-5 m. The protection value of a hectare of land with
mangroves against storms is estimated to be two times higher than the value of 'cleared'
land. Thus, protecting mangroves as storm breakers generates more economic value to
society. Above all, the mangrove forests have great potential for removing carbon from
atmosphere, thereby mitigating the impacts of global warming and climate change. In India,
the mangrove forests can remove nine tons of CO2 daily which is approximately equivalent
to 270 million US dollars in the International market at the rate of 30 US$ per ton removal of
CO2.
In addition, the mangroves reduce the deleterious effects of solar UV radiation under the
canopy of the mangroves. The mangroves act as 'traps' for the sediments, and as 'sink' for
the nutrients and toxic heavy metals, thereby controlling pollution. Interestingly, the
mangroves help in maintaining the depth of water creeks, due to the faster low tide and
flushing. When the area of forest swamp is reduced, the speed of the low tide is reduced,
and the creeks get clogged up. The mangroves also protect other associated marine systems
including the islands, coral reefs and seagrasses.

Boat jetty- before tsunami in 1990
Boat jetty- after 2004 tsunami

Fig. 5: The 2004 tsunami broken a boat jetty in to pieces, while mangroves intact without damage, in
comparison with the same site in 1990 at Parangipettai, south east India.

Coastal sand dunes are very important in protecting the hinder land from the sea against the
powerful physical forces of storms, waves and cyclonic surges. The dunes ensure coastal
stability and serving as nature's line of defense. They protect coast from erosion and
replenish the loss of sand dune to wave and current energies. The sand dunes act as 'sand
banks' to maintain the sedimentary and dynamic equilibrium of the dune–beach systems.
They serve as the centre of recreation.
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6. EIA report for mangroves and coastal sand dunes
A field survey of mangroves and sand dunes in 5 km around the proposed site of
development (e.g. port/harbor) by using GPS devices for developing a baseline data in the
following aspects
6.1. Analysis of structure and composition:
Forest structure will be analyzed in the sampling plot of 10 m x 10 m dimension. Data will be
recorded on the name of species, number of each species, plant height, diameter at the
breast height of 1.3 m (dbh), and frequency of occurrence of the species in different plots.
Based on the data, the followings will be calculated.
•

Density of each species (No./ha) = No. x 10,000 m2 divided by plot area of 10 m x 10 m

•

Total density of all species = Sum of all species densities

•

Basal area (m2) of each species =0.005 x dbh

•

Total basal area of all species (m2/ha) = sum of all species basal area divided by plot
area of 10 m x 10 m multiplied by 10,000 m2

•

Relative density (%) = no. of individuals of a species divided by total no. of individuals
of all species multiplied by 100

•

Relative dominance (%) = total basal area of a species divided by basal area of all
species multiplied by 100

•

Relative frequency (%) = frequency of a species divided by total frequency of all
species in different plots multiplied by 100

•

Importance value of a species = relative density + relative dominance + relative
frequency

•

Complex index = no. of species + stand density + basal area + height

•

Species diversity will be calculated as the Shannon index (H) based on importance
value of a species (Ni) and sum of importance value for all the species (N) by using
the formula.
H = Ni/N log Ni/N

6.2. Biomass and Biomass Carbon
Allometric equations will be followed for estimating the biomass of mangroves (Kaufman
and Donato, 2012) as follows.
Trunk weight, Ws
Leaf weight, WL
Above-ground weight, Wtop

=
=
=

Root weight, WR

=

Total biomass

=
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0.0696 x ρ x (D2H)0.931
0.135 x ρ x DB1.696
0.251 x ρ x D2.46
(Dmax=49 cm)
0.199 x ρ0.899 x D2.22
(D max =45 cm)
Wtop+WR
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Where,
D – Trunk diameter at breast height at 30 cm above ground in Rhizophoraceae members in
centimeter and at 130 cm in Avicenniaceae members
DB – Trunk diameter at the lowest living branch in centimeter
H – Tree height in meter
ρ – Wood density of trunk in ton per m3 (=0.752)

Calculations of carbon biomass: The biomass values are converted into carbon biomass
values in kilograms by multiplying with a factor of 0.42. Carbon biomass per hectare is
calculated by multiplying the carbon biomass with tree density per hectare. The Carbon
biomass values are converted into carbon-dioxide equivalent values by multiplying with a
factor of 3.67.
6.3. Analysis of Sediment Soil
Soil can be sampled at 5 different depths (1). 0-15 cm, (2) 15-30 cm, (3) 30-50 cm, (4) 50-100
cm, (5) >100 cm. If it is hard soil, dig a hole for 1 meter using a crowbar. Temperature will be
measured by using a thermometer with 0.5°C accuracy at different depths. pH will be
measured by using a pH meter or pH paper. Redox potential will be measured by using a
millivoltmeter with platinum electrode. Pore water salinity will be recorded by using a hand
refractometer, after crushing a small amount of soil through a Whatman No.1 filter paper by
using a syringe. For this, a known amount of sediment samples is moisturized with double
distilled water up to the moisture saturation level of the sediment.
The soil samples collected at the different depths have to be transferred to laboratory
immediately in sterile polythene bags and then analyzed for the following soil texture, soil
carbon stock and CO2 equivalent will be calculated. The texture of soil samples will be
calculated by sieve shaker (0.05 and 2 mm diameter particles) using American Society for
Testing & Materials (ASTM) sieve numbers between 270 or 300 and 10 (openings/inch)
respectively. The soil is named after trianglular textural diagram given by the United States
Department of Agriculture.
The bulk density of soil will be determined by dividing the soil weight by soil volume. The
soil samples will be analysed for N, P, K and trace metals, following the standard procedures.
The soil carbon will be determined by Gravimetric method or loss-on-ignition (LOI). The soil
sample of known quantity taken in crucible will be ignited at 375ºC for 16 hours. Loss of
Ignition (LOI) will be measured using a digital balance and calculated for carbon content by
using the following formula:
Organic carbon (%) in soil
Carbon (%)
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= Organic carbon x 0.5
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Carbon stock in sediment soil will be calculated by multiplying bulk density and total carbon
per sampled soil depth interval. Then the carbon stock in different depths of soil will be
summed up to get total carbon stock of sediment soil for one meter depth. The soil carbon
stock values are converted into carbon-dioxide equivalent values by multiplying with a factor
of 3.67.
6.4. Fauna associated with mangroves and coastal sand dunes:
The faunal species present in the sampling plots of 1 m x 1 m dimension will be identified
using standard manuals. Meiobenthos will be collected by sieving the soil sample. The
organisms retained in a 63 µm mesh sieve will be stored in 5% formaldehyde and coloured
with Rose Bengal (0.1%) solution. The meiofauna will be identified to group level and
counted under a binocular microscope. The density of meiofauna will be expressed as
number of individuals per m2 area. The number of macrobenthos and crab holes will be
counted in the sampling plot. The density of macrofauna will be expressed as number of
individuals per m2 area.
6.5. Preparation of GIS compatible maps:
The location of the proposed development site with radius of 5 km2 will be marked using a
hand GPS. The data will be saved in world mapping software using appropriate software (e.g.
ARC-VIEW). The satellite image will be compared with the data from land surveys. The area
of mangroves and coastal sand dune vegetation will be marked using the software.
7. Impacts of marine activities
There are two major environmental issues in the developmental activities of port and
harbour, and these are (i) discharges and emissions from cargo handling, and (ii) Noise from
cargo operations.
Discharges and emissions occur, often accidentally during cargo handling operations in ports
and harbours. Release of cargoes into the marine environment may have direct
environmental effects as a result of toxic substances, or indirect effects of oxygen depletion
on breakdown of non-toxic organic-rich substances. Air pollution is by dust and vapour
emissions while handling of dry bulk cargo. Water pollution is caused by leaks and damage
of discharging pipelines.
Oil or gas exploration, petroleum production and accidents by large oil tankers cause
significant damage to mangrove ecosystems. This is caused by toxic effects or the physical
smothering of roots, or combination of the two. As a result, the mangrove system may be
affected, by causing defoliation of trees, mortality of sessile and benthic organisms as well as
water fowls. Once the mangrove forest is affected by oil pollution, it will take a long time of
at least 10 years for recovery of the forest.
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Noise can have impact on bird species, but little impact on waterfowl and waders. In general,
wildlife, including birds, adjusts to noise levels. However, the noise disturbances may have
impact on the loss of feeding time.
In the case of coastal sand dunes, tourism related activities and sand mining are the major
marine activities that affect the sand dunes of the west coast, whereas cyclones, flood and
storms are natural hazards to sand dunes of east coast. There has been increasing
tourism in Goa and sand mining activities in Karnataka and Kerala.
8. Impact assessment
Mangrove plant species can indicate certain environmental changes and habitat conditions.
These can be used as 'indicator species' to monitor the changes in the mangrove habitats
(Table 3; Figs. 6 and 7). In addition, abnormal morphological changes, such as premature fall
of flowers and fruits, defoliation, death or multi-branching of aerial roots (e.g.
pnuematophores) in mangroves can be used as indicators of stressful conditions. Besides
these, abnormal mucus secretions, fouling smell, mortality of benthic organisms, and change
in turtle migration pattern can also be used as the indicators of adverse conditions. In the
case of coastal sand dunes, impacts can be assessed in terms of dune height, floral
composition, habitat destruction and fragmentation.
Table 3. Indicator species of mangrove habitats
Sl. No.

Indicator species

Environmental conditions

2

Salt marsh species (Suaeda sp., High salinity
Salicornia sp.)
Avicennia marina
Aridity, high salinity, high organic load

3

Acanthus sp.

4

Nypa fruticans, Heritiera fomes, Freshwater inflow
Sonneratia caseolaris
Acrostichum sp.
Acid sulphate soil, degradation of mangrove

1

5

Low salinity

habitat
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Fig. 6. Acrostichum aureum, the mangrove fern
bioindicator of soil degradation and acidic soil

Fig. 7. Suaeda, a salt marsh plant, indicator of
high salinity of soil

9. Mitigation measures to protect mangroves and coastal sand dunes
Afforestation refers to the plantation in new areas, whereas the restoration / rehabilitation /
regeneration refers to the planting in damaged or degraded or destroyed areas. Regarding
mangrove restoration, natural restoration and hydrological restoration are more preferable
than the artificial restoration by planting. Natural restoration is ideal when the hydrology is
normal, and seeds are available sufficiently, whereas hydrological restoration is preferred if
hydrology is not normal. The artificial restoration by planting is the last option when seeds
are not sufficiently available to colonize the area. It is all the more important (i) to
understand local ecological conditions and hydrological regimes, (ii) to restore hydrology
and remove barriers to natural regeneration, (iii) to select appropriate species and planting in
natural zonation patterns, and (iv) to assess the success and functionality (vegetation,
succession, faunistic recruitment, environmental factors and process). This approach is more
effective to ensure the restored mangroves survive and function better.
Sand dune vegetations can be better raised by using nursery-derived seedlings inoculated
with microbial biofertilizers so as to cope up with the nutrient-poor conditions of sandy
shore, after transplantation.
10. Environmental Management Plan
10.1. Promotory management of mangroves
Government of India has been implementing management action plan (MAP) in 38
mangrove areas, identified along the coastal India (Table 4). The MAP components are (i)
Survey, Assessment and Demarcation; (ii) Capacity Building : Staff Training and Skills; (iii)
Shelter Belt Development; (iv) Protection & Monitoring; (v) Restoration and Regeneration
Measures; (vi) Alternate and Supplementary Livelihoods; (vii) Community Participation ; (viii)
Mangrove Afforestation/Plantation (in degraded areas and open mud flats); (ix) Biodiversity
INDOMER

L8 - 14

Conservation; (x) Sustainable Resource Development; (xi) De-silting; (xii) Weed Control; (xiii)
Pollution Control; (xiv) Environmental Education & Awareness; and, (xv) Impact Assessment
and Evaluation of the MAP.
Table 4. Mangrove areas of India under Management Action Plan
State/Union
Territories
West Bengal
Odisha

Andhra
Pradesh
Tamil Nadu

Andaman &
Nicobar
Kerala
Karnataka

Goa
Maharashtra

Gujarat
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Mangrove sites
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.

Sundarbans
Bhitarkanika
Mahanadhi
Subernarekha
Devi
Dhamra
Mangrove Genetic Resources Centre
Chilka
Coringa
East Godavari
Krishna
Pichavaram
Muthupet
Ramnad
Pulicat
Kazhuveli
North Andamans
Nicobar
Vembanad
Kannur (Northern Kerala)
Coondapur
Dakshin Kannada/Honnavar
Karwar
Manglore Forest Division
Goa
Achra-Ratnagiri
Devgarh-Vijay Durg
Veldur
Kundalika-Revdanda
Mumbra-Diva
Vikroli
Shreevardhan
Vaitarna
Vasai-Manori
Malvan
Gulf of Kutch
Gulf of Khambhat
Dumas-Ubhrat
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10.2. Regulatory management of mangroves
Most of the Indian mangrove forests are under legislative protection by the Indian Forest
Conservation Act, 1980 and the Wildlife (Protection) Act, 1972. The mangrove habitats are
categorized in the National Park or, Wildlife sanctuary or, Reserve & protected forests,
and/or community reserves.

Punitive actions in case of illegal mangrove destruction: Illegal destruction of mangroves
is a violation of the Coastal Regulation Zone Notification 1991 and it attracts the provisions
of the Environment (Protection) Act 1986. Section 5 of the Act has provisions for closure of
the unit, stoppage of electricity, or water to such units. Section 15 of the said Act provides
imprisonment for a term of 5 years with a fine which may exceed to one lakh rupees, or both,
and in case the failure to contravention continues, with additional fine which may extend to
five thousand rupees for every day. If the failure or the contravention continues beyond one
year, the offender shall be punishable for a term which may extend to seven years. The
above powers are delegated to the State/UT Coastal Zone Management Authorities.
Integrated coastal zone management is actively practiced in conservation and management
of mangrove ecosystems. The Coastal Regulation Zone Notification (2011) under the
Environmental Protection Act (1986) recognizes the mangrove areas as ecologically sensitive
and categorizes them as CRZ-I (i). This implies that the mangrove areas are afforded
protection of the highest order.

10.3. Participatory management of mangroves
Mangroves are much to be managed with participatory approach from man-made pressures
on mangrove conversion for aquaculture, urbanization and other developmental activities.
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PHYTOPLANKTON AND ITS ROLE IN MARINE ENVIRONMENT
Dr. B R Subramanian
Former Advisor, Ministry of Earth Sciences, Govt. of India
1. Phytoplankton, its Ecological significance and distribution in the sea
Phytoplankton, also called as microalgae of the sea, contains chlorophyll similar to terrestrial
plants. They synthesize organic carbon using dissolved carbon di-oxide, chlorophyll and
nutrients in the presence of sunlight. As a result, they release dissolved oxygen in the
surrounding water which leads to enrichment of dissolved oxygen. During the dark period i.e.,
at nights no primary production occurs due to lack of sunlight, instead, the respiration
dominates with intake of dissolved oxygen and release of carbon di-oxide (respiration occurs
throughout the day). They are unicellular microscopic plants range in size from 1/ 1000 of a
millimeter to 2 millimeters and most of them float in the sea surface and drifted by sea currents
including tidal currents. Nutrients like nitrate, ammonium, phosphate and silicate with micro
levels of trace elements like are essential for growth of the phytoplankton. Since they produce
organic matter in the sea and also form as food for a wide range of marine organism including
whales, shrimp, snails, and jellyfish, they are called as Primary producers. It makes, the
phytoplankton to be in the base of the marine food chain (Fig.1). The coastal water bodies are
often termed as highly, moderately and less productive mainly based on the strength of
population of phytoplankton. The phytoplankton have high rate of reproductive capabilities
with cells doubling time of species is low as 12 -24 hrs.

Fig.1. Marine food chain – showing the role of phytoplankton
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Classification
Phytoplankton has different types of organisms.
Common ones are diatoms
(Bacillariophyceae), dinoflagellates (Dinophyceae) and blue green algae (Cyanophyceae).
Diatoms also have shells, but they are made of a different substance and their structure is rigid
and made of interlocking parts (Fig.2). Diatoms do not rely on flagella to move through the
water and instead rely on ocean currents to travel through the water. Dinoflagellates use a
whip-like tail, or flagella, to move through the water and their bodies are covered with complex
shells (Fig.3). The blue green algae use atmospheric nitrogen to fix organic carbon (Fig.4).
Based on size, the phytoplankton is classified as Netphytoplankton (>20 micron)
Nannonplankton (Between 5 and 20 micron) and Picoplankton (5 microns and less).

Fig. 2. Image of diatom species of Diatoms
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Fig. 3. Images of Dinoflagellates

Fig. 4. Image of Trichodesmium erythreaum, a common Blue green algae in Indian waters
Distribution of Phytoplankton
The major groups of phytoplankton are distributed in brackish water zones of estuaries
(salinity around 15 PSU), mangroves, coastal waters and open waters. Compared to other
water bodies, estuaries and coastal waters are abundant in phytoplankton. Most of the
phytoplankton is present in euphotic zone (upto which light that is required for synthesis of
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organic matter by phytoplankton). There are few species exist below the euphotic zones, but
scarce in abundance and used to adopt limited light conditions.
2. Method of Collection, Identification and Analysis
Estimation of population of phytoplankton in the form of cell nos/litre or biomass g/m3 is one
of the most essential requirements to assess the status of productivity of a water body. The
procedures involved in this regard are:
Phytoplankton population study in the marine environment is more difficult than in other
systems. In the marine environment, sampling sites are dependent on water current, depth,
water column stability, fresh water in flow, river runoff, off-shore sites prone for bloom etc.
Accessibility is another important criterion to choose a sampling site. Water samples can be
collected from four general areas of the water column such as the surface, integrated mixed
layer, discrete depth and the water column profile, using different methods.

Qualitative and Quantitative Sampling

i. Surface Sampling
Phytoplankton from the surface water should be collected by using plastic bucket hauled from
the sampling boat. Sample should be collected by allowing the bucket fully dipped into the
water up to 0.3 m deep.

ii. Sub-surface and Deep water Sampling
Phytoplankton samples from the sub-surface should be collected at the depth of 0.5 to 1 m
when the depth of the water column is about 2 to 3 m. While taking the samples from deeper
waters, it should be collected at regular depth intervals.

Collection using Nets

Several plankton nets are available which can be used for phytoplankton sampling.
Phytoplankton collection can be carried out either directly using the bolting silk cloth No. 25
with pore size 64µm. Water is taken in measured quantity (by using graduated container) and
filtered through the bag net prepared with bolting silk or monofilament nylon material. Finally
the sample is poured into a container by rinsing the bag in little amount of water and should
be preserved according to analysis preferences. Bolting silk cloth or Nylon material mesh can
be selected and used for construction of various types of phytoplankton nets. This method is
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more accurate for quantitative analysis of the phytoplankton sample. As the water filtered
through the net can be accurately measured.
Standard Plankton Net
The standard plankton net is used for qualitative analysis of the phytoplankton. Simple
plankton net is conical in shape. The diameter of the mouth is 15 cm and length of the net is
60 cm. The diameter and the length of the net should be increased according to the
requirement. The ratio of net length to the net mouth diameter should be maintained between
3:1 and 5:1. It is made up of metal or plastic ring at its wide end. The narrow end of the net is
aided with removable PVC container to collect the plankton sample filtered through the net.
The ring at the mouth is bridled down through three nylon ropes tightened finally to the main
towing sample in horizontal manner the same net can be towed in horizontal direction at the
surface by removing the weight from the distal end. The net used for the purpose is made of
monofilament nylon. The size of the mesh can be selected according to the target sizes of the
phytoplankton groups. The standard size range is considered from 5 to 20 µm. The speed at
which net is towed should be given consideration. The speed of the net towed should be
restricted to < 5 knots. The net should be washed frequently after use and allowed to air dry.
The condition of the net should be inspected for pin size holes and other wear and tear.
Advantages

▪
▪
▪

It is relatively less expensive, easy to handle and can be used for different types of
surface waters.
It can be well operated from small powered boat.
It can be fitted with a flow meter to know the volume of the water filtered to get
the semi-quantitative sample.

Disadvantages
▪

It requires towing through the long stretch of water with not very shallow depth.

▪
▪

It is suited to qualitative sampling.
Clogging due to extraneous materials or debris create problem in sampling and

▪

result.
With fine mesh in use there should be reduction in collection efficiency and failure
of the equipment due to tearing.
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Calculation of the volume of Water Filtered through a net
To quantify the population or density it is essential that the volume of the water filtered
through the net should be known. This can be determined approximately by using the formula:
V= r2.d
Where,
V = Vol. of water filtered through net
r = Radius at the mouth of the net
d = Distance through which the net towed

Concentration of Sample
When large volume of water is collected through net sampling in which the number of
phytoplankton cells appears less dense, the sample in volume can be reduced using one of
the following methods.
•

By settling: The sample can be kept in a measuring cylinder for settlement after
preservation. Later settled portion can be collected by siphoning the top water out
by using narrow tube.

•

By using plankton concentrator: The sample can be filtered immediately after
sampling using plankton concentrator. In this, the sample is passed through a stiff
tube of PVC or Perspex with filter of nylon monofilament net attached at the
bottom.

•

By centrifugation: Sample is centrifuged for 10 to 15 min at 1500 to 2000 rpm.
The supernatant is removed by decanting.

Sample Preservation
To analyze the sample in live condition, it should be stored in a refrigerator in a partially filled
container or in ice bags in the dark or at ambient temperature. In this case the samples should
be examined immediately. If the samples are to be analyzed later in the lab, it should be
preserved appropriately with suitable preservatives. Different types of phytoplankton
preservatives are:
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Preservation with Lugol's Iodine Solution
Acidic

Alkaline

Neutral

Modified

20 g Potassium iodide

20 g Potassium iodide

20 g Potassium iodide

10 g Potassium iodide

10 g Iodine (I2)

10 g Iodine (I2)

10 g Iodine (I2)

5 g Iodine (I2)

20 g conc. Acetic acid

50 g conc. Acetic acid

200 mL Distilled water

20 mL Distilled water

200 mL Distilled water

200 mL Distilled water

50 mL with 5 g anhydrous
sodium acetate dissolved

▪

Add 0.2 to 0.8 mL of Lugol's solution for 100 mL of sample.

▪

Preserved samples should always be stored in dark to avoid reaction with sunlight.

▪
▪

Different types of Lugol's solution can be used according to the requirement.
Lugol's iodine is suitable for all phytoplankton but acidic Lugol's solution dissolves
the coccoliths of Coccolithophores commonly present in marine water and
estuaries.

▪

Modified Lugol's Iodine solution preserves the Coccolithophores but is not suitable
for other flagellates.

Preservation with Formaldehyde
Formaldehyde ensures the long term preservation of phytoplankton. It is necessary to fix the
phytoplankton sample immediately to prevent any change due to light, temperature, etc.
▪
▪

Acidified Formaldehyde
Buffered Formaldehyde

▪

Neutralized Formaldehyde
Acidic

Buffered

Neutral

20% formaldehyde solution
(HCHO)

1 L 37% formaldehyde

20% formaldehyde solution
(HCHO)

50 mL Glacial
acetic acid (CH3COOH)

20 g sodium borate, Na2B4O7,
Maintain pH=7.5

100 gm Hexamethylene
tetramine

▪

For 100 mL of sample 2 mL of Formaldehyde should be added.

▪

For net phytoplankton formaldehyde is added to make one third of volume of the
sample.

Storing of Phytoplankton Sample
To store the sample for long time it should be appropriately preserved and kept in the plastic
vials of good quality. Plastic vials should not absorb the color of the preservative. For long time
storage, glass sampling bottles should be used in order to minimize the chemical reaction with
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preservative. Sample stored in glass bottle can be monitored frequently to check the status.
The bottle should be tightly closed to avoid spillage and evaporation of the preservative. The
storage bottle should be filled to 75-80% of its volume, so that the sample can be
homogenized thoroughly before pouring it into sedimentation chamber.

Labelling of Sample
Labelling of the sample collected in the bottle should be done properly. It should have
information such as place of collection, date and replication etc., clearly mentioned in the label
so that the sample can be identified accurately. Label should be marked with pencil or water
proof marker.

Sample Processing
Sedimentation
Sedimentation allows phytoplankton to settle down to the bottom of the sedimentation flask.
Sedimentation of the sample can be done by using 1 liter conical measuring cylinder or in
Utermohl's tubular chamber. Sedimentation should be done at the room temperature and out
of direct sunlight. To avoid evaporation the chamber must be covered form the top. The
settling time depends on the chamber and the preservative added. Different chambers are
used depending on the density of the phytoplankton in the sample. The recommended settling
times for Lugol's preserved samples are shown in the table.
Chamber volume
(mL)

Chamber height
approx. (cm)

Settling time
(hr)

2

1

3

10

2

8

25

5

16

50

10

24

Preparation of Chamber
Plexiglass tubes should be cut to desired length for the purpose and transparent glass piece
can be cemented on the bottom with suitable adhesive. Loose circular glass plate should be
used to close the chamber from the top while processing the sample. These chambers should
be from 2 to 50mL capacities while the bottom size remains same. Utermohl’s compound
chamber volume range from 10 to 50 mL and the top portion is a square shallow chamber of
2 mL capacity and a height of 4 mm and a tubular chamber with square brim similar to that of
the bottom chamber with ends opening from both sides and water–tight when placed
together.
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Filling up of Utermöhl's Chambers
Filling of the sample chamber is done by placing the chamber on a petri plate. The sample is
shaken well and the tubular chamber is filled till it overflows. The chamber is closed with cover
plate without any air bubble trapped inside. The chamber is then allowed to settle down for
observation. In case of the compound chamber, the upper chamber is filled with preserved
sample and left undisturbed for minimum of 24 hours for settlement of the phytoplankton.
Formaldehyde preserved sample needs setting time of up to 40 hours independent of the
chamber size. After sedimentation, the top tubular portion is gently slid off from the bottom
plate and replaced by a cover glass. Care should be taken that no air bubble enters at this
stage. The bottom plate should be slowly transferred to the inverted microscope.
Counting
Sedgewick-Rafter Counting Slide
The Sedgewick-Rafter counting slide is a device used for plankton counting. This can be
manipulated and provides reproducibility of results with calibrated microscope with eyepiece
measuring device. This is a quick method for quantifying samples with high cell numbers. The
slide is comprised of a transparent base, which has a centrally mounted chamber (50 mm x 20
mm x 1 mm deep) and can hold 1 mL of sample. The base of this chamber has a ruled 1 mm
grid, so that the 1 mL sample is subdivided into single micro liters. This chamber is covered
over by a cover glass, which protects the sample from drying out and disturbances by air
currents. The sample is then counted using a compound microscope.
F = (1000/Number of Squares Counted) * 1000
To obtain a final result expressed as cells L-1 the following equation is used to calculate
the multiplication factor (F). F is dependent on the number of squares of the base of the cell
counted during the analysis.
Examples of F for the Sedge wick-Rafter slide:
4 rows (200 squares) are counted.
F = (1,000/200) * 1,000
= 5 *1,000
= 5,000
50 rows (1000 squares) or the entire slide is counted.
F = (1,000/1,000) * 1,000
= 1 * 1,000
= 1,000
▪

It allows quick analysis of samples with high density

▪

It has been proven for its reproducibility results between 10000 and 100000 cells L-1

▪

It is economical in use

▪

It is difficult to use this with objectives having high magnification (40X)

▪

Not suitable for studying nannoplankton
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Sample Identification
Microscopy
Since 150 years several techniques and methods for analysis of phytoplankton have been
developed and adopted by the researchers throughout the world. Microscope based methods
involve the identification of the phytoplankton based on the morphology. Taxonomists should
have hands on experience and high degree of skill and patience for the identification of the
species and adequate training should be included in the program. A high quality of microscope
is essential for phytoplankton enumeration and identification. The ideal microscope should
have phase contrast, oil immersion, and several magnifications (for example - 10X, 40X and
100X). Many species of phytoplankton appear transparent under light microscope. Hence,
different techniques should be used to improve the contrast for observation. Differential
Interference Contrast (DIC) and Phase contrast are used. The two commonly used microscopes
for identification and counting are
The standard compound microscope
▪

Standard equipment is a set of 10X or 12.5X oculars and 10X, 20X, 40X and 100X
objectives. Objectives are used to provide adequate working distance for the counting
chamber. Magnification requirements vary with the plankton fraction being
investigated, the type of microscope, counting chamber used and optics.

The inverted microscope
▪

The objectives for the inverted microscope are below a movable stage and the
illumination comes from above, permitting view of organisms that have settled to the
bottom of the chamber. The advantage of the inverted microscope is that by a simple
rotation of the nosepiece a specimen can be examined directly in the settling chamber
at any desired magnification.

3. Effect of Physical and Chemical processes on Productivity and impact of these factors
in marine environment
The Phytoplankton in the sea is influenced by physical, chemical and biological processes.
Tides, waves and currents are the chief physical factors that influence the distribution of the
phytoplankton. The tides in Indian waters are semi-diurnal in nature. The tidal range, which
determines the tidal current and configuration of the receiving water determine the strength
of tidal currents. It is termed as spring (high) and neap (low) tides. The tidal range varies from
place to place. While the tidal range is about 80cm in Chennai, it is around 7m in Gulf of
Khambhat. As a result, the tidal currents are stronger where the tidal ranges are more. During
high tide, the phytoplankton being buoyant in nature is drifted and carried towards the coastal
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water bodies like estuaries, backwaters, lagoons etc. Such enrichment of the phytoplankton
by tidal currents again depends on the mouth conditions of the estuaries. Normally the neritic
waters i.e., the nearshore waters are rich in phytoplankton, due to adequate nutrient supply
from estuaries. When the mouth of the estuary, lagoon and brackish water areas are without
siltation, they are deeper which facilitate normal flow of seawater into these water bodies
during the high tide. Hence, the supply of phytoplankton from the sea is substantial. However,
the when the mouth is silted with sea sand which occurs due to wave actions, the supply of
neritic phytoplankton is very less. This can be commonly found in estuaries like Vellar, Palar
and backwaters like Muthukkadu in Tamil Nadu and silted mouths of other coastal waters in
other coastal states. If desilting efforts are made periodically, these water bodies can be
ensured good population of phytoplankton besides the resident population. The resident time
of neritic phytoplankton population in the estuaries again depends on the strength of the ebb
current. The estuary that is significantly enriched by the neritic phytoplankton provides good
opportunity to the higher organisms like zooplankton, fish larvae and herbivore organisms to
obtain their food. As a result, these estuaries show higher level of fish production. Further
regular flow of tide ensures dilution of harmful chemicals or high concentration of chemical
elements present in these water and transport to the offshore. This ensures fairly good water
quality conducive for the growth of the phytoplankton. Therefore, ensuring tidal flow in coastal
waters like estuaries is important to maintain their productivity.
Similar to tidal currents, the ocean currents also influence the distribution of phytoplankton.
The upwelling phenomena which occurs along the west coast of India during the south-west
monsoon, brings nutrient rich bottom water to the surface and results in high productivity of
phytoplankton in the surface waters.
Besides the physical forces, that determine the extent of distribution of phytoplankton in the
sea, the chemical elements and biological aspects determine their abundance. Nutrients such
as Ammonium, nitrite, nitrate, phosphate and silicate are essential for growth and reproduction
of phytoplankton. Beside the phytoplankton require trace metals like iron for their growth but
in trace quantities compared to the inorganic nutrients.
The concentration of essential nutrients like ammonium, nitrate and phosphate greatly
influence the growth and reproductive behavior of phytoplankton. These nutrients are
abundant in estuaries and coastal waters due to enrichment from the rivers and other water
bodies that are connected to the sea. River discharge and Semi treated/untreated sewage are
few of the major sources of these nutrients in the sea. The phytoplankton experience abnormal
growth when the nutrient levels reach very high and lead to occurrence of blooms. These
blooms vary in colour depending on the species that causes bloom. For e.g., bloom of
cyanophycean algae namely Trichodesmium erythreaum gives appearance of pink to red
colour and often termed as red tide. (Fig.5). The coastal waters that experience blooming
often are termed as eutrophicated waters. The mass algae growth leads to oxygen depletion,
due to heavy consumption of dissolved oxygen by algae themselves and also due to
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degradation of dead algae. Any organism especially the passively moving organisms like
zooplankton and fish larvae when get trapped in the hypoxia (low dissolved oxygen water),
does not survive leading to mass mortality of these organisms. Such events do happen for
fishes, when the bloom density is high and spread over a large area in the sea. Besides,
biosubstances produced during bloom especially by the blooms of Dinoflagellates like
Noctiluca scintillans and blue-green algae such as Trichodesmium erythraeum are known to
secrete toxins that cause mortality or ailments in marine organisms.

Fig. 5. Image of a Trichodesmium bloom in the sea
Phytoplankton is sensitive to the salinity conditions in the estuaries and other coastal water
bodies. Most of the species especially the large sized phytoplankton (> 20 micron in size)
require salinity conditions around 20 PSU. Nannoplankton survives salinity levels unto 12 PSU.
It could be seen that during freshwater flooding in the estuaries, the concentration of marine
phytoplankton will be almost negligible due to resistance by high velocity freshwater flow to
the seawater entering into the estuaries. After cessation of the monsoon, the freshwater flow
decreases and the salinity levels slowly improve due to flow of neritic waters during high tide
that also brings phytoplankton from the sea. The population of phytoplankton in the estuaries
is re-established. Such cyclic events occur every year in Indian estuaries and backwaters.
4. Various activities that have impact on Phytoplankton and Mitigation measures to
protect phytoplankton
Untreated waste water and harbor activities
Release of untreated waste water from municipal and industrial sources into the coastal waters
bodies and in the sea leads to large scale consumption of dissolved oxygen from the ambient
water by the bacteria for decomposition of organic matter present in the sewage and industrial
effluents. This leads to depletion in the concentration of dissolved oxygen in the ambient
waters resulting in poor occurrence of organisms including phytoplankton. The water bodies
that receive treated sewage with normal levels of nutrients and dissolved oxygen show normal
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conditions in abundance of plankton and population of other organisms like fishes. However,
due to release of untreated waste water, the sea and the associated coastal water bodies
receive enormous load of nutrients like phosphate, nitrate and ammonium. These excess loads
cause eutrophication resulting often in blooms. When the dead phytoplankton decay in the
sea, there is a temporary loss of phytoplankton generation at that location and it takes few
days to establish the normal conditions after the tide brings new population from offshore.
Further decomposition of the organisms cause depletion of dissolved oxygen affecting the
other animals. At times, it causes mass mortality of fishes too. The low phytoplankton period
also affects other dependent organisms. If only treated are released into the sea, such adverse
condition like temporary decline in phytoplankton population can be avoided. This applies to
industrial and other waste water containing putrefied organic matter in the effluent.
The industrial waste water, if released untreated, will contain heavy metals and organic
chemicals in harmful quantities. Such contaminants will affect the growth and reproductive
rates of the phytoplankton resulting into low population of these organisms.
Grazing by zooplankton is one of the factors that play a role in the abundance of the
phytoplankton. Though, the zooplankton is regular grazers of phytoplankton, factors causing
excess population of zooplankton affect the occurrence of phytoplankton. Such waters are
called as heterotrophic waters.
A number of other activities such as release of hot water by power plants and refineries,
discharge of brines by salt pans and desalination plants, dredging of the sea for navigational
channels by the Ports and consequent dumping of dredge spoils, affect the population growth
and reproduction of phytoplankton. Increase of ambient temperature by 5 to 12oC by the hot
water discharge, completely wipes out the phytoplankton population in that limited area, as
the phytoplankton cannot tolerate such sudden exposure to elevated ambient temperature.
Similarly, instant release of brines by the salt pans and desalination plants increases the salinity
to 60 to 80 PSU affects the population of phytoplankton due to their intolerance to high
salinity.
Ports and harbours dredge the sea bed for construction of breakwater and preparation of
navigational channels. The dredged materials, are often dumped at a far away location in the
sea. The bottom sediment contains mostly Hydrogen sulphide and it consumes enormous
dissolved oxygen from the surface water commanding to its decrease. Such low concentration
in the sea, though prevail for a limited period affect all drifting organisms like phytoplankton.
Besides, if the sediment is contaminated with high concentrations of harmful organic
chemicals like DDTs, Poly Aromatic Hydrocarbons and heavy metals like mercury, copper,
arsenic, it affects growth of the phytoplankton. The extent of tolerance of these chemicals by
the phytoplankton is normally determined through laboratory experiments, which varies from
species to species and size fractions of the phytoplankton.
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5. Environmental Management Plan
The Environmental Management Plan (EMP) is prepared as a part of the Environmental Impact
Assessment (EIA) prepared to obtain Environmental Clearance for developmental and service
projects. The EMP addresses the problems and issues identified in the EIA and provide
solutions to overcome the problems. Generally, solutions belong to several categories of
environmental including that of degradation of biodiversity.
If the EIA predicts an adverse impact on loss of phytoplankton communities which happens
due to continuous decline of phytoplankton biodiversity (an area that is rich in phytoplankton
species termed as an area of undisturbed biodiversity or rich in biodiversity). Normally the
single coastal activity causes short-term impacts on phytoplankton and the population
recovers on its own. This is due to the fact that their regeneration time is in hrs. However, at
one location if multiple activities cause combined impact, it may lead to slow reduction in its
population, as rate of adverse impacts overrun the regeneration rate. In such cases, an exercise
called cumulative impact assessment has to be carried out. This exercise takes in to account
impact caused by each activity and works out the rate of loss of population as well as
continuous reduction in regeneration time. In order to prevent such loss of phytoplankton
community over a period of time for e.g., in cases of multiple industrial effluents causing
adverse impacts on phytoplankton, restrictions in terms of reduction in load of pollutants that
affect the phytoplankton or stringent discharge standards are recommended.
6. Conclusion
Phytoplankton is placed at base level in the food chain of sea. It plays an important role in the
ecosystem as primary producer and also in climate change by absorbing carbon-di-oxide in
the seawater. Source control of pollutants from industries and municipal sources in form of
treatment leading to complete removal of harmful substances will ensure presence of
optimum level of phytoplankton community in the sea.

This is essential for sustained

productivity of the sea.
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SEAWEEDS AND SEAGRASSES
Dr. P. Anantharaman
CAS in Marine Biology, Faculty of Marine Sciences, Annamalai University,
Parangipettai 608 502
1. Introduction
Seaweeds
Seaweed is the macroscopic marine algae found attached to the bottom in relatively shallow
coastal waters. They grow in the intertidal, shallow and deep sea areas up to 80 meter depth,
estuaries and backwaters on solid substrate such as rocks, dead corals and pebbles. Seaweed
zone is one of the conspicuous and wide-spread biotope in the shallow marine environment.
The seaweeds are totally different from higher as they neither have true leaves, stems and
roots or vascular systems neither specialized sex organs.
Seaweeds are classified based on their pigments into three major groups. They are
1. Chlorophyceae (Green Algae), 2. Phaeophyceae (Brown Algae) and 3. Rhodophyceae
(Red Algae)
Chlorophyceae: Green algae photosynthetic portion of the thalli may be moderately to
highly calcify appearing in variety of forms as fan shaped segments, feather like or star
shaped branches with teeth or pinnules and clavate or globose branchlets. It possesses
pigments as Chlorophyll a & b, contained in special cell structure called chromatophores.
The chloroplasts are found in varying shapes and sizes. Reproduction in chlorophyceae
shows great variation. They produce sexually or asexually by forming spores. The vegetative
propagation is also achieved through fragmentation.
Example: Ulva sp., Enteromorpha sp., Chaetomorpha sp., Codium sp., Caulerpa sp, etc.,
Phaeophyceae: Brown algae have different morphology from simple. Freely branched,
filaments to highly differentiated forms. They are varying in colouration from olive yellow to
deep brown. The colouration is due to the accessory carotenoid pigment and fucoxanthin.
Most of the brown algae are rich in Xanthophylls and fucoxanthin. In general brown algae
contain Chlorophyll a & c, β-Carotene and Xanthophylls. These algae also reproduce sexually
and asexually. Several species also reproduces vegetatively by fragmentation.
Example: Sargassum, Laminaria, Turbinaria, Dictyota, etc.,
Rhodophyceae (Red Algae): They vary in size and shape. They are either epiphytes, grows
as crust on the rocks or shells as a large fleshy, branched or blade like thalli. The colouration
of rhodophyta is due to water soluble pigments, the red phycoerithrine and blue
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phycocyanin. Other pigments present are chlorophyll a&b, Carotenoid, etc. These algae are
reproduces asexually or sexual in nature. Most of these algae reproduce vegetatively by
fragmentation.
Example: Gracilaria sp., Gelidiella sp., Eucheuma sp., Ceramium sp., Acanthophora sp, etc.,
Seagrasses
Seagrasses are the marine flowering plants. They are the only angiosperms that successfully
grow in tidal and subtidal marine environment. Seagrasses belong to the families,
Hydrocharitaceae and Potamogetonaceae and they are in no way related to the terrestrial
grasses of Poaceae. As mangrove and coral reef ecosystems are closely associated with the
seagrass ecosystem, there is a lot of export of organic matter and nutrients form the latter.
Seagrass meadows are highly productive and dynamic ecosystems, which rank among the
most productive ecosystems of the oceans.
2. Distribution of seaweeds and seagrass along the Indian coast
Seaweeds
Along the coastline of India, the littoral and sub littoral rocky areas support good growth of
different seaweeds. There is luxuriant growth of seaweeds along the Southeast coast of Tamil
Nadu, from Mandapam to Kanyakumari; Gujarat coast; Lakshadweep Island and the
Andaman and Nicobar Islands. Fairly rich seaweed beds are present in the vicinity of
Mumbai, Ratnagiri, Goa, Karwar, Varkala, Kovalam, Vizhinjam, Visakhapatnam and few other
places such as Chilka and Pulicat lakes. In India, 844 species are reported (Oza and Zaidi,
2001) and their commercial exploitation has been commenced since 1966.
In 1976, the survey was undertaken by CSMCRI (Central Salt Marine Chemical Research
Institute) in collaboration with Department of Fisheries Government of Maharashtra; Konkan
Krishi Vidyapeeth, Ratnagiri and National Institute of Oceanography (NIO), Goa, covering
22.5 km of the 653 km coastline. Estimates for two species, viz. Sargassum and Ulva were
only given, recording 315 tonnes (Chauhan, 1978). The Andaman and Nicobar Islands have
been partly surveyed by CMFRI. The standing crop of 19,111 tonnes (fresh weight) was
estimated for an area of 40 km out of 212 km shoreline of South Andaman (Anon, 1979). The
survey was carried out along Gujarat coast during 1971–75, only for the Saurashtra region
from Okha to Mahuva, in five sectors covering a distance of 47.3 km out of 1215 km
coastline by CSMCRI, in collaboration with Department of Fisheries, Government of Gujarat.
The standing crop for economically important seaweeds ranged from 282 to 610 tones
(Chauhan and Mairh, 1978). In another survey, the entire coast of Maharashtra was surveyed
by NIO during 1979 and an estimate of 20,000 tonnes (fresh weight) of seaweeds was
reported (Untawale et al., 1979).
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The Karnataka coast supported poor seaweed growth and data for qualitative survey were
only available (Agadi, 1985). The seaweed resources of Kerala coast were given by
Chennubhotla et al., 1988. The Andhra Pradesh coast was surveyed by CSMCRI, in
collaboration with Department of Fisheries, Government of Andhra Pradesh during 1979–82
in three sectors. The average standing crop was found to be about 7500 tonnes (Anon,
1984). Kaliaperumal et al., (1995) studied with the distribution of seaweeds and seagrasses
during the deep sea survey conducted in the first sector from Kattapadu to Tiruchendur in
Tamil Nadu coast between December 1986 and March 1987 covering an area of 650 km. In
this survey 58 species of marine algae were recorded of which 7 genus belong to
Chlorophyta, 12 genus to Phaeophyta and 39 genus to Rhodophyta. The studies on algal
resource and monthly fluctuations in biomass have been carried out in different regions of
Indian coasts (Stella Roslin and Lazarus, 2001).
Seagrass
Being an unique component of coastal habitat, 72 named seagrass species (Short et al.,
2011) is estimated worldwide, represented by 14 genera (den Hartog and Kuo, 2006) in six
families (Hydrocharitaceae, Cymodoceaceae, Posidoniaceae, Zosteraceae, Ruppiaceae and
Zannichelliaceae) (Short et al., 2011) in which 14 sea grass species in India are grouped under
Cymodoceaceae and Hydrocharitaceae (Jagtap et al., 2003). Most of the species forms
healthy meadoes along the south east coast Gulf of Mannar and Palk bay) of Tamilnadu and
Islands of Andaman and Nicobar and Lakshadweep (Kannan & Thangaradjou, 2006;
Thangaradjou et al., 2010; Nobi et al., 2011)
3. Methods of collection, identification and analysis
Seaweeds
The collection of seaweeds in the field is done during the low tide. It is necessary to go for
collection one or two hours before the time of low tide as per tide tables. It is important to
make notes on the description of the site location, topography, associated flora and fauna
and other related parameters. Although, there are number methods to collect seaweeds, we
consider here two methods which are practical and easy to study. a) Line transect method
and b) random sampling method.
A line or belt transect is laid perpendicular to the coast from high tide to the low tide with
the help of long rope. Sampling points along the rope can be marked depending on the
gradient and the expanse of the intertidal area. In case the intertidal area is small, sampling
points can be marked at 5 m intervals along the rope and if intertidal area is quite large the
sampling point can be marked at 10 or 20 m along the rope.
Samples can be selected at random as per requirement. This can be done by selecting
sampling points in the area and using quadrant. Sampling points should be selected in such
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a manner that every species of the study area has good chance being selected. This type of
sampling is usually done in the area where the intertidal expanse is very narrow with steep
gradient. It is also employed for qualitative estimation of the seaweed.
GREEN SEAWEEDS

i) Ulva lactuca

Division : Chlorophyta
Class
: Chlorophyceae
Order : Ulvales
Family : Ulvaceae

Description: Plants bright yellowish-green; grows as large sheets and attached by small disc;
leaf-like with undulating wide blades; blades upto 20 cm tall, much broad than long; heart or
oval shaped and occasionally with some holes; like waxed paper to touch.

Habitat: It is found in moderately exposed situations on rocks, wood works or coarse algae,
in pools and quiet shallow waters near the low tide mark. It also thrives in brackish water
with organic pollution. This species occurs in all months of the year.

Distribution: Gulf of Kutch, Okha, Dwarka, Porbandar, Diu, Bombay, Goa, Karwar, Alleppey,
Quilon, Kanyakumari, Tiruchendur, Tuticorin, Mandapam and Lakshadweep.

Chemical composition: It consists of 25,8% protein, 16.0% carbohydrate and 7.4% lipid.
Uses: It is used as soup, mixed sea vegetable salad, cooked with other vegetables and meat,
powdered green sea vegetable seasoning and in the preparation of jam.

English Name: Sea Lettuce
Tamil Name: Pattu Pasi
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ii) Chaetomorpha sp.

Division : Chlorophyta
Class
: Chlorophyceae
Order : Cladophorales
Family : Cladophoraceae

Description: Plants bright green to yellowish-green; composed of unbranched filaments;
plants twist together to form clumps or tangles; tangles remain quite rigid when removed
from water.

Habitat: It grows on rocks and stones or wound around other algae. This seaweed occurs in
most part of the year.

Distribution: Mandapam and Visakhapatnam
Chemical Composition: It contains 16.7% protein, 27.0% carbohydrate and 12.1% lipid.
Uses: It is eaten as salad or cooked with fish, meat etc.
Tamil Name: Nool Pasi
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iii) Caulerpa racemosa

Division
Class
Order
Family

: Chlorophyta
: Chlorophyceae
: Siphonales
: Caulerpaceae

Description: Plants green in colour and differentiated into rhizoids, horizontal stems and
erect foliar elements; colourless basal portion creeps over the sea bottom and gives rise to
green shoots that divide profusely around the axis; plastic- looking grapelike nodes borne on
branches; holdfast penetrates sandy bottom forming a compact cushion.

Habitat: It is found below the low tide mark, rooted in sandy, muddy bottoms or attached to
rocks or dead corals. This plant grows throughout the year.

Distribution: Okha, Dwarka, Bombay, Goa, Karwar, Vizhinjam, Mandapam and Lakshadweep.
Chemical composition: It contains 24.8% protein, 33.8% carbohydrate and 10.6% lipid.
Uses: It is eaten raw or as a salad or boiled with other foods.
English Name: Sea grapes
Tamil Name: Mookkuthi Pasi
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iv) Cladophora sp.

Division
Class
Order
Family

: Chlorophyta
: Chlorophyceae
: Cladophorales
: Cladophoraceae

Description: Plants filamentous and grow in tufts, mats or loose floating masses; 20-25 cm
or more in height; colour of the plants varies from bright green to yellowish green, greygreen or olive-green; the texture is stiff and somewhat coarse; the individual filaments are
repeatedly branched.

Habitat: It grows on rocks, stones, sea shells, coral pieces and mudflats in the intertidal and
subtidal regions and also in tide pools. Itis seen almost throughout the year.

Distribution: Gopnath, Gulf of Kutch, Okha, Bombay, Alleppey and Mandapam.
Chemical composition: It consists of 16.3% protein, 49.5% carbohydrate and 15.7% lipid.
Uses: It is eaten with shrimp and salt.
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v) Codium tomentosum

Division
Class
Order
Family

: Chlorophyta
: Chlorophyceae
: Siphonales
: Codiaceae

Description: Plants deep green in colour, spongy in texture and tubular in appearance;
usually 15 to 20 cm tall and occasionally growing to 25 cm; plants cylindrical and numerous
thin branches dividing in twos; they form large clusters and water-logged to the touch.

Habitat: It is found on sandy bottom in the subtidal area.
Distribution: Mandapam, Lakshadweep and Andaman-Nicobar.
Chemical Composition: It contains 5.1% protein, 29.3% carbohydrate and 7.2% lipid.
Uses: This seaweed is consumed as food in the form of salad or adding to soup and dried
plants are prepared as tea.
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BROWN SEAWEEDS

vi) Sargassum wightii

Division : Phaeophyta
Class
: Phaeophyceae
Order : Fucales
Family : Sargassaceae

Description: Plants dark-brown, 20-30 cm in height with a well marked holdfast; upper
portion richly branched; axes cylindrical, glabrous; leaves 5-8 cm long and 2-9 mm broad;
leaves tapering at the base and apex; mid rib inconspicuous; vesicles large, spherical or
ellipsoidal being 5-8 mm long and 3-4 mm broad; stipe of the vesicles 5-7 mm long, seldom
ending into a long tip; receptacles in clusters and repeatedly branched.

Habitat: It grows throughout the year on rocks in the littoral and sublittoral regions. This
algin yielding seaweed occurs in harvestable quantities.

Distribution: Bombay, Goa, Alleppey, Muttam, Kovalam, Idinthakarai, Tiruchendur, Tuticorin,
Mandapam, Madras and Andaman-Nicobar. Algin: The yield of algin from this species is
31.7%

Uses: It is used as raw material for the production of sodium alginate. It also contain 8 - 10%
of mannitol, which can be used as substitute for sugar.

Tamil Name: Kattaikkorai
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vii) Turbinaria ornata

Division : Phaeophyta
Class
: Phaeophyceae
Order : Fucales
Family : Sargassaceae

Description: Plants characteristically cone-shaped, yellowish-brown in colour and 20-25 cm
or more in height; basal portion formed of branched hapteron; plants generously branched;
axes of the plant 2-2.5 mm thick, cylindrical and glabrous leaves not closely arranged,
triangular or heart-shaped with a cylindrical stalk; leaves 1 cm long and 5-8 mm broad with
dentate margins.

Habitat: It grows on the coral reefs in the subtidal region throughout the year This species is
available in exploitable quantities.

Distribution: Manapad, Tuticorin, Mandapam, Lakshadweep and Andaman-Nicobar.
Algin: The yield of algin from this plant is 35.6%.
Uses: It is used as raw material for the production of sodium alginate. It yields 8 - 10% of
mannitol also.

Tamil Name: Pakkoda Pasi
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viii) Sarconema sp.

Division
Class
Order
Family

: Rhodophyta
: Rhodophyceae
: Gigartinales
: Solieriaceae

Description: Plants tufted, upto 15 cm high, 1-2 mm broad; repeatedly dichotomously
branched, forming dense broad intricate tufts; colour brick-red or yellowish-red, fleshy
consistency, plants breaking quickly when handled.

Habitat: It is seen on stones and shells near the low water mark. It grows almost throughout
the year but in very less quantity.

Distribution: Kanyakumari and Mandapam.
Iodine: It consists of 357 mg/100 g dry weed.
Uses: It can be used for production of agaroid. It can also be used for human consumption
as it controls goitre disease.
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ix) Hypnea valentiae

Division : Rhodophyta
Class
: Rhodophyceae
Order : Gigartinales
Family : Hypneaceae

Description: Plants are erect and laxly branched with distinct cylindrical main axis; the
ultimate branchlets are irregularly disposed around the axis; they are generally simple and
filiform but may be occasionally forked.

Habitat: It grows throughout the year on rocks, dead corals, stones and pebbles in the
intertidal and subtidal regions. It occurs in exploitable quantities.

Distribution: Bombay, Muttam, Kovalam, Idinthakarai, Manapad, Tuticorin, Mandapam and
Lakshadweep.

Carrageenan: The yield of carrageenan from this species is 39% with gel strength of 151
g/cm2.

Uses: It is a carrageenan yielding plant. This seaweed is also edible and the freshly gathered
seaweed is commonly prepared as salad.

Tamil Name: Sem Pasi.
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x) Hydroclathrus clathratus

Division
Class
Order
Family

: Phaeophyta
: Phaeophyceae
: Dictyosiphonales
: Punctariaceae

Description: Plants brownish in colour and forming circular expanse; unperforated when
young and reticulately perforated when mature; plants clathrate, spongy and net-like.

Habitat: It grows on the rocks and stones in the intertidal and subtidal regions. This plant
occurs seasonally between November and February/March.

Distribution: Dwarka, Tuticorin, Mandapam and Andaman-Nicobar.
Uses: It is eaten as salad.
Tamil Name: Idiappam Pasi.
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RED SEAWEEDS

xi) Gelidiella acerosa

Division : Rhodophyta
Class
: Rhodophyceae
Order
: Gelidiales
Family : Gelidiellaceae

Description : Plants brownish-red in colour and 1-6 cm tall; thallus composed of slender,
cylindrical stolens that give rise to erect and decumbent branches above and coarse, short
and simply branched rhizoids below; plants tufted, wiry, robust, cartilaginous, erect axes
sparsely branched, provided with short determinate branchlets.

Habitat: Commonly encountered on rocky intertidal areas; grow throughout the year and
available in exploitable quantities

Distribution: Okha, Dwarka, Porbandar, Diu, Veraval, Manapad, Tuticorin, Mandapam,
Lakshadweep and Andaman-Nicobar.

Agar: The maximum yield of agar from this seaweed is 50.8% with gel strength of 325 g/cm2
at 1.5% concentration.

Use: It is used as raw material for the manufacture of agar.
Tamil Name: Marikkolundu Pasi.
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xii) Gracilaria edulis

Division : Rhodophyta
Class
: Rhodophyceae
Order : Gigartinales
Family : Gracilariaceae

Description: Plants erect and grow upto 20 cm or more; brownish red or greenish;
alternately irregularly branched; branches hardly constricted.

Habitat: It grows abundantly on seagrass beds in shallow lagoons formed between the
shore and fringing coral reefs. It is also attached to small stones and shells on sandy and
muddy areas. This agarophyte occurs throughout the year in harvestable quantities.

Distribution: Tuticorin, Mandapam, Lakshadweep and Andaman-Nicobar.
Agar: The yield of agar from this plant is 45% and the gel strength of agar is 139 g/cm2.
Uses: It is used as raw material for the production of agar and also consumed in the form of
porridge by coastal people. It can also be used for preparing jelly, payasam, wafer and pickle.

Tamil Name: Kanji Pasi.
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xiii) Acanthophora spicifera

Division : Rhodophyta
Class
: Rhodophyceae
Order : Ceramiales
Family: Rhodomelaceae

Description: Plants bushy, erect and 15 to 20 cm tall; cartilaginous, reddish to greenish and
attached to solid substrates by small disc like holdfasts; determinate branches are spirally
arranged along the main axes; each determinate branch is beset with numerous simple or
compound spinose short lateral branchlets.

Habitat: It grows on rocks and stones in the intertidal and subtidal regions. This agarophyte
is seen throughout the year. It occurs in harvestable quantities.

Distribution: Okha, Bombay, Goa, Karwar, Kovalam, Idinthakarai, Manapad, Tiruchendur,
Tuticorin, Mandapam, Porto Novo, Vishakapattinam and Lakshadweep.

Agaroid: The yield of phycocolloid from this species is 12%.
Uses: This seaweed is eaten in the form of curry. It contains lambda carrageenan.
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xiv) Laurencia sp

Division : Rhodophyta
Class
: Rhodophyceae
Order : Ceramiales
Family : Rhodomelaceae

Description: Plants are brownish-red and composed of several erect branches which are
upto 12 cm long, 3.5 to 3.8 mm in diameter and arise from a common cylindrical stipe
attached to the substrate by a discoid holdfast; branches are cylindrical decreasing in
diameter from the primary to the tertiary branches; main axes and branches densely covered
by short wart-like branchlets.

Habitat: It grows on rocks and stones of intertidal and subtidal regions and also in tide
pools. This alga is seen almost throughout the year and occurs only in less quantities.

Distribution: Okha, Bombay, Manapad, Tiruchendur, Tuticorin, Mandapam, Lakshadweep
and Andaman-Nicobar.

Agaroid: The yield of agaroid from this seaweed is 19%.
Uses: This species is economically important as a source of food and agaroid.
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xv) Porphyra sp.

Division : Rhodophyta
Class
: Rhodophyceae
Order : Bangiales.
Family : Bangiaceae

Description: Plants 18 cm high and upto 11 cm broad through its broadest portion; thallus
reddish pink with smooth margin without any spinulose processes; attached to the
substratum by rhizines.

Habitat: It is found growing attached to rocks and shells at high tide level. This species
occurs seasonally during January to June/August.

Distribution: Karwar, Okha and Gulf of Kutch.
Chemical Composition: It contains about 16% protein.
Uses: It is used as snacks, salad or added to soups and various Oriental dishes.
English Name: Laver
Japanese Name: Nori
Seagrasses
During collection, seagrasses should be uprooted with care to keep the underground parts
intact and washed in the field itself to remove sediments and epiphytes without making any
damage to the plants. Then the specimens should be poisoned with 1% mercury chloride
solution and pressed and dried for preservation. The preserved materials could be pasted on
mounting boards. If the specimens are slender and fragile, then they should be spread neatly
on a mounting board submerged in a tray containing water and the board should be
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gradually lifted allowing the excess of water to drain. The board with the specimen should
then be kept in blotters for drying. After drying, rectified sprit saturated with mercuric
chloride can be brushed on the plants and allowed to dry.
Key to the Identification of Indian Seagrasses Based on Vegetative Characters.
1a. Leaves ligulate; male flowers without tepals; fruits indehiscent
Potamogetonaceae
2a. Leaves terete, fleshy, grooved along adaxial side for a short distance; nerves absent

Syringodium isoetifolium
2b. Leaves flat, not fleshy, without grooves; nerves present.
3a. Rhizomes usually moniliferous, with scales; nerves 3, lamina 0.25 ‐ 4 mm broad

Halodule
4a. Leaf tips obtuse, serrulate; lateral teeth poorly developed or absent

H. pinifolia
4b. Leaf tips not obtuse, not serrulate; lateral teeth well developed:
5a. Leaf tips tridentate; median tooth present; lamina 0.7 ‐ 5 mm wide

H. uninervis
5b. Leaf tips bidentate; median tooth absent; lamina 0.5 ‐ 1 mm wide

H. wrightii
3b. Rhizomes not moniliferous, without scales; nerves 7 ‐ 22; lamina 4 ‐10 mm broad

Cymodocea
6a. Leaf scars forming closed rings; sheaths persistent; lamina 3 ‐ 6 mm broad, rarely
serrulate at apex; nerves 9 ‐ 14

C. rotundata
6b. Leaf scars forming opened rings; sheaths not persistent; lamina 4 ‐ 10 mm broad,
serrulate at apex; nerves 12 ‐ 22

C. serrulata
1b. Leaves eligulate; male flowers with 3 to 6 tepals; fruits dehiscent (except Halophila)
Hydrocharitaceae
7a. Leaves differentiated into petioles and blades; lamina oblong, elliptic, linear, ovate,
obovate or spathulate without tannin cells

Halophila
8a. Leaves 6 ‐ 12 at each node; cross‐veins absent.

H. beccarii
8b. Leaves 2 at each node; cross‐veins present:
9a. Lamina hairy, margins serrulate:
10a. Plants dioecious; leaves linear ‐ oblong

H. stipulacea
10b. Plants monoecious; leaves oblong ‐ elliptic

H. decipiens
9b. Lamina glabrous, margins entire:
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11a. Seeds 6 ‐ 12:
H. ovalis subsp. ramamurthiana
11b. Seeds 20 or more:
12a. Lamina 20 ‐ 30 mm long; cross‐veins 13 ‐ 22 pairs:
H. ovalis subsp. ovalis
12b. Lamina 4 ‐ 15 mm long; cross‐veins 3 – 9(‐11) pairs:

H. ovate
7b. Leaves not differentiated into petioles and blades; lamina linear with tannin cells:
13a. Rhizomes 10 to 20 mm thick, without scales; roots stout; leaves ca 100 cm by 17 mm:

Enhalus acoroides
13b. Rhizomes 2 to 5 mm thick, with scales; roots thin; leaves ca 16 cm by 12 mm:

Thalassia hemprichii
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4. Ecological and economical importance
Seaweeds
A kelp forest can be seen as an extensive underwater solar city where the kelp forest
provides food and the "building" structure for many of its inhabitants. Because seaweed is a
primary producer and makes its food from the sun, many organisms feed on the kelp and
then in turn feed other animals. While kelp is food for many organisms, kelp also provides
shelter for many forms of sea life.
Many of the Indian seaweeds can be used as sources of food, animal and aquaculture feed,
nutraceutical, pharmaceutical and high value products. Seaweeds are traditionally consumed
in the orient as part of the daily diet. Currently, human consumption of green algae (5%),
brown algae (66.5%) and red algae (33%) is high in Asia, mainly Japan, China and Korea. The
different species consumed present a great nutritional value as source of protein,
carbohydrate, minerals and vitamins. The nutritive value of seaweed is found to be mainly in
its vitamin contents and minerals. Protein content of seaweeds has been reported to be high
and have all essential amino acids suitable for human consumption. Dried Phorphyra sp.
contains for each 100 g about half the necessary daily basic protein requirement for an adult.
Most of the edible seaweeds per 100 g of dry weight provide necessary daily requirement
vitamin – C and vitamin – D with regard to minerals; seaweeds have high potassium content
and all other essential trace elements. Many types of seaweed contain iodine which will help
combat thyroidism. The seaweeds can be used as a supplementary feed for prawn culture
practices. In agriculture and horticulture practices seaweeds are used as manure, liquid
fertilizer, growth promoter and crop protestant against pest and diseases. Seaweed
application would increase the trace elements content of the crop plant
Seagrass
The true importance of seagrass meadows to the coastal marine ecosystem is not fully
understood and generally under‐estimated. The rapidly expanding scientific knowledge on
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seagrasses has led to a growing awareness that seagrasses are valuable coastal resources.
Where seagrasses abound, humans benefit directly and indirectly from the presence of this
marine vegetation (Marten and Carlos, 2000). Even though, they contribute a smaller part to
taxonomy, these plants are important for structuring a number of ecosystems, stabilizing
coastlines, providing food and shelter for diverse marine organisms and act as a nursery
ground for many fishes of commercial importance.
1. A Seagrass meadow acts as nursery and foraging area for a number of commercially and
recreationally important fish and shellfish and other organisms.
2. Seagrasses improve water quality by acting as roughness elements that deflect currents
and dissipate the kinetic energy of the water and thereby creating a relatively quiet
environment favourable for sediment deposition and retention.
3. Some of the species form reef‐like structures close to the water surface that dissipate the
wave energy before it reaches the shoreline.
4. Seagrasses play an important role in carbon and nutrient cycling in the marine
environment. Seagrass meadows are also involved in nitrogen cycling through nitrogen
fixation.
5. Seeds of Enhalus acoroides are used as food by the coastal populations as the nutritional
value of the flour derived from the seeds is comparable to that of wheat and rice in terms of
carbohydrate and protein content and in energetic value and even it surpasses these types of
flour in calcium, iron and phosphorous content.
6. Seagrasses are also used as raw materials in paper industry and in the production of
fertilizer, fodder and feed. Most of the seagrasses are used extensively as soil fertilizer for
coconut and other plantations.
7. A variety of medicines and chemicals are also prepared from them. Agar like substance,
zosterin is extracted from Zostera sp.
5. Way of Presentation in EIA Report
Coastal zones extending from coastal plains across the continental shelves are characterized
by sharp gradients in environmental and ecological properties. This is the region of highest
biological diversity and productivity compared to any other part of the sea and is estimated
to contribute 25% of the global biological production and support most of the world's
fisheries. The living and non-living resources of the coastal ocean are often indiscriminately
exploited leading to ecological imbalances and environmental modifications. Marine
environmental changes are also driven, directly and indirectly, by other human activities such
as withdrawal of seawater for industrial (cooling and desalination raw material) and
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traditional (salt manufacture, aquaculture) uses as well as release of domestic and industrial
wastes in coastal areas. It is therefore not surprising that many of marine ecosystems
worldwide are now facing major environmental problems that threaten the sustainability of
the resources and services the oceans provide to human beings.
In the Indian context there is multi-fold increase in the pressures on the marine environment
due to reasons such as demographic trends of increasing population in the coastal zone and
establishment of industries as drivers of economic growth. Thus, the coastal zone of India
has witnessed setting-up of large urban settlements, ultra mega and mega-thermal coalbased power projects, oil refineries, metallurgical industries, and a variety of chemical
industries. In addition, there has been an impressive increase in shipping to transport solid
and liquid cargoes for which new ports and oil terminals including a series of Single Point
Moorings (SPMs) with associated pipelines have been set-up and many more are under
consideration. The shelf region is also witnessing accelerated efforts in oil and gas
prospecting under the National Exploration and Licensing Policy (NELP) and new discoveries
are occasionally reported. With the magnitude of diversified developments in the coastal
area of India appropriate management strategies for use of the coastal zones is needed both
locally and nationally.
Awareness of the quality of coastal ecosystems being negatively impacted by multiple
driving forces has accelerated efforts to assess, monitor and mitigate coastal stressors. The
Government of India (GoI) has responded to these problems by introducing a range of
management and conservation initiatives to address the declining trend in marine
environmental quality and habitat destruction to safeguard the future of the country's
marine resources.
Quantification of impacts, due to any activity in the coastal zone such as release of effluent,
withdrawal of large volumes of seawater, construction and operation of marine structures,
dredging etc., is necessary to suggest appropriate mitigation measures based on sound
reasoning.
Assessing and monitoring marine ecosystems are aimed at minimizing the degradation of
the coastal ecosystems. An essential component of an ecosystem regime is the inclusion of a
science-based strategy that monitors and assesses the changing state and health of the
ecosystem by tracking key environmental and biological parameters. One such programme is
the Coastal Ocean Monitoring and Prediction System (COMAPS) of the Ministry of Earth
Sciences (MoES) in which selected coastal locations are periodically monitored.
With the awareness of menace of coastal area degradation, directives of enforcement
agencies and public pressure the coastal municipalities are inclined to treat sewage and
release it through marine outfalls thereby conserving the creeks, bays and estuaries from the
impacts of sewage which is routinely discharged at present. Thus for instance, a considerable
fraction of sewage generated in Mumbai city is released, after grit removal, through marine
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outfalls into the Arabian Sea. This provides an opportunity to study the recovery of ecology
of Thane creek and bay which received large volumes of sewage till recently. Similarly, the
sewage released in the Thane and Versova creeks is treated in aerated lagoons prior to
release thereby reducing the pollution load in these water bodies. Similar steps need to be
taken by the other coastal states and UTs.
Environmental and Biochemical parameters
Environmental and biochemical parameters are the key determinants of overall aquatic
community health and viability. These are the components of water quality and include
temperature, salinity, oxygen content, turbidity, sedimentation rate, nutrient loading,
pollutants, bacteria and other particulate matter (IOC-UNEP-FAO, 1994, Indian Ocean
Commission - United Nations Environment Programme). However, water quality is an
important indicator to measure because it is necessary for the maintenance of respectable
levels of coastal waters. Human activities which negatively influence water quality include
point and non-point discharge of human and other solid and liquid wastes, dumping of trash
and refuse into the sea, oil and toxic spills within coastal waters, water run-off from urban
areas, upland erosion of sediment transport and deposition on a downstream coastal
environment, fertilizer presence from agriculture run-off and bilge water discharge (Pomeroy
et al. 2004). Changes in environmental and biological parameters in coastal and marine
ecosystems have an influence on organisms and plants living there. Changes in temperature
have been found to influence the metabolism and can alter ecological processes such as
productivity and species interactions (Kennedy et al. 2002). Species are adapted to specific
ranges of temperature and salinity and are therefore sensitive to just a few degrees higher or
lower than those they usually experience. Marine organisms and plants like coral reefs and
sea grasses are sensitive to changes in the environmental parameters around them. The
majority of marine species have optimal physical environmental parameter ranges e.g.
temperature ranges for respiration and growth for animals and plant photosynthesis for
primary producers (Hansen 2003). Therefore, monitoring of such environmental parameters
is important especially in the breeding and spawning areas where there is a high diversity of
plants and animals.
River discharges into the estuaries and coastal waters usually contribute loads of sediments,
nutrients and pollutants to the inshore waters (IOC-UNEP-FAO,1994). Increased loads of
sediments, nutrients and other pollutants flowing into coastal waters and oceans can reduce
the water clarity and block light for underwater plants and organisms like coral reefs, sea
grasses, algae and other organisms, hence inhibiting photosynthesis and growth of plants
and organisms on the sea bottom. Increased sediment loading to marine habitats may cause
stress to the system as individuals, such as corals, will need to use extra energy to clear the
sediments (Hansen 2003). However, nutrients encourage the growth of algae and plankton,
leading to blooms, which are sometimes harmful to the fishery and humans as well. The
massive blooms of plankton can cause deoxygenated water when the plants die and
accumulate on the bottom. Fresh water runoff can also carry pollutants from the agriculture
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and wastewater, which may affect the organisms and coastal habitats (IOC-UNEP-FAO, 1994).
Pollutants from agriculture and industry can kill marine habitats and associated organisms in
the coastal zones when released in high quantities. Fresh water runoff has also been found
to influence other environmental parameters like temperature and salinity. It lowers the
salinity and thus causes increased stratification, which may affect the primary production.
Nyandwi and Dubi (2001) found a significant decrease in salinity and temperature of inshore
waters due to fresh water runoff during the 1998 El-Nino rains on the East African coast.
Such environmental changes could have negative effects on the biodiversity of the coastal
zone if they persist for a long time. Changes in rainfall regimes, which are now experienced
by Tanzania as well as many tropical countries, may have a significant impact on the coastal
and marine environment especially the recovery of coral reefs, sea grass beds and benthic
communities, which are taking place along the coastal waters. Prolonged rain seasons have
been found to increase the volume and strength of the Ruvuma River and all its tributaries,
which in turn increases erosion and washing of sediments into the sea (Francis at al. 2000).

Relevant data to be monitored include current movement, speed and direction. The currents
and winds are important for the dispersal of eggs and larvae of different marine organisms
and plants. The waters around MBREMP are brought across the Indian Ocean, a long way by
the SEC carrying eggs and juvenile stages of thousands of marine animals and plants that
were produced among the mangroves, sea grass beds, rocky shores and coral reefs of
Indonesia and Australia (Obura 2004).
Monitoring of bacterial contamination is important in the MPAs waters especially MBREMP.
However, this will also reduce the risk of infection in the recreational waters by controlling
the source of pollution and communicate the results for scientific advances. Fresh water
runoff from upstream can contribute to the water quality by bringing polluted waters with
pathogens to the coastal waters. Monitoring and measurements of these parameters
requires trained staff and knowledge of physical oceanography and a good understanding of
the currents, tides and water dynamics of the local coastal areas. In addition, advanced and
specialized equipment is required to be able to monitor variables like heavy metals and toxic
compounds such as pesticides, PCBs (Polychlorinated biphenyl) hydrocarbons etc.
Storage and presentation of monitored information and data
Data collection, storage, treatment and retrieval system is a prerequisite for efficient
monitoring programme. How the data and information are managed, communicated,
archived and made available largely determines a programme's efficacy (Davis 2005). Each
MPA where monitoring is operational should install a database where data and information
will be stored. Microsoft Access is a simple database software that gives access to all types of
data and is more than just a tool to manage the data. It enables the use of more than one
database table at a time to reduce the complexity of the data and make it easier to
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manipulate the information and data stored. However, RDBMS with GIS and various other
softwares and tools can be used to store, retrieve, analyse and project various scenarios.
Presentation of information and data:
Graphical data and animations are more useful for decision making and other resource users
including fishermen and communities around the parks. Monitored data and information
from MPAs (Marine Protected Areas) are for communication to different stakeholders
ranging from resource users e.g. fishermen, decision-makers, government authorities,
scientists as well as international communities. Hence, it is very important to develop logical
presentation according to the targeted group. However, for scientific and international
community's computer knowledge and use of software have made the presentation easier
and simpler.
6. Various marine activities having impact on seaweeds & seagrasses (particularly ports
and harbour)
There are numerous impacts on seaweeds and seagrasses due to marine activities.
•

Harbour construction and development can damage seagrass and seaweeds beds by
both smothering the seagrass and blocking sunlight due to turbidity. Similarly,
dredging can both directly remove seagrass plants and cause lower light levels
because of increased amounts of sediments in the water.

•

Boat anchors and propellers can leave "scars" in a seagrass bed—killing sections of
the seagrass and fragmenting the habitat. This fragmentation of seagrass beds can
increase erosion around the edges, as well as influence animal use and movement
within the seagrass bed.

•

Algal bloom can also damage the seagrass and seaweeds by blocking sunlight.

•

Potential adverse effects of port development embrace a wide range of
environmental issues like water pollution, contamination of bottom sediment, loss of
bottom biota, damage to fisheries, beach erosion, current pattern changes, waste
discharges, waterfront drainage, hazardous materials, oil leakage and spillage.

7. Impact Assessment
The most important environmental effects related to ports may be summarized as:
•

Effects on sensitive near-shore ecosystems (ex: shallow water fish breeding areas).

•

Influence from dredging and earthworks on currents and circulation.

•

Influence on water runoff and ground water.

•

Reduction of wetlands as nitrogen traps.
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•

Soil contamination.

•

Release of pollutants deposited in sediments.

•

Emissions to air from port and transport activities.

•

Emissions to water from port and transport activities.

•

Accidental spills from cargo, of bunker oil and other fluids from ships.

A more comprehensive summary of the environmental impact of port activities can be found
in Trozzi and Vaccaro (2000).
8. Mitigation Measures to protect Seaweeds & Seagrass
•

Don't disturb seaweed & seagrass beds in Harbour and Port region

•

Culture of Seaweeds and Seagrass nearby Harbour or Port region

•

Monitoring all physico-Chemical and Biological parameters

•

Analyse the population density of seaweed and seagrasses (growth parameters,
biomass & pollution studies)

•

Seaweeds & Seagrasses correlated with any pollution parameters (heavy metals, trace
elements, pesticides & invasive species)

Simple variables to measure like salinity, temperature and water turbidity should be included
in the current monitoring programmes. The use of maps and questionnaires will help in
locating and determining the sampling stations. Available facilities and resources in
individual MPAs will limit the frequency of sampling. Depending on the variable to be
measured daily, weekly, monthly, semi-annual and/or annual intervals are recommended to
ensure sustainability and good representation of the individual variables. Physico-chemical
and biological parameters, such as seawater temperature, dissolved oxygen, salinity and pH
levels, nutrient concentrations (nitrogen and phosphorus), light intensity/water transparency,
water turbidity/ sedimentation rate, ocean currents, fresh water runoff, rivers and streams
flow rates. chlorophyll-a content, phytoplankton, zooplankton, primary productivity, fecal
coliform, etc., need to be monitored. Instruments and equipments like CTD, thermometer,
refractometer, light meter, secchi disc, sediment traps, current meter, flow meter, tide gauge
and various other sophisticated, scientific instruments could be used for measuring the
parameters of interest.
9. Environmental Management Plan
In an attempt to establish a harmonious coexistence between coastal development and the
ecological integrity of seaweed and seagrass communities for future generations, vigorous
efforts are called for to create the environmental conditions suitable for seaweed and
seagrass growth. Technologies to build coastal structures to support such environmental
coexistence with coastal ecosystems has been among the most actively studied areas in
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recent years, whilst continued research and accumulation of knowledge and understanding
are further anticipated in the years to come.
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ENVIRONMENTAL IMPACT ASSESSMENT AND ENVIRONMENT MANAGEMENT PLAN
Dr. Sukumar Devotta
Former Director, National Environmental Engineering Research Institute, Nagpur
1. SUSTAINABLE DEVELOPMENT
Sustainable Development (SD) goes further than just concern for the environment. SD aims to
improve human conditions, but seeks to achieve it in an environmentally sustainable way.
According to the “Brundtland Commission” report, SD is: Development that meets the needs
of the present without compromising the ability of future generations to meet their own needs.
SD contains within it two key concepts:
•

The concept of ‘needs’, in particular the essential needs of the world’s poor, to which
overriding priority should be given;

•

The idea of limitations imposed by the state of technology and social organization on
the environment’s ability to meet present and future needs.

Sustainable Development (SD) is built on three basic premises i.e., economic growth,
ecological balance and social progress. Economic growth that does not consider the
environmental concerns, will not sustain in the long run. Therefore, SD needs careful
integration of environmental, economic, and social needs in order to achieve both an
increased standard of living in short term, and a net gain or equilibrium among human, natural,
and economic resources to support future generations in the long term.
•

It is necessary to understand the links between environment and development in order
to make choices for development that will be economically efficient, socially equitable
and responsible, as well as environmentally sound.

•

For developed countries - SD may mean steady reductions in wasteful level of
consumption of energy and other natural resources through improvements in
efficiency and through changes in lifestyle.

•

For developing countries - SD would mean the commitment of resources towards
continued improvement in living standards.

•

The Supreme Court of India, in the Narmada Case, observed, “Sustainable
Development means what type of development can take place, which can be sustained
by nature/ecology with or without mitigation.”
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2. Environmental Challenges
•

Global Change

•

Air Quality

•

Water & Water Quality

•

Wastewater Management

•

Solid Waste Management

•

Limitations of Pollution Controls

•

Alternative Developmental Strategies

•

Cost of mitigations

3. EIA in India
In India, Environment Clearance (EC) was first introduced in 1978-79, initially for River
Valley projects.
The Ministry of Environment, Forest and Climate Change has notified the
Environmental Impact Assessment (EIA) Notification, 2006 under the provisions of the
Environment (Protection) Act, 1986, which regulates development and their
expansion/modernization of 39 sectors/activities listed in the Schedule to the EIA
Notification, 2006.
Environmental Clearance (EC) is mandatory for setting up new projects or for
expansion or modernisation of any activity listed in Schedule 1 of the Notification.
EC is granted by MoEFCC. This power has been delegated to the State governments in
certain category of projects and sizes.
There are two categories of the projects viz. Category 'A' projects are handled at the
level of MoEFCC and Category 'B' projects are handled by the respective State
Environment Impact Assessment Authority (SEIAA) following the procedure prescribed
under the EIA Notification, 2006.
As per the EIA notification, 2006, "Any project or activity specified in Category 'B' is
treated as Category 'A', if located in whole or in part within 5 km from the boundary
of: (i) Protected Areas notified under the Wild Life (Protection) Act, 1972, (ii) Critically
Polluted areas as notified by the Central Pollution Control Board from time to time, (iii)
Notified Eco-sensitive areas, (iv) inter-State boundaries and international boundaries".
EIA has to consider all the Environmental Laws and Rules & Regulations. It is an
imperative requirement to understand the basic concepts of pollution control and
environmental impact assessment in a holistic objective of the sustainable
development.
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EC Process

4. Environmental Impact Assessment (EIA)
UNEP defines Environmental Impact Assessment (EIA) as a tool used to identify the
environmental, social and economic impacts of a project prior to decision-making. It aims to
predict environmental impacts at an early stage in project planning and design, find ways and
means to reduce adverse impacts, shape projects to suit the local environment and present
the predictions and options to decision-makers.
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International Association of Impact Assessment (IAIA) states that EIA is a process of identifying,
predicting, evaluating and mitigating the biophysical, social, and other relevant effects of
development proposals prior to major decisions being taken and commitments made.
EIA consists in establishing quantitative values for selected parameters which indicate the
quality of the environment before, during, and after the action (Heer & Hagerty, 1977). The
primary purpose of EIA is to encourage environment protection during planning and decisionmaking stage itself and finally to arrive at actions that are more environmentally compatible.
EIA is a valuable interdisciplinary objective decision- making tool with respect to alternative
routes for development, process technologies & project sites. It presents a clear and concise
picture of benefits & costs associated with alternative courses of action, and it provides a
mechanism for merging the concerns for environment and economics in the process of
decision-making. It is an ideal anticipatory mechanism that establishes quantitative values for
parameters indicating the quality of environment Before, During and After the proposed
developmental activity. EIA is an assessment of all relevant environmental and resulting social
effects which would result from a project (Battelle, 1978).
EIA is an activity designed to identify and predict the impact on the bio-geo-physical
environment and on man's health and wellbeing of legislative proposals, policies, programs,
projects and operational procedures, and to interpret and communicate information about
impacts (Munn,1979). EIA is the systematic examination of environmental consequences of
projects, policies, plans and programs. Its main aim is to provide decision-makers with an
account of implications of alternative courses of action before a decision is made (Clark, 1984).
"Environment" in EIA context mainly focuses, but is not limited to physical, chemical, biological,
geological, social, economical, and aesthetic dimensions along with their complex interactions,
which affects individuals, communities and ultimately determines their forms, character,
relationship, and survival. In EIA context, 'effect' and 'impact' can often be used
interchangeably. However, 'impact' is considered as a value judgment of the significance of an
effect.
EIA - Three Core Values
Integrity: The EIA process should be fair, objective, unbiased and balanced
Utility: The EIA process should provide balanced, credible information for decision making
Sustainability: The EIA process should safeguard environmental sustainable development.
Currently in India, only QCI accredited consultants are eligible to carry out EIA for regulatory
purposes
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Objectives of EIA
•

To ensure that the environmental considerations are explicitly addressed and
incorporated into the development and decision-making process;

•

To anticipate and avoid, minimize or offset the adverse significant biophysical, social
and other relevant effects of development proposals;

•

To protect the productivity and capacity of natural systems and the ecological
processes which maintain their function;

•

To promote development that is sustainable and optimizes resource use as well as
management opportunities.

Advantages of EIA
Project-level EIA is relatively simple and reaches to meaningful conclusions. It refers to the
developmental activity in isolation and the impacts that it exerts on the receiving environment.
By integrating the environmental impacts of the development activities and their mitigation in
early stages of project planning, the benefits of EIA could be realized in all the stages of a
project, from exploration, planning, through construction, operations, decommissioning, and
beyond site closure.
A properly-conducted-EIA also lessens conflicts by promoting community participation,
informing decision-makers, and also helps in laying the base for environmentally sound
projects.
Ideal EIA coverages
Purposive- should inform decision-makers and result in appropriate levels of environmental
protection and community well-being.
Rigorous- should apply 'best practicable' science, employing methodologies and techniques
appropriate to address the problems being investigated.
Practical- should result in providing information and acceptable and implementable solutions
for problems faced by the proponents.
Relevant- should provide sufficient, reliable and usable information for development planning
and decision-making.
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Cost-effective- should impose minimum cost burdens in terms of time and finance on
proponents and participants consistent with meeting accepted requirements and objectives
of EIA.
Efficient- should achieve the objectives of EIA within the limits of available information, time,
resources and methodology.
Focused- should concentrate on significant environmental effects and key issues; i.e., the
matters that need to be considered while making decisions.
Adaptive- should be adjusted to the realities, issues and circumstances of the proposals under
review without compromising the integrity of the process, and be iterative, incorporating
lessons learnt throughout the project life cycle.
Participative- should provide appropriate opportunities to inform and involve the interested
and affected public, and their inputs and concerns should be addressed explicitly in the
documentation and decision-making.
Inter-disciplinary- should ensure that appropriate techniques and experts in relevant biophysical and socio-economic disciplines are employed, including the use of traditional
knowledge as relevant.
Credible- should be carried out with professionalism, rigor, fairness, objectivity, impartiality
and balance, and be subject to independent checks and verification.
Integrated- should address the inter-relationships of social, economic and biophysical
aspects.
Transparent- should have clear, easily understood requirements for EIA content; ensure public
access to information; identify the factors that are to be taken into account in decision-making;
and acknowledge limitations and difficulties.
Systematic- should result in full consideration of all relevant information on the affected
environment, of proposed alternatives and their impacts, and of the measures necessary to
monitor and investigate residual effects.
EIA Methodology
1) Project setting
2) Assessment of baseline environment status
3) Evaluation of pollution control and environmental management practices (only for
expansion/ modernization projects)
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4) Identification of potential impacts (project specific & site specific)
5) Prediction of impacts
6) Environmental impact statement
7) EMP including post-project environmental monitoring (PPEM)
Data requirements
•

EIA studies need a significant amount of primary and secondary environmental data.

•

Primary data are those collected in the field to define the status of the environment
(like air quality data, water quality data etc.).

•

Secondary data are those collected over the years that can be used to understand the
existing environmental scenario of the study area.

•

For better understanding of the environmental trends, the primary data must be
considered along with the secondary data.

•

The secondary data could be as high as 80% of the total data requirement.

•

Physical resources, Biological resources, Economic development resources, Quality of
life, other existing and planned projects

•

Physical characteristics, land-use requirements during construction and operation,
materials and fuel used

•

Estimate of expected residues and emissions (water, air, soil pollution, noise, vibrations,
light, heat, radiation, etc.)

MOEFCC EIA Questionnaire
MOEFCC has issued sector specific questionnaire for baseline environmental quality, likely
land-use changes, likely increase in pollution load, resettlement and rehabilitation issues,
labour camp management, environmental management set-up etc. The filled questionnaire
needs to be submitted along with EIA application.
As per these questionnaire, for every project, possible alternatives need to be identified and
environmental attributes compared. Alternatives should cover both project location and
process technologies. Alternatives should consider ‘no project’ option also. Alternatives need
to be ranked for selection of the best environmental option for optimum economic benefits
to the community at large.
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Once alternatives have been reviewed, a mitigation plan needs to be drawn up for the selected
option and is supplemented with an Environmental Management Plan (EMP) to guide the
proponent towards environmental improvements. The EMP is a crucial input to monitoring the
clearance conditions and therefore details of monitoring need to be included in the EMP.
Terms of Reference for EIA
The Terms of Reference is prescribed for Project seeking Environmental Clearance (EC) under
the provision of the Environment Impact Assessment Notification, 2006 (except for project
under item No. 8-a). TOR was issued after approval of the MoEFCC or SEIAA based on the
recommendation of the Expert Appraisal Committee (EAC)/ State Expert Appraisal Committee
(SEAC). There has been persistent demand from Project Proponents (PPs) that the TOR for all
the sectors requiring EC should be standardized, as prescribing TOR for every individual case
was time consuming and sometimes arbitrary.
Standardization of TOR
The standardization of TOR is a major step forward in rationalizing the process of EC. The main
objective of Standard TOR is to guide the Project Proponent on the preparation of EIA/ EMP
Report and expediting the process of EC without compromising environmental norms and the
rigour of EIA. The standard TOR has been developed with inputs from experts and
recommendations by the EACs. It enables the Project Proponent to commence the EIA study
after online registration. The EAC/SEAC will have the right and responsibility of stipulating
additional issues for TOR in specific projects considering its project features within 30 days of
the online registration of the proposals. All the proposals have to be placed by the Member
Secretary before the committee in the first meeting immediately after registration. This
procedure will reduce delays, remove arbitrariness and make the system transparent.
Standard TOR for EIA for Ports & Harbours
•

Reasons for selecting the site with details of alternate sites examined/ rejected/
selected on merit with comparative statement and reason/basis for selection. The
examination should justify site suitability in terms of environmental angle, resources
sustainability associated with selected site as compared to rejected sites. The analysis
should include parameters considered along with weightage criteria for short-listing
selected site.

•

Details of the land use break-up for the proposed project. Details of land use around
10 km radius of the project site. Examine and submit detail of land use around 10 km
radius of the project site and map of the project area and 10 km area from boundary
of the proposed/existing project area, delineating project areas notified under the wild
life (Protection) Act, 1972/critically polluted areas as identified by the CPCB from time
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to time/notified eco-sensitive areas/interstate boundaries and international
boundaries. Analysis should be made based on latest satellite imagery for land use with
raw images.
•

Present land use and permission required for any conversion such as forest, agriculture
etc. land acquisition status, rehabilitation of communities/ villages and present status
of such activities.

•

Examine and submit the water bodies including the seasonal ones within the corridor
of impacts along with their status, volumetric capacity, quality likely impacts on them
due to the project.

•

Contour plan with slopes, drainage pattern of the site and surrounding area.

•

Details of terrain, level with respect to MSL, filling required, source of filling materials
and transportation details etc.

•

Examine road/rail connectivity to the project site and impact on the existing traffic
network due to the proposed project/activities. A detailed traffic and transportation
study should be made for existing and projected passenger and cargo traffic.

•

Details regarding R&R involved in the project.

•

Layout superimposed on the HTL/LTL map demarcated by an authorized agency on
1:4000 scale along with the recommendation of the SCZMA.

•

Status of shore line change at the project site

•

Layout plan including details of channel, breakwaters, dredging, disposal and
reclamation.

•

Handling of each cargo, storage, transport along with spillage control, dust preventive
measures. In case of coal, mineral cargo, details of storage and closed conveyance, dust
suppression and prevention filters.

•

Details of fishing activity and likely impacts on the fishing activity due to the project.

•

Specific study on effects of construction activity and pile driving on marine life.

•

Details of oil spill contingency plan.
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•

Details of bathymetry study.

•

Details of ship tranquillity study.

•

Details of water requirement, impact on competitive user, treatment details, use of
treated waste water. Prepare a water balance chart.

•

Details of rainwater harvesting and utilization of rain water.

•

Details of Solid waste generation treatment and its disposal.

•

Details of desalination plant and the study for outfall and intake.

•

Baseline environmental quality along with projected incremental load due to the
proposed project/activities.

•

Air quality monitoring should be carried out according to the notification issued on
16th November, 2009.

•

Layout superimposed on the HTL/LTL map demarcated by an authorized agency on
1:4000 scale along with the recommendation of the SCZMA.

•

Status of shore line change at the project site

•

Layout plan including details of channel, breakwaters, dredging, disposal and
reclamation.

•

Handling of each cargo, storage, transport along with spillage control, dust preventive
measures. In case of coal, mineral cargo, details of storage and closed conveyance, dust
suppression and prevention filters.

•

Details of fishing activity and likely impacts on the fishing activity due to the project.

•

Specific study on effects of construction activity and pile driving on marine life.

•

Details of oil spill contingency plan.

•

Details of bathymetry study.

•

Details of ship tranquillity study.
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•

Details of water requirement, impact on competitive user, treatment details, use of
treated waste water. Prepare a water balance chart.

•

Details of rainwater harvesting and utilization of rain water.

•

Details of Solid waste generation treatment and its disposal.

•

Details of desalination plant and the study for outfall and intake.

•

Baseline environmental quality along with projected incremental load due to the
proposed project/activities.

•

Air quality monitoring should be carried out according to the notification issued on
16th November, 2009.

•

Details for construction and operation phases both for Environmental Management
Plan and Environmental Monitoring Plan with cost and parameters.

•

Details of a comprehensive Risk Assessment and Disaster Management Plan including
emergency evacuation during natural and man-made disasters

•

Details of the trees to be cut including their species and whether it also involves any
protected or endangered species. Measures taken to reduce the number of the trees
to be removed should be explained in detail. Submit the details of compensatory
plantation. Explore the possibilities of relocating the existing trees.

•

Details of afforestation measures indicating land and financial outlay. Landscape plan,
green belts and open spaces may be described. A thick green belt should be planned
all around the nearest settlement to mitigate noise and vibrations. The identification
of species/ plants should be made based on the botanical studies.

•

Public Hearing should be conducted for the project in accordance with provisions of
Environmental Impact Assessment Notification, 2006 and the issues raised by the
public should be addressed in the Environmental Management Plan. The Public
Hearing should be conducted based on the ToR letter issued by the Ministry and not
on the basis of Minutes of the Meeting available on the web-site.

•

Detailed draft EIA/EMP report should be prepared in accordance with the above
additional TOR and should be submitted to the Ministry in accordance with the
Notification.
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•

Details of litigation pending against the project, if any, with direction /order passed by
any Court of Law against the Project should be given.

•

Cost of the Project (capital cost and recurring cost) as well as the cost towards
implementation of EMP should be clearly spelt out.

•

Any further clarification on carrying out the above studies including anticipated
impacts due to the project and mitigative measure, project proponent can refer to the
model ToR available on Ministry website "http://moef.nic.in/Manual/Port and
harbour".

EIA process steps
i.
ii.
iii.
iv.

v.
vi.
vii.
viii.

Screening: Determines whether a particular project requires preparation of an EIA or
not.
Scoping: A stage that identifies the key environmental issues that should be addressed
in an EIA.
Impact Analysis: The type, extent, duration, timing, severity and significance of the
impact is analyzed.
Impact Mitigation: Ensuring that residual impacts are within acceptable levels and to
enhance environmental and social benefits by implementation measures designed to
reduce the undesirable effects on the environment.
Reporting: EIA Report is prepared and submitted to the authority
Review: EIA Report is studied thoroughly corrections are made. Public participation
may be the important part of this step.
Decision Making: Deciding whether the project is acceptable or not. The terms and
conditions are finalized in this step.
Monitoring: Ensuring the implementation of consent conditions in EC, verification that
impacts are as predicted or permitted, confirming the mitigation measures are working
as expected, and taking action to manage any unforeseen changes.

Environmental Impacts
Environmental impact is any alteration of environmental conditions or creation of new set of
conditions, adverse or beneficial, caused or induced by the action or set of actions under
consideration.
Environmental impacts resulting from proposed actions can be grouped into following
categories: Beneficial or detrimental, Naturally, reversible or irreversible, Repairable via
management practices or irreparable, Short-term or long-term, Temporary or continuous,
Occurring, during construction phase or operational phase, Local, regional, national or global,
Accidental or planned (recognized before-hand), Direct (primary) or Indirect (secondary),
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Cumulative or single. Because of higher levels of uncertainties, these impacts cannot normally
be assessed over a long time horizon.
Environmental consequences
•

Can the local environment cope with the additional waste and pollution it will produce?

•

Will its proposed location conflict with nearby land uses, or precludes later
developments in the surrounding area?

•

How will it affect local flora and fauna e.g. Biodiversity, forests, wildlife, farms and so
on.

•

Is there sufficient infrastructure, such as roads and sewers, to support it?

•

How much water, energy and other resources will it consume, and are these in
adequate supply?

•

What human resource will it require or replace, and what social effects may this have
on the community?

•

Can it operate safely, without serious risk of dangerous accidents or long-term health
effects?

•

What damage may it advertently cause to national assets such as virgin forest, tourism
areas, or historical and cultural sites?

Significance of impacts
•

Significance may increase if the threshold is exceeded, e.g., emission of particulate
matter exceeds the permissible threshold.

•

Effectiveness of mitigation: Significance may increase as the effectiveness of mitigation
measures decreases. e.g., control technologies, which may not assure consistent
compliance to the requirements.

•

Size of study area: Significance may increase as the zone of effects increases.

•

Incremental Contribution of Effects from Action under Review: Significance may
increase as the relative contribution of an action increases.

•

Relative contribution of effects of other actions: Significance may decrease as the
significance of nearby larger actions increase.

•

Relative rarity of species: Significance may increase as species becomes increasingly
rare or threatened.

•

Significance of Local Effects: Significance may increase as the significance of local
effects is high.

•

Magnitude of change relative to natural background variability: Significance may
decrease if effects are within natural assimilative capacity or variability.

•

Creation of induced actions: Significance may increase activities also highly significant.

•

Degree of existing disturbance: Significance may increase if the surrounding
environment is pristine.
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MOEFCC guidelines for impacts
Air: changes in ambient levels and ground level concentrations due to total emissions from
point, line and area sources, effects on soils, materials, vegetation, and human health.
Noise: changes in ambient levels due to noise generated from equipment and movement of
vehicles and its effect on fauna and human health.
Water: availability to competing users, changes in quality, sediment transport, ingress of saline
water.
Land: changes in land use and drainage pattern, changes in land quality including effects of
waste disposal, changes in shoreline/riverbank and their stability.
Biological: deforestation/tree-cutting and shrinkage of animal habitat. impact on fauna and
flora (including aquatic species if any) due to contaminants/pollutants, impact on rare and
endangered species, endemic species, and migratory path/route of animals. Impact on
breeding and nesting grounds.
Socio-Economic: impact on the local community including demographic changes. Impacts on
economic status. Impacts on human health.
EIA - Prediction & Evaluation
Prediction of environmental impacts requires the greatest degree of scientific application. It
involves projecting the baseline environmental setting into the future, with & without the
project, and performing necessary calculations for predicting potential impacts of the
proposed development.
Evaluation step calls for conversion of predicted values for various environmental parameters
to a comparable set of units using some system of normalization. Ideally, the environmental
impacts should be expressed in monetary units for easy and objective comparison with other
costs and benefits of the project. In practice, assigning monetary values to intangible
parameters is quite difficult. Therefore, various methods involving numerical rating & ranking
and scaling of environmental impacts are used.
EIA & Project Cycle
Consider environmental factors on an equal basis with technical and economic factors
throughout the project planning, assessment and implementation phases.
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Environmental consideration should be introduced at the earliest in the project cycle and must
be an integral part of the project pre-feasibility and feasibility stage. If the environmental
considerations are given due respect in site selection process by the project proponent, the
subsequent stages of the environmental clearance process would get simplified and would
also facilitate easy compliance to the mitigation measures throughout the project life cycle. A
project's feasibility study should include a detailed assessment of significant impacts and the
EIA include a detailed prediction and quantification of impacts and delineation of
Environmental Management Plan (EMP). Findings of the EIA study should preferably be
incorporated in the project design stage so that the project is studied, the site alternatives are
considered and necessary changes, if required, are incorporated in the project design stage.
This practice will also help the management in assessing the negative impacts and in designing
cost-effective remedial measures. In general, EIA enhances the project quality and improves
the project planning process. Delineation of pragmatic EMP to mitigate adverse impacts on
individual components of environment (air, noise, water, land, biology, socio-economics) from
proposed project with due consideration of proposed pollution control measures.
Rehabilitation and Resettlement plan for Project Affected People (Mainly for grassroots /
Greenfield projects). Recommendation of Post-project Environmental Monitoring (PPEM) to
ensure effectiveness of EMP suggested. Measures to mitigate occupational health impacts.
5. MOEFCC guidelines for EMP
Preparation of Environmental Management Plan is required for formulation, implementation
and monitoring of environmental protection measures during and after commissioning of
projects. Environmental Management Plan (EMP) should indicate the details as to how various
measures have been or are proposed to be taken including cost components as may be
required. Cost of measures for environmental safeguards should be treated as an integral
component of the project cost and environmental aspects should be taken into account at
various stages of the projects:
•

Conceptualization: preliminary environmental assessment

•

Planning: detailed studies of environmental impacts and design of safeguards

•

Execution: implementation of environmental safety measures

•

Operation: monitoring of effectiveness of built-in safeguards

Health & Safety Issues
Types of accidents likely to happen during construction, operation and waste disposal phases
of a new or expansion project. Health effects (including occupational disease or poisoning)
possible during construction and operational phases shall be addressed and mitigated.
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In case of existing and expanding unit, figures of accidents and occupational diseases during
the last five years should be reported. Hazardous properties of the raw materials,
intermediates, products and by-products should be mentioned along with their maximum
quantity and number and type of storage containers at site. Minimise the inventory of any
hazardous material in the premises (Small storage tanks are preferable than big size tanks).
List of hazardous processes and hazards possible due to them. Areas of poor illumination, poor
ventilation, confined spaces, working at height, gas cylinders storage, tank farm, switch yard,
dangerous machines and gas pipe lines should be indicated. Areas of fire, explosion or toxic
release possibilities shall be clearly mentioned.
Mitigation measures to be planned at design stage should include applicable statutory
requirements such as:
•

Fire fighting arrangement including water reservoir, tanks, pumps, hydrants, fire
tenders, fire detectors and alarms, fire extinguishing system, fire exits, trained staff,
alternative power (e.g. DG set) etc.

•

Toxic and flammable gas leak detection, alarm and control system.

•

Railing, guarding, earthing, heat insulation, noise control, safety fittings & devices,
interlocking, trips and alarms, PLC/ DCS Control, local exhaust ventilation, purging,
blanketing, showering and similar protection systems for machines, vessels and
process safety. Two stage condenser or scrubber and vent cooling to reduce air
pollution. HAZOP study before operation is useful.

•

Provisions to be made at operational phase viz safety policy, safety committee, safety
manual, on-site emergency plan, safety training, safety audit, risk assessment, medical
examinations of the workers etc.

Alternatives, Delineation of Mitigation Measures
The EIA report should specifically focus the alternatives considered with respect to following
aspects:
•

The alternatives analysis is an important tool for the best selection of the project,
technologies and the location of the project to meet with the objectives with less
impacts.

•

Alternative sites considered for the selected project option with due justifications of
selecting the site in question.
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•

Alternative processes (such as manufacturing process, operation, construction
technology, etc.) considered while selecting the particular one for the project with
justification of selection.

•

Once alternatives has been reviewed, a mitigation plan should be drawn up and is
supplemented with an Environmental Management Plan to guide the proponent
towards “Environmental Improvement”.

•

Alternative mitigation measures considered before selecting the proposed mitigation
measures.

•

An EIA report should provide clear information to the decision maker on the different
environmental scenarios without the project, with the project.

•

Uncertainties should be clearly reflected in the EIA report.

6. Environment Risk Assessment
Hazard Identification
•

Fire & explosion Index

•

Toxicity Index

•

Inventory analysis

•

Seveso Directives

•

HAZOP analysis

•

Past accident analysis

Hazard Quantification
•

Consequence analysis

•

Fire hazards

•

Explosion hazards

•

Toxic hazards

•

Vulnerability analysis

•

Maximum Credible accident analysis

•

Fault tree analysis

•

Event tree analysis

•

Failure mode & effect analysis
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Risk Evaluation
•

Risk revel computation

•

Individual risk

•

Societal risk

•

ALARP principle

Disaster Management Plan
•

Fire fighting facilities

•

Emergency siren

•

Emergency evacuation

•

Assembly points

•

Personal protective equipment

•

Organization chart for fighting emergency and disaster

•

Medical facilities

•

Transport facilities

•

Awareness programme for surrounding population

•

Training for occupational workers

•

Mock drills

•

Rehabilitation plan for affected people

•

Post incident investigation

Strategy for Disaster Management
•

Disaster Prevention

•

Risk Reduction

•

Mitigation

•

Preparedness

•

Efficient Emergency Response Planning

Programme for Disaster Management
•

Design to minimise the negative impact of accidents

•

Prepare an easy to follow guide for emergency response planning

•

Encourage an intensive dialogue

•

Promote a detailed hazard evaluation and risk reduction strategy
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7. Green Belt Development
Green belt is a strip of land usually provided on the periphery of buildings or industrial
establishment for the special purpose of promotion of tree plantation.
The objectives of green belt are to:
•

Protect the unique character of rural communities which might otherwise be absorbed
by expanding suburbs.

•

Protect and develop natural or semi natural environments; with compensatory
plantation to restore the ecological balance.

•

To insure a minimum distance between the industrial sources of pollution and the
receptors/ residential areas, prone to the health hazards of industrial pollution.

•

To trap some obnoxious gases and particulate matters in the air. Hence green belt
functions both as filter and sink for contaminants.

•

To absorb the air and water pollution caused by the industry. For example, noise can
be decreased by up to 10 dB by green belts.

•

To improve the local microclimate through their influence on wind, temperature and
humidity.

•

The trees reduce the effect of dryness and desiccate hot wind and increase the
availability of soil moisture.

•

To provide picnic spot and recreation grounds.

Green Belt Development Plan
The proposed greenbelt development plan should include:
•

Detailed plan for greenbelt development including the area, diversity and density of
plantation, types of species and budgetary allocation for the same.

•

Greenbelt should cover perennial trees as far as possible. Development of lawns, small
ornamental flowering plants, seasonal plants etc. should not be counted as a part of
greenbelt in the conservation plan.
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•

Locally occurring species which can easily be grown, should be given preference in
greenbelt development.

•

Plant species needed in that area from the point of view of soil conservation, moisture
conservation, pollution control, dust control, wildlife habitat etc. may also be given
preference while deciding the species to be included in the greenbelt.

•

The number of trees as well as the area to be covered by the greenbelt should be
mentioned. At least 33% of the plot area and the whole periphery should be covered
by green belt.

•

The plan should indicate how the greenbelt will be raised, irrigated and maintained
over a long run. The detailed plan for greenbelt development for at least five years
shall be submitted.

Public Hearing
Regulations require that the public must be informed and consulted on a proposed
development after the completion of EIA report. It includes:
•

Bonafide local resident

•

Local associations

•

Environmental groups (ENGOs)

•

Any other persons located at or near the project site

•

Record of proceedings and mitigation steps to address the concerns expressed

Decision Making
Decision making process involve consultation between the project proponent and the impact
assessment authority (assisted by an expert group if necessary)
The decision on environmental clearance is arrived at through a number of steps including
evaluation of EIA and EMP
Monitoring EC Conditions
Monitoring should be done during both construction and operation phase of a project. This is
to observe whether the predictions made in the EIA reports were correct or not. Monitoring
will enable the regulatory agency to review the validity of predictions and the conditions of
implementation of the Environmental Management Plan.
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8. EC - Important Aspects to be followed
The projects involving clearance under CRZ Notification, shall also submit a CRZ map duly
demarcated by the authorized agencies, showing the project activities, w.r.t. CRZ (at the stage
of TOR) and the recommendations of the State CZMA (at the stage of EC). Simultaneous action
shall also be taken to obtain CRZ Clearance for the activities to be located in the CRZ.
The projects to be located within 10 km of the National Parks, Sanctuaries, Biosphere Reserves,
Migratory Corridors of Wild Animals, the project proponent shall submit the map duly
authenticated by the Chief Wildlife Warden showing these features vis-à-vis the project
location and the recommendations or comments of the Chief Wildlife Warden thereon (at the
stage of EC).
Terms of Reference (TOR) will be conveyed to the applicant as early as possible (max 60 days)
based on (i) Information given in application forms, (ii) Personal discussion during
presentation, (iii) TOR submitted by the applicant or / and (iv) Site visit by SEAC if required.
Rejection or cancellation of EC is possible if the applicant conceals material fact or submits
false or misleading information.
9. Presentations to SEAC
SEACs generally expect all documents with sufficient clarity and brevity. The following
guidelines would facilitate the project proponents/EIA Consultants to prepare their
presentation and achieve expeditious decision-making with respect to their project.
(1) Give page number at right bottom of each page of the document. Use minimum font
size of 20 in the presentation.
(2) Take print outs or the submission/ presentation and handouts on both the sides of the
paper and print two slides on a page. In case of big slide, it may be one per page.
(3) Before appearing for the presentation and making any submissions, go through the
whole document thoroughly, correct it and complete it.
(4) Letter size, pictures, figures, tables, graphs, charts, slides, maps etc should be of proper
size, scale and clearly visible/ legible.
(5) North direction, scale and normal wind direction should be shown in the maps of site
location and internal layout of the project.
(6) All abbreviations (short forms) with their full forms to be given.
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10. EIA Report Format
Executive Summary: A concise discussion of the significant findings of the EA and
recommended actions in the project
Policy legal and administrative framework: Discussion of the policy, legal, and
administrative framework within which the EA is prepared. The environmental requirements of
any co-financiers should be explained
Project Description: A concise description of the project’s geographic, ecological, social, and
temporal context, including any offsite investments that may be required by the project, such
as dedicated pipelines, access roads, power plants, water supply, housing, and raw material
and product storage.
Site Selection: The siting or location of industry should be done after having considered
various alternatives for this purpose. The justifications for selection of the site in question shall
be highlighted, if the site is already finalized. If the proposal is for various options, the study
shall be done to finalize the site based on environmental/ ecological aspects and socioeconomic feasibility in mind.
Baseline data: For EA purposes, include an assessment of the study area’s dimensions and a
description of relevant physical, biological, and socioeconomic conditions, including any
changes anticipated before the project begins, and current and proposed development
activities within the project area, even if not directly connected with the project.
Impact assessment: This Includes identification and assessment of the positive and negative
impacts likely to result from the proposed project. Mitigation measures and any residual
negative impacts that cannot be mitigated should be identified. Opportunities for
environmental enhancement should be explored. The extent and quality of available data, key
gaps in data, and uncertainties associated with predictions should be identified or estimated.
Topics that do not require further attention should be specified.
Analysis of Alternatives: Assesses investment alternatives from an environmental
perspective. This is a key purpose and more proactive side of EIA - enhancing the design of a
project through consideration of alternatives, as opposed to the more defensive task of
reducing the adverse impacts of a given design.
Mitigation or management plan: The set of measures to be taken during implementation
and operation to eliminate or offset adverse environmental impacts or reduce them to
acceptable levels. The plan identifies feasible, cost-effective measures and estimates their
potential environmental impacts, capital and recurrent costs, and institutional, training, and
monitoring requirements.
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Environmental monitoring plan: Specifies the type of monitoring, who will do it, how much it
will cost, and what other inputs, such as training, are necessary.
Public consultation Report: Recognized as key to identifying environmental impacts and
designing mitigation measures.
11. SEAC Presentation - Details required
Location suitability/ siting criteria: Its safe location as per environmental laws and guidelines
(safety of water bodies, flora, fauna and preservation of natural resources and national
monuments etc.)
Causes of generation of environmental impacts due to:
▪

Excavation and construction activities.

▪

Manufacturing processes operations and maintenance or business activities.

▪

Generation of solid, liquid and gaseous wastes i.e. all types of pollution
possibilities and problems of treatability, if any.

▪

Base line data and incremental pollution rise with appropriate modeling /
scientific justification will be necessary. Water balance, mass balance and
energy balance should be given as per requirement.

Control and safety measures which are utmost necessary:
▪

At the design stage with a view to eliminate or reduce pollution or impacts
(effects or consequences of hazards) from the beginning so that subsequent
more control measures or complex treatment plants may not be required in
future.

▪

At the operation and maintenance stage.

▪

In the design and operation of ETP, pipe conveyance etc.

▪

In preparation of Onsite and Offsite emergency plans, environment
management plan, risk management plan, sewage treatment plan, energy
conservation and green building plan, greenbelt development plan, water
reuse- recycle - harvesting plan, cleaner technology or production plan, social
welfare plan etc.
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Responsible person(s) who has/have prepared and understood the EIA document and who
knows the manufacturing processes and/or the project activities, their hazards and controls,
should also remain present along with the project proponent or his authorized person.
In case of expansion of the project, existing permissions from Government Authorities should
be stated.
The source of various data used in the EIA report especially for all secondary information used
shall be mentioned clearly with the time of the data generated.
SEACS’ Expectations
The SEACs generally expect PPs to execute their activities/ projects with the following
objectives:
(1) Conservation and protection of various environmental attributes viz. water, air and
land.
(2) Preservation and protection of flora, fauna, ecological and socio economic aspects.
(3) Reduction in use of groundwater sources with treated wastewater being reused
and provisions for rainwater harvesting and groundwater recharging.
(4) Promotion of greenbelt development with poly-culture species and plantation of
mangroves.
(5) Use of solar and other non-conventional or renewable energy sources.
(6) Conservation and auditing of energies and utilities (e.g. electricity, air, water, steam,
oil, fuel, atomic energy etc.) being utilized.
(7) Adoption of “Cleaner Production” (CP) concept which includes Green or Cleaner
technology and promote the concept of Reduce, Reuse and Recycle, wherever
possible.
(8) All efforts to prevent or reduce global warming including use of clean fuels or
natural gas, biomass, solar, hydro, wind or atomic energy and efforts to get carbon
credit instead of using wood, coal, HSD, LDO, FO etc.
(9) Protection of workers and public from adverse impacts.
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(10) Design of town planning, construction and other projects with less use of land and
preventing adverse impacts on construction workers, users of the buildings and the
general public in vicinity.
(11) Efficient working of pollution control plants and equipment (STP, ETP, CETP, TSDF,
Incinerator, final discharge etc.)
(12) Sustainable development of the nation.
Challenges in EIA & EC
▪

There is always a mistrust between regulators, project proponent and EIA Consultants.

▪

The environment being a multi-disciplinary subject, a multitude of agencies is involved
in collection of environmental data.

▪

The credibility of the primary data collected by the data collectors is doubtful.

▪

There is always a lack of reliable data sources. The secondary data are also not reliable.

▪

The data collectors do not pay attention to the indigenous knowledge of local people.

▪

Environmental Information Centre (EIC) has been set up to serve as a professionally
managed clearing house of environmental information.

▪

There is a lack of ecological and socio-economic indicators for impact assessment.

▪

EC process is sometimes too long as there is always a long waiting list and there is an
anxiety for PPs to get ECs at whatever conditions possible.

▪

EIA team formed for EIA studies is lacking the expertise in some of the fields such as
ecology & biodiversity, social science and anthropology.

▪

EIA team formed for EIA studies is lacking the expertise in some of the fields such as
ecology & biodiversity, social science and anthropology.

▪

The details of methodologies for the prediction and evaluation of the project are not
presented in the report.

▪

Details regarding the effectiveness and implementation of mitigation measures are
often not provided.
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▪

Public comments are not taken seriously at the early stage, which often leads to conflict
at the later stage of project clearance.

▪

There is a very limited monitoring of post-implementation phase of the project.

▪

For strategic industries such as nuclear energy projected, the EMP s are kept
confidential for strategic and political reasons.

▪

Emergency preparedness plans are not discussed in sufficient details and the
information not disseminated to the communities.

12. Conclusions
▪

EIA is an important tool in assuring that projects will not have any adverse impacts on
the environment.

▪

Identifies appropriate measures for mitigating the potential impacts of projects.

▪

Improves the environmental design of the projects.

▪

Ensures that resources are used appropriately and efficiently.

▪

Facilitates informed decision making, including setting the environmental terms and
conditions for implementing of the project.

▪

Aids to decide which alternative to choose.

▪

Enables cumulative impact assessment of multiple projects.

▪

Does not guarantee decisions the you would like to see!
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