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1.  Preamble 
 

 
Marine fisheries are one of the remaining examples of human endeavour involving 

the direct exploitation of wild animal populations. Fisheries are dependent on the productivity 
of the ecosystem, and fisheries have an effect on, and are affected by, the supporting 
ecosystem of the target species. It, therefore, follows that prudent and responsible fisheries 
management should take account of the profound interactions between fisheries and their 
supporting ecosystem.  

 
The phrase 'Ecosystem Approach' was first coined in the early 80s, but found formal 

acceptance at the Earth Summit in Rio in 1992 where it became an underpinning concept of 
the Convention on Biological Diversity, and was later described as: 

 
 'a strategy for the integrated management of land, water and living resources 
that promotes conservation and sustainable use in an equitable way.' 
 

In the fisheries context, a variety of interpretations of the ecosystem-based approach 
have been developed. The FAO Fisheries Atlas, in its section on 'Basic Principles of 
Ecosystem Management', states: 

 
 “The overarching principles of ecosystem-based management of fisheries aim to 

ensure that, despite variability, uncertainty and likely natural changes in the ecosystem, the 
capacity of the aquatic ecosystems to produce food, revenues, employment and, more 
generally, other essential services and livelihood, is maintained indefinitely for the benefit of 
the present and future generations.....to cater both for human as well as ecosystem well-being. 
This implies conservation of ecosystem structures, processes and interactions through 
sustainable use. This implies consideration of a range of frequently conflicting objectives and 
the needed consensus may not be achievable without equitable distribution of benefits.” 

 
This definition is useful in demonstrating that ecosystem-based management is not 

about managing or manipulating ecosystem processes, something that is clearly beyond our 
abilities. Rather, ecosystem-based management is concerned with ensuring that fishery 
management decisions do not adversely affect the ecosystem function and productivity, so 
that harvesting of target stocks (and resultant economic benefits) is sustainable in the long-
term. Traditional systems of management, which have tended to focus on individual stocks or 
species, have not achieved this objective and consequently the economic activity that the 
ecosystem supports has become compromised.  

 
About the BOBLME programme  

 
The Bay of Bengal has been identified as one of the world’s 64 Large Marine 

Ecosystems. The Bay of Bengal Large Marine Ecosystem (BOBLME) Programme is a 
multinational cross-sectoral initiative by India, Bangladesh, Indonesia, Maldives, Malaysia, 
Myanmar, Sri Lanka and Thailand to manage the living marine resources of the Bay of 
Bengal LME in an integrated and sustainable manner and to protect the coastal and marine 
environment and its living resources. It is funded by the Global Environment Facility (GEF) 
and Swedish International Development Agency (SIDA) with the Food and Agriculture 
Organisation of the United Nations (FAO) as the executing agency. The eight member 
countries provide further country contributions, in multifarious means/ways. The BOBLME 
programme has been set up at the request of the littoral countries to provide them a forum to 
address these issues that transcend political boundaries.  

 
Under the multi-donor initiative, FAO is assisting the countries to develop and 

implement an action plan for the protection and sustainable management of the ecosystem and 
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living resources of the Bay of Bengal in order to improve food and livelihood security of the 
region’s large coastal population.  

 
Over-exploitation, destructive fishing practices, habitat destruction, and pollution 

from land and sea-based sources are serious threats to the continued survival of the region’s 
marine bounty. The ever-present threat of oil spills from the heavy tanker traffic through the 
Bay of Bengal region is among other serious concerns. A recent study of trawl fisheries off 
the southeast coast of India found a more than 40 percent reduction in the catch and nearly 
two-thirds decline in the catch rate during the past decade. 

 
More than 2 million people make a living by fishing in the coastal and offshore 

waters of the Bay where the marine fish catch has increased four-fold in the last three decades 
to 4 million tones. In the year 2000, India and Thailand each accounted for 22 percent of the 
catch, followed by Myanmar and Malaysia with 21 and 13 percent, respectively. Tuna and 
similar species have nearly doubled their contribution during this period to 7.6 percent, with 
Sri Lanka now becoming the top tuna producer in the region with a catch of 103 000 tonnes in 
2000. Thailand’s tuna catch, which peaked at 58 000 tonnes in 1995, had declined to 42 000 
tonnes by 2000. 

 
Of India’s 8118 km coastline, about 56% falls in the BOBLME area. The EEZ area of 

1.16 million square kilometers in the region forms 57% of the total EEZ of the country. Of 
this, the EEZ around Andaman & Nicobar Islands is 51%. The region is also unique as it 
receives discharges from mighty river systems.  

 
The Sundarbans delta, Chilka Lake, Pulicat Lake, Gulf of Mannar and the Andaman 

Sea presents distinct biotopes with intense biological production. The mangrove forest, which 
extends from Bangladesh into the Indian coastal belt, is one of the world’s three large 
mangrove systems recognized as Ramsar site. The topography of the area is characterized by 
extensive coral reefs and sand reserves.  Climatically the area falls under severe monsoon 
influence and is impacted by cyclones, tidal surge and inland flooding resulting in 
environmental refugees. A number of perennial east flowing rivers of India such as Ganga, 
Brahmaputra, Meghna, Mahanadhi, Godavari, Krishna, Cauvery and other minor rivers bring 
in large quantum of freshwater inflows, which influence the dynamics of the ecosystem.   

 
The coastal and offshore waters of the region support numerous fisheries as inshore 

small pelagics, demersal and shrimp fisheries and the offshore tuna, which are of great socio-
economic importance to the countries bordering the Bay of Bengal.  

 
The assimilative capacity of the Bay of Bengal is thought to be large and current 

anthropogenic impacts on the quality of coastal waters of countries are regarded as being 
mainly localised in nature.  However, there is increasing evidence to suggest that a number of 
activities are causing local and cumulative environmental degradation, which threatens the 
sustainable management and health of this large marine ecosystem as a whole. 

 
The main aim of this report is to assess the status and development potential of the 

coastal and marine environment of the east coast of India bordering Bay of Bengal and its 
living resources, the threats and causes to these ecosystems, the remedial measures already 
taken and proposed, the institutional and legal mechanisms, the gap areas and to identify the 
priority actions that could be taken both at the national and regional level to protect/ conserve, 
manage and develop these ecosystems and their resources. The National Report has been 
prepared, taking into consideration the views/suggestions made by the members of the 
National Task Force, members of the National Review Group and the participants in the 
National Workshop. 
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                                                                                                            2.          About India 
 

India - a triangular pendant-like peninsula extending between 8°4’ N and 37° 6’N 
latitudes and 68°7’E and 97°25’E longitudes, covers a total area of 3,287,263 square 
kilometres, which accounts for 2.42% of the world’s total land area. Across its northern 
borders lie the loftiest mountains on earth, the Himalayas –an unbroken stretch of 2,400 km 
from the south-east to the north-west.  To the north, lay China and Bhutan, further east is 
Bangladesh, while Pakistan and Afghanistan lie on its north-west frontiers.  From the northern 
snow-capped peaks to the palm-dotted plains of the country’s southern tip – Kanyakumari, 
the land extends over 3,214 km, and over 2,933 km between the mountainous borderlands of 
China and Myanmar to the east, to the arid deserts of Rajasthan in the west. The country is 
covered on three sides by sea, the Bay of Bengal in the east, the Arabian Sea in the west and 
the Indian Ocean on the south. It showcases a mind-blowing welter of synergies and a 
fascinating synthesis of contrasts, proving the relevance of ancient systems in the 
contemporary context. The country exults in its rich heritage while simultaneously fine-tuning 
itself for fresh challenges. Its allure cannot be confined to its ancient linkages – the country’s 
history spans a period of over 5000 years – nor to its spiritual richness.  Nor for that matter its 
legendary wealth, its topographical strengths or its dynamic cultural ethos. Perhaps it is the 
coalescence that accounts for its amazing appeal.  

 
As diverse as India’s sartorial tradition are its languages.  India has 15 major 

languages and 844 dialects.  In the east-coast bordering Bay of Bengal, Bengali, Oriya, 
Telugu and Tamil are the four major languages spoken. India being the second most populous 
country in the World, next only to China has a population of over 1 billion i.e., 1033.40 
million, as per 2001 Census, which is about 16.7% of the total world population, with a 
density of 348 persons per sq. km.  Out of this, 51.7% is males and 48.2% females. The 
present level of life expectancy is 63 years and the literacy level is 65.35%, comprising 75% 
males and 54% females. The Gross National income in 2001 was US $ 474.3 billion with a 
per capita income of US$ 460, with a growth in GDP of 2.7% per capita. In 1994, the 
population below poverty line was estimated to be around 35% (Census, 2001). 
 

                            
                     Fig.1: India - Map showing the states bordering Bay of Bengal 
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The mainland coastline of India is remarkably unintended and generally emergent. 
The Indian coastal zone comprises (i) the east & west coasts of the mainland and (ii) three 
groups of islands, the Lakshadweep in the southern Arabian sea and the Andaman and 
Nicobar island groups in the eastern Bay of Bengal. The east and west coasts are markedly 
different in their geo-morphology. The west coast is generally exposed with heavy surf and 
rocky shoes and headlands. The east coast is generally shelving with beaches, lagoons, deltas 
and marshes. It is also relatively low lying with extensive alluvial plains and deltas. 

 
On the East Coast of India bordering Bay of Bengal 

 
The Bay of Bengal is one of the two northern embayment of the Indian Ocean, 

flanked by the Indian peninsula and Srilanka in the west and the Andaman and Nicobar 
Islands and Myanmar in the east. It is over 2 million km² in extent.  The east coast of India, 
extending from the international border of India and Bangladesh in the northeast to 
Kanyakumari in the south, is 4,645 km long, covering the states of West Bengal, Orissa, 
Andhra Pradesh, Tamil Nadu, Pondicherry and Andaman & Nicobar Islands and has a 
population of over 225 million.  The Indian states situated along Bay of Bengal have a 
continental shelf area of 153,000 km². The total area of the EEZ (Exclusive Economic 
Zone) of India in the Bay of Bengal is 615,500 km². Six major and five minor ports are 
situated along the coast, handling a billion tonnes of goods every year. The beaches, like 
those at Digha, Puri, Gopalpur, Visakhapatnam, Chennai and Covelong, and scores of well-
known centres of historical and religious significance along the western and northern edges of 
the Bay of Bengal attract tourists from all over the world. The climate of the region is 
subtropical to tropical and is characterized by high temperatures and medium rainfall. 
Virtually all the rain falls during the Southwest Monsoon (June to September), with the 
rainfall during North-east monsoon (mid- October to mid-December) confined to North 
coastal Tamil Nadu and south coastal Andhra Pradesh, causing a drastic fall in salinity in the 
Bay of Bengal.  

 
The East coast is indented with major river deltas like Ganges, Bramhaputra, 

Mahanadi, Godavari, Krishna, Cauvery, etc. East coast contributes alluvial deposits, 
beaches, spits and inlets. River mouth and estuaries are found to be more common and 
extensive along the east coast.  

 
West Bengal     

 
West Bengal stretches from the Himalayas in the north to the Bay of Bengal in the 

south. It has boundaries with Sikkim and Bhutan on the north, Assam and Bangladesh in the 
east, the Bay of Bengal in the south and Orissa, Bihar and Nepal on the west. Covering an 
area of 88,752 sq km, the State has 19 districts. It has a population of 68.08 million with a 
density of 766/ sq. km. The literacy rate is 57.72% with males at 67.24% and females at 
47.15%. Agriculture forms the backbone of the State with 70 % of the population engaged in 
agriculture and allied activities. While the State accounted for 15.3 % of the country’s total 
output of rice, it produced 66.5 % of the country’s jute and 22.2 % of tea. Other major crops 
include potatoes, oilseeds, betel vine, tobacco, wheat, barley and maize. It is also one of the 
major industrial centres of the country with 10,236 registered and functioning factories. Major 
industries include engineering, automobiles, chemicals, pharmaceuticals, aluminum and 
timber processing. It is also the base of a large number of public sector enterprises in the 
country. 

 
Most of the West Bengal coast consists of the Sundarbans region of river Ganges 

mouth with many shoals, sand spits, mudflats and tidal swamps (Ahmad, 1972). Mud flats are 
exposed during low tide near Digha, part of Sundarban and opposite to the Hoogly mouth. 
Sagar Islands, Bhangadun Island, Dalhousie Island, Lothian Island and Mahisand Island are 
present opposite to the mouth of the river Hooghly. 
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The Hooghly Estuary in West Bengal is probably the most polluted estuary in the 
world. There are 96 major factories from Nabadwip inland to the bar mouth, discharging 
almost half a billion litres a day of untreated wastes. Almost everything producing hazardous 
wastes is to be found in this industrial concentration: Pulp and paper mills, pesticide 
manufacturing plants, chlor-alkali plants, distilleries, thermal power plants and factories 
manufacturing yeast, rayon, cotton, vegetable oil and soap, fertilizers, antibiotics etc. 
Bioassays have shown that cotton effluents are very toxic to freshwater prawns and 
Varnishes, rubber, and rayons are deleterious to shrimp. 

 
A rather comprehensive study of the environmental conditions in the Ganga and the 

Hoogli Estuary was made in 1960. When a similar study was made in 1988, it showed a clear 
deterioration in conditions: chloride concentrations and alkalinity had increased, while 
oxygen had decreased. But the nutrients too had increased significantly. And, surprisingly, 
there were no significant changes in the chemical parameters in the estuary during the two 
decades. The regular flushing by tidal water had evidently taken most wastes out to sea. 

 
The sewage treatment system in Kolkata is most interesting. Almost all municipal 

wastes generated in Kolkata pass through one or two systems of fish ponds for treatment, 
before being released into the Hoogli River. The treated wastewater is also used for irrigating 
and fertilizing gardens and orchards. The income from the fish ponds, together with that from 
vegetables and fruit, supports about 2000-3000 people on 65 ha. The area was earlier 
wasteland belonging to the Port authorities, which were using it for waste disposal. 

 
A look at the statistics for fish catches revealed that while the catches in the Ganga 

have fallen from 50.3 kg/ha/year in 1960 to less than 20 kg now, in the estuary the catches 
have increased from 7.5 t in 1960 to 24.0 t in 1980.  Most of the increase has been from the 
outer zone of the estuary. While the inner zones of the estuary have been adversely affected 
by pollution, the increased loads of nutrients have been beneficial to fish production in the 
outer zone.  

 
The Mudiali fishermen’s cooperative is one of the 80 cooperatives in Kolkata. By 

getting the industrial wastewater to pass through an ingenious system of ditches dense with a 
vegetation of water hyacinth, Eichhornia and Valesneria, they reduce the toxic compounds 
and use the treated water to produce 5-7 t of fish per hectare without any additions of feed or 
fertilizers! By refining this method, it will be possible to produce 15-20 t of fish/ha/yr. 

 
Most cooperatives and private enterprise fish ponds in Kolkata take their wastewater 

from the sewage canal that mainly contains the municipal waste. Most of the industrial waste 
is led into a separate storm drainage canal. The mercury and pesticide residues in the flesh of 
fish grown in the ponds, as well as the bacterial contents, are below WHO recommendations. 

 
The West Bengal coast has the world's largest mangrove forest located in Sundarbans 

area, which has been declared as a World Heritage Site by UNESCO. The mangroves and the 
estuarine system provide an excellent breeding and nursery grounds for fishes and prawns. 
The coast is experiencing large scale reclamation of mangrove areas for the purpose of 
settlement, aquaculture and agriculture. The major sources of pollution in the coastal waters 
are domestic, agricultural and industrial effluents from Digha, Haldia, Kakdwip, Bakkhali, 
Diomand harbour areas etc. Sunderbans mangroves are affected due to 400 tonnes of 
untreated municipal sewage discharged from Kolkata metropolis everyday.  

 
Orissa 

 
Orissa lies in the east coast of India, surrounded by West Bengal on the north east, 

Bihar on the north, Andhra Pradesh on the south east, Madhya Pradesh on the west and Bay 
of Bengal on the east. The coastal track of Orissa extends to over 480 km along the Bay of 
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Bengal. Long sandy beaches with high and wide backshore mark Orissa. The population 
density is 202. The literacy is 48.65% of which male literacy forms 62.37% and female is 
34.40%. There are 329 fishing villages with a population of 1,73,197. Except a short stretch 
north of Paradeep Port, the rest of the Orissa coast shows an accretional trend. Wide sand 
beaches with elevated rows of sand dunes are seen between Gopalpur and Mahanadi mouth. 

 
The entire coast of the State is broadly divided into two regions viz, North Orissa 

coast comprising Balasore, Bhadrak and Kendrapara districts, and South Orissa coast 
constituting Jagatsinghpur, Pun and Ganjam districts. The North Orissa coast is shallow, 
muddy and calm with extensive river deltas compared to South Orissa coast, which has the 
surf beaten sandy beaches. The Chilka lagoon, situated in Khurda district, is the largest of its 
own kind, having minimum water spread area of 790 sq. km. with its opening to Bay of 
Bengal. A population of 1,04,040 from 128 fishing community villages solely depends on 
Chilka fisheries. Fishing activity, which is closely related to the socio-economic conditions of 
the local inhabitants of the coastal area, needs to be regulated. The large volume of littoral 
sediment transport causes the inlet mouth to migrate continuously in the northerly direction 
(Chandramohan and Nayak, 1994). 

 
Gahirmatha is the largest known rookery of olive ridly sea turtles. The coast is also 

having breeding grounds for two rare species of horseshoe crabs, which are abundant along 
this coast. Bhitarkanika is a mangrove forest, which has been declared as a sanctuary. The 
monument of Konark and temple town of Puri located on coast of Orissa have a high potential 
for tourism development. Paradeep located along the coast is the industrial town with a major 
Port. Orissa coast experiences the country's severest cyclones storms and tidal surges causing 
large scale destruction of life and property. The recently occurred super cyclone in 1999 had 
caused large-scale destruction of the coastal environment where thousands lost their lives too.  

 
More than 80 per cent of the population earns their living from agriculture. Orissa is 

not very industrialized, but is very rich in natural resources, its mineral deposits equal to those 
of Western Europe. The marine environment of Orissa is still in good condition, but algal 
blooms occur occasionally. They are mainly caused by the diatoms viz. Asterionella, 
Chaetoceras and Skeletonema, which are innocuous to marine organisms. A marine 
monitoring programme was started in the state in 1990. Since then, bottom samples have been 
collected along five transections at the main river mouths twice every year. Rather large 
amounts of mercury and lead have been found far from possible industrial sources. 

 
Complicated current patterns evidently transport these pollutants long distances. 

Analyses of mercury in fish downstream a chloro-alkali industry in the Rushikulya Estuary 
showed values well above the 0.5 mg/kg w.w. recommended by WHO. 

 
Significant environmental degradation has taken place in Chilka Lake in southern 

Orissa. The main problems here are the large siltation load, causing decreased water exchange 
with the sea, and the proliferation of weeds in the lake. No significant change in fish catches 
has yet been demonstrated, but an increase in freshwater species has been observed. (This 
condition has recently been reversed and the ecological condition has improved substantially.  
Once it was a Ramsar Site, but now it is out of it). 

 
Andhra Pradesh 

 
Andhra Pradesh occupies an area of 275 068 sq. km and has a population of 

66.51million. The population density is 242 persons every sq. km. The State has a literacy of 
45.1% with a male literacy of 56.24% and a female literacy of 33.71%. Bounded by Madhya 
Pradesh and Orissa in the north, the Bay of Bengal in the east, Tamil Nadu and Karnataka in 
the south and Maharashtra in the west, Andhra Pradesh has 23 districts. These districts fall 
under three distinct regions, which are the coastal region, made up of nine districts called 
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Andhra, the interior region consisting of four districts known as Rayalaseema and the 
Telengana region, which include the capital Hyderabad, and nine adjoining districts. 

 
With a widely diversified farming base that is rich in a variety of cash crops, the State 

is surplus in food grains and is aptly knows as the granary of southern India. Agriculture 
accounts for about 50% of the State’s income and provides livelihood for 70% of the 
population. Paddy, jawar, bazra, ragi, maize, groundnuts, chilies, cotton, castor, sugarcane 
and tobacco are the crops extensively cultivated in the State.  

 
This state has a long coastline of 974 km. Long sandy beaches backed by rows of 

high sand dunes mark Andhra Pradesh coast. It has been frequently attacked by devastating 
cyclones and inundated by storm surges. The unique feature of this coast is the formation of 
15 km long sand spit off Kakinada owing to heavy sediment load brought by Godavari River 
(Ahmad, 1972 and Chandramohan et al, 1988). 

 
Extensive large deltaic regions are formed along the Krishna and Godavari river 

systems with good mangrove vegetation in the delta. The coast often experiences cyclonic 
conditions along with tidal surges resulting in loss of life and property. Extensive 
brackishwater aquaculture activities are practiced along the coast and river-banks. 
Visakhapatnam is one of the major industrial and urban settlement areas located along the 
coast. The major areas of concern include reclamation activities for aquaculture, agriculture 
and pollution from industrial complex areas and municipal sewage.  

 
The drainage area of Kolleru Lake has been identified as the area where pesticides 

and fertilizers are most intensely used in Andhra Pradesh, and perhaps even in India and the 
tropics. The marine environment in Andhra Pradesh is still in a good condition and no great 
threats to fisheries have been identified. 
 
Tamil Nadu  

 
With 29 districts and an area of 130 058 sq km, Tamil Nadu is situated on the 

southeastern side of the Indian peninsula. Bounded on the east by the Bay of Bengal, in the 
south by the Indian Ocean, in the west by the States of Kerala and Karnataka and the north by 
Karnataka and Andhra Pradesh, the State has a population of 55.86 million. The geographical 
features can broadly be divided into two distinct areas: the eastern coastal plain and the hilly 
region along the north and the west. The State has a literacy rate of 63.72% with 74.88% 
among males and 52.29% among females. 

 
The coast of Tamil Nadu is about l076 km long along the Bay of Bengal and has 

extensive sand dune formations. These sand dunes act as natural reservoirs of fresh water and 
also play an important role in coastal dynamics. The southern coast of Tamilnadu has a very 
narrow continental shelf, a rocky shore and strong wave action. There are mangroves, sandy 
beaches, mudflats, coral reefs and seagrass beds. The Gulf of Mannar and Palk Strait are 
fairly sheltered waters owing to the presence of Mandapam Peninsula, Rameswaram Island 
and the Talaimannar Islands. The coastline between Tuticorin and Rameswaram in Gulf of 
Mannar, and between Rameswaram and Vedaranyam in Palk Bay are partially protected from 
monsoon waves due to the proximity of Sri Lankan Island. Palk Bay is a shallow bay and is 
largely occupied by sandy banks and shoals (Agarwal, 1988). Abundant growth of corals, 
oysters, sponges and other sea bottom communities flourish in the relatively calm waters of 
Gulf of Mannar. Beach formation disappears in the vicinity of Kanyakumari and is replaced 
by rocky shore. The great Vedaranyam salt swamp is situated further north on the east coast 
and it extends up to Point Calimere. The eastern shore is flat and sandy, and the sea is very 
shallow. The swamp itself comprises a vast area of open mudflats and lagoons behind a long 
sand bar breached at various areas by tidal channels.  
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Pichavaram and Muthupet have extensive mangroves, which are excellent breeding 
grounds and nurseries for prawns and fishes. Among the over 12,000 industrial units 80 per 
cent are located close to the coast.  Chennai, Cuddalore and Tuticorin are some of the most 
industrialized areas of the coast in the state. The coast and the coastal waters are experiencing 
severe pollution due to dumping of fly ash from coal fired thermal power plants, discharge of 
untreated sewage and industrial effluents. Shoreline changes have been observed due to new 
port developments. North Tamil Nadu coast comprises long sandy beaches, the most 
magnificent in the world. 

 
There are also 2,200 tanneries in the state, accounting for more than 80 per cent of the 

total leather production in India. The industrial pollution is worst in the Chennai area, with 
high concentrations of heavy metals in water and sediments. Surprisingly, though, the 
concentrations of metals in fish and seafood are still well below lethal limits. 

 
Bacterial contamination of seawater is most prominent in the coastal areas around 

Chennai, but almost all samples taken close to the shore in Tamil Nadu indicate bacterial 
pollution. The bad water quality along the coasts is a serious health threat to the coastal 
population and establishment of the tourist industry. 

 
Electricity is generated from coal-fired thermal stations (70 per cent) and nuclear 

plants (10 per cent). The coal-fired units are reported to be causing damage to fisheries 
through the elevation of water temperatures and the discharge of fly ash slurry. The 
environmental effects of nuclear plants are little known. Statistics on the discharge of 
radioactive tritium shows an increasing trend, which has caused concern. It is planned to 
construct a new nuclear plant at Kudankulam near Tirunelveli in southern Tamil Nadu, and 
this may increase the radioactive discharges significantly. 
 
Pondicherry 

 
The Union Territory of Pondicherry covers an area of 492 sq km and consists of four 

regions - Pondicherry, Karaikal, Mahe and Yanam. The territory has a population of 0.97 
million according to the 2001 Census. The population density is 2029 persons per sq km. The 
literacy rate is 81.49% with a male literacy of 88.89% and female literacy at 74.13%. About 
45% of the population is engaged in agriculture and allied areas. This territory was under 
French administration until November 1954. 

 
Pondicherry is a small Union Territory with 45 km of coastline located along the Bay 

of Bengal. The coastal waters receive discharges from 3 major industrial complexes including 
untreated municipal sewage from urban settlements and tourist resorts.  

 
A mini fishing harbour has been constructed in Pondicherry region, where more than 

250 mechanised vessels are berthed.  A similar facility is being created in the Karaikal region. 
Over 5000 fishermen have been provided financial support for construction of houses. 

 
A model Marine Fishing Regulation Act for protecting the interest of the small-scale 

traditional fishermen and mechanised fishermen and for protecting and conserving marine 
resources of Pondicherry coast is in the final stages of approval and enactment. The 
Government of Pondicherry has also imposed a ban on fishing for a period of 45 days from 
15th April to 31st May every year, since 2001. These measures have been taken in line with the 
provisions of the Code of Conduct for Responsible Fisheries. 
 
Andaman & Nicobar Islands  

 
The Andaman and Nicobar Island are emergent remnants of the Tertiary mountain 

chain, the Andaman Ridge (Ahmad, 1982) and are located off the Asian continental shelf in 
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Bay of Bengal between India and Myanmar. The Andaman & Nicobar Islands comprise about 
540 small islands located in the southern most region of the country in the Bay of Bengal 
most of which are composed of rock like fossiliferous beds, conglomerates, sandstones and 
lime stones (Ahmad, 1972). Some islands are volcanic in origin. Only a few islands are 
inhabited. Extensive coral reef of fringing types often separated by lagoons are found along 
these islands. Coralline limestones are the predominant rock formation in the shelf region of 
these islands. Corals had uninterrupted life during the Tertiary and Quaternary periods. These 
islands account for about 18% of the country's total mangrove area and have dense tropical 
forests. Of late, the South Andaman Island (Port Blair) has been experiencing increased 
urbanisation, sand mining, infrastructure and tourism developments leading to pollution of 
coastal waters due to sewage and change of shore line.  

 
India - Marine Biodiversity 

 
Microbial diversity 

 
Bacteria and fungi are abundant in practically every habitat of the sea.  Each habitat 

harbours unique assemblages of species.  In addition to their importance in maintaining 
ecological balance in the ecosystem, microbial diversity is used in many biotechnological 
applications.  Organisms with novel and unique properties may be present in the marine 
environment.  This potential has hardly been tapped. 

 
Plankton 

 
 Due to enrichment the coastal waters show higher biomass of phytoplankton.  Reports 
indicate a range between 37 and 11300 cells / ml.  The zooplankton density also exhibits wide 
range of population from 2105 to 78046 Nos. /m3. 

 
Seaweed 

 
 Over 806 species of marine algae have been reported from India of which 428 
species are reported from Tamil Nadu, 79 species from Andhra Pradesh, 64 species from 
A&N islands and 6 species each from West Bengal and Orissa.  The annual production of 
seaweed is estimated at 77,000 tones (fresh weight) (MOEF, 2002). 

 
Sea grass 

 
 Major sea grass meadows occur along the south east coast off Tamil Nadu.  Flora 
comprises 14 species of sea grass.  The total standing crop is estimated at 7000-8000 metric 
tones.  Over 100 species of marine algae have been observed in the beds of sea grass. (MOEF, 
2002). 

 
Coral reefs 

 

342 species belonging to 76 genera have been reported from the seas around 
India.  A total of 50 genera and 13 sub-genera of reef-building corals are known so far from 
the Indian reefs representing more than half (97 genera and sub-genera) of those recorded 
from reefs all over the world.  94 species belonging to 37 genera are recorded from Gulf of 
Mannar and in A&N 42 genera (68 species belonging to 31 species). (MOEF, 2002). 
 
Reef – associated resources 

 
 The single most important living resource from the reefs is edible fish.  The reef areas 
yield 20 tones per sq km per year.  The heavily fished coralline shelves produce sustained 
harvests of about 5 tones per sq km per year.  In Indian islands, fishing is mostly for 
sustenance and local consumption.  Hence the potential has not been exploited fully.  This is 
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obvious from a comparison of the present recorded yield of about 1 tone per sq km per year, 
with the potential yield of 10-15 tones per sq km per year for reef areas. (MOEF, 2002). 

 
 Ornamental fish from the reefs are of greater commercial value than the edible fish.  
In Indian islands, however, this still remains an untapped resource.  Decrease of population of 
ornamental fish is noticed, due to decrease of coral reef coverage. 

 
 Molluscs constitute an important source of calcium carbonate from the reefs.  The 
reefs and coral shelves of the Indian island, which cover an area of 19,000 sq. km, can be 
expected to have a potential annual production of about 19 million tones of calcium 
carbonates.  Commercial exploitation of corals at present is mainly for use as building blocks 
in the construction of roads and in lime and cement industries. 

 
Mangroves 

 
Total area covered in Sundarbans is the largest mangrove forest in India with an 

estimated area of around 4,250 sq. km.  The mangroves comprise 69 species under 42 genera 
and 27 families. Of this, 20 are either rare or endemic. The deltaic environs of east coast of 
India support extensive mangrove forests as a result of a general intertidal slope and heavy 
siltation.  The largest stretch of mangroves in the country is in West Bengal.  Totally 1854 
species of flora and fauna have been reported from the mangrove environs; of which, 
412 are floral species and 1442 are faunal species, contributing 23% and 77%, respectively. 
(MOEF, 2002).  

 
Crustaceans 

 
The Horse Shoe Crabs are reported along the coast of Orissa and no information is 

available about their population.  Exploitation of Horse Shoe Crabs for commercial purposes 
is banned by the Government.   

 
Fish & fisheries  

 
2546 species belonging to 969 genera, 254 families and 40 orders are recorded 

from India, representing 11.72 % of species, 23.96% of genera, 57% of families and 80% of 
the orders, recorded globally. (MOEF, 2002). 

 
Reptiles  

 
 5 species of sea turtles, 20 species of sea snakes and 3 species of salt/marsh 
crocodiles are present in Indian coastal/marine waters. (MOEF, 2002). 

 
Marine mammals 

 
 The notable endangered species, which is of great concern is Dugongs.  The habitats 
of Dugongs in Gulf of Mannar particularly the sea-grass eco-system are fast diminishing due 
to human intervention. (MOEF, 2002). 
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3. Status and Development Potential of Coastal and Marine              
Environment of East Coast of India and its Living Resources 

 
3.1. Introduction 

 
Coastal zone is defined as an interface between the land and sea and may extend 

towards the sea and land, depending on the objectives of management and needs of a 
particular programme. The coast has diverse geomorphological features such as mudflats, 
rocky shores, cliffs, sandy beaches and deltaic regions which shelter unique and diverse 
ecosystems and species such as coral reefs, mangroves, sea grass beds, turtle breeding 
grounds, etc. The coastal areas of India inhabit about 225 million people. The coastal zone is 
essential to marine life and supports a large part of the world’s living marine resources.  Its 
wetlands, lagoons, seagrass beds, coral reefs and shallow bays are nursery or feeding grounds 
for most of the coastal and oceanic species.  This zone has the highest biological diversity of 
any part of the sea. These diverse coastal ecosystems on the coast and the waters are not only 
highly productive but are put under tremendous pressure due to increasing urbanisation, 
economic activities and other strategic installations setup in and around close proximity to 
coastline.  
 

3.2 Status and development potential of coastal & marine environment in the 
states bordering Bay of Bengal along the east coast of India 

 

3.2.1 Land-based sources of pollution  
 

The coastal habitats are threatened by domestic, agricultural and industrial pollution 
as well as deforestation. Increasing transport of goods along the rivers particularly in the 
perennial rivers also causes problems in the marine habitats, which are often sensitive to 
siltation and reduced light penetration.  

 
The land based activities along the coast of India include human settlements, 

industrial establishments and service sector like Ports, transportation etc. Increasing pollution 
leads to generation of large amount of wastes. The sewerage systems include both 
underground systems and open canals.  Except the lesser proportion of sewage treated, rest is 
disposed of as raw sewage in the creeks, estuaries and directly into the coastal waters.  As a 
result of disposal of raw sewage, the level of dissolved oxygen is very low at a few locations 
particularly close to the waste disposal points at Chennai.   

 
Demographic pressure in the urban cities and towns has resulted in the production of 

enormous amounts of domestic waste materials.  These materials reach the marine 
environment either directly or indirectly through rivers, creeks, bays, etc.  The domestic 
sewage contributes to the largest amount of waste and it has been estimated that 
approximately 18,240 MLD (Million Litres per Day) reach the coastal environment of the 
country.  Domestic wastes are discharged mostly in untreated conditions due to the lack of 
treatment facilities in most of the cities and towns.  It has been reported that only primary 
treatment facilities are available in cities and towns where the population is more than 
100,000 and the capacity of the plants is not adequate for the treatment of the total waste 
generated in the city. These wastes predominantly contain degradable organic matter, which 
utilizes enormous amount of oxygen from seawater for its oxidation.  The low oxygenated 
seawater leads to decrease in the population of flora and fauna. 
 

India is one of the largest industrialized nations in the world.  The industrial facilities 
are located in large cities like, Chennai and Kolkata and also in other places like Tuticorin, 
Cuddalore, Visakhapatnam and Paradeep, on the east coast.  Major industries include 
chemical, steel, textile and fertilizer. The total quantum of industrial effluents entering the 
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Indian seas is estimated to be around 700 million cu.m. While the major industries discharge 
treated effluents into the sea, numerous small and medium scale industries discharge the 
untreated effluents into the adjoining wastewater canals, municipal drains, creeks, etc.  State-
wise list of number of industries, and quantum of liquid and solid waste generated, in the east 
coast, are given in the following table (Table-3.1). 

 

Table. 3.1:  Number of Industries and liquid and solid waste generated  
by the east coast States of India 

 

Sl. 
No Coastal States No. of industries Effluent generated 

(million cu.m/day) 
Solid waste 

(tpd) 
1 Tamil Nadu 30 0.125 9,112 
2 Pondicherry 4 0.006 1.25 
3 Andhra Pradesh 30, 

80 A 
0.350 
2.116 

7,191 
-- 

4 Orissa 4 
20A 

0.001 
-- 

3,505 
-- 

5 West Bengal 7 
10 A 

0.022 
-- 

25 
-- 

 A = Aquaculture units           (Source: Ramachandran, S. 2001) 
 

Power plants are located in Tuticorin and Chennai. These power plants release warm 
water daily into the sea.  The wastes generated from industries particularly from the large 
industries are being treated before disposal.  However, innumerable small and medium scale 
industries discharge their waste into the creeks and municipal sewerages.  Due to release of 
untreated waste, contamination of sediments with heavy metals like mercury, cadmium and 
lead is reported particularly in the coastal sediments of Tamil Nadu and Andhra.   

 
The other sources of marine pollution include tourism activities, which lead to 

dumping of plastic waste by tourists on the beaches, and ship breaking operations causing 
chronic oils pollution in the ambient water etc.  The riverine impacts causing non-point 
sources of pollution is till to be investigated thoroughly and the quantity of waste disposed 
through the non-point sources is yet to be assessed.  The agricultural sector uses nearly 75 kg 
per hectare of fertilizers, which are mostly nitrogenous and phosphorous in nature.  The 
impact of nitrogenous wastes results in eutrophication.  Due to decreasing use of 
organochlorine pesticides, the residues of DDT and HCH in fishes are found to be low. 
  

Coastal aquaculture depends primarily on the marine environment for its source of 
sea water.  It also uses sea for release of wastes.  The wastewater discharged from the farms 
contains varied quantities of organic wastes, depending on the type of farming and density of 
farms in a given area.  The shrimp culture boom along the east coast of the country has grown 
in an unregulated manner.  This would cause localized damage to the marine environment by 
creating eutrophication, anoxic conditions, etc. 
  

The coastal engineering studies have revealed that the construction of breakwaters 
alter the sediment transport mechanism in the coastal areas, thereby causing erosion and 
accretion, depending on the direction of the littoral drift.  The effect of accretion will be 
siltation.  In the areas where coral reefs are abundant, such siltation completely covers the 
coral bed causing the mortality of coral polyps, ultimately leading to destruction of the coral 
environment.  Erosion leads to loss of land, which, probably, is used for coconut plantations, 
etc. Erosion in the mangrove areas leads to decrease in the density of mangroves. 
 

Deepening of navigation channels for ensuring adequate draft to the vessels is one of 
the essential aspects in major ports of the country.  Before initiating the dredging, generally 
the port authorities conduct model studies to locate sites for disposal of the dredged 
sediments.  These models give solutions for dispersal of dredged sediments away from the 
dredged area so that there is no immediate accretion of sediments in the navigational 
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channels.  However, such models do not give any impact of dredged sediments on the marine 
life. 
 

Studies conducted have revealed that in the mouth of estuaries and in the outer 
harbour limits where normally the dredging is done, the dispersed sediments increase the 
concentration of suspended matter in the ambient water which may cause mortality of filter 
feeders like clams. In fact, in most of the areas where the dumping of dredged sediments 
occur, the area is devoid of filter feeding animals.  This leads to reduction in biodiversity in 
that area. 
 
Point Sources  
 
 The quantity of wastewater generated by the urban societies in the form of 
sewage is estimated to be 3560 million litres per day. The wastewater contains large amount 
of purified organic matter with BOD value of more than 89 in places like Chennai.  The high 
input of organic matter through rivers and creeks by the Municipalities and Corporations has 
resulted in low oxygenated sea water close to the drain area and high levels of bacteria around 
the disposal points. “Nil” dissolved oxygen values have been reported even up to 500 m of 
coastal waters and other water bodies.  

 
Similarly in the sewage disposal point of Raipuram in Chennai and at similar 

locations in Vizag, E. coli counts were as high as 2800 x 103.  It has been found that the 
dissolved oxygen level and the pathogenic bacteria improve towards offshore. The population 
of marine organisms both pelagic and benthic is found to be very low around sewage disposal 
points. Due to the presence of oxygen levels above 5 mg/l beyond the disposal points, 
deterioration of water quality has not been found and sea is believed to assimilate all the 
organic pollutants arising from the sewerage.  

 
 Even through the Government based legislation prescribes the disposal standards for 
sewage generated through the municipal sources, all the coastal Municipalities and 
Corporations have violated these standards, due to non-installation of treatment plants.  
Paucity of funds and clubbing of allocation to water supply and drainage, led to expenditure 
being incurred on water supply instead of sewage disposal.  This was found to be one of the 
main reasons for non-treatment of sewage. 

 
 The private sectors have found the sewage treatment on behalf of the Municipalities 
and Corporations non-attractive sectors, as they experience difficulties in collection of 
revenue, fee etc.  A suitable incentive scheme to attract the private sector has to be formulated 
by changing the Government Policies on treatment of waste by the private sector. Where 
needed, new policies have to be enacted to attract funding from the multilateral donors for 
treatment of sewage. 

 
It has been estimated that the coastal population generates 500 g/head/day of solids 

waste in the form of paper, vegetable remains, etc.  The total solid waste generated is 
estimated to be 17000 million tonnes per day.  Only 60% of the solid waste is disposed off 
in the collection facilities maintained by the municipalities and the corporations.  The 
remaining wastes are disposed off in the form of localized landfills, which degenerate and 
become a health hazard.  Since solid waste is responsible for the proliferation of disease prone 
bacteria and virus, priority should be accorded for systematic collection of solid waste and 
their safe disposal. Since the Government based operation is not found to yield expected 
results, changes in the Government Policy to switch over from the public to the private sector 
for the solid waste collection and safe disposal is being thought of. In cities like Mumbai and 
Chennai the practice of engaging the private sector in solid waste collection and disposal has 
given encouraging results. Therefore, the objective would be adoption of the efficient method 
of collection and disposal of solid waste. 
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A variety of industries like chemical, pharmaceutical, steel, automobile, textile etc., 

are situated along the coastline of India. The wastewater treatment facilities are available with 
large industries located along the coastal areas of the countries.  The primary causes of 
industrial pollution are as follows: 

 
Ø Prevalence of outdated, inefficient technologies, which generate large amounts of 

waste. 
Ø Large unplanned industrial conglomerations, which have been encroached upon, 

severely pollute their environs. 
Ø The absence of ecological zoning and industrial sitting norms. 
Ø Existence of large number of small-scale industries, which escape land use and 

environmental regulations. 
Ø Lack of resources for implementing pollution control programmes. 
Ø Poor enforcement of pollution control laws. 
Ø Industrial wastes account for 25% of wastewater and over 50% of the pollution load. 
Ø Storage and dumping of solid and hazardous wastes. 
Ø Power plants. 

 
Major issue regarding the industrial waste is disposal of untreated waste by small and 

medium scale industries in rivers, creeks and municipal drains. The present scheme of having 
Central Effluent Treatment Plants (CETPs) have not been found to be successful in a few 
states, mainly because of the pre-treatment before the final treatment of wastes in CETPs was 
found to be far inadequate to meet the technological requirements. 

 
The power plants along the coastal areas located in Tuticorin and Chennai (Tamil 

Nadu) draw enormous quantity of sea water for cooling purposes and discharge these waters 
in the coastal wastes with an elevated temperature of around 5oC than the ambient water.  For 
example, the intake volume of sea water in case of North Chennai Terminal Power Plant is 
around 55000m³.  While the fly ash resulting from burning of coal is dumped as a landfill in 
the new power plants at Chennai, the old power plants in Chennai dispose it into the sea, after 
mixing it with sea water.  The concentration of suspended matter exceeds 35000 ppm in the 
slurry.  Localised impact of flora and fauna in the discharge area has been noticed. 

 
The coastal tourism in India in the form of beach tourism and resorts is popular only 

along a few stretches of the coast.  The tourism activities along the coastline of India are 
mostly in the form of day tourists visiting to beaches.  These tourists, mostly in Kanyakumari, 
Rameswaram, Chennai, Visakhapatnam, Puri and Dhiga, utilize the beaches for short-term 
recreational purposes (2 to 3 hours in a day). In view of the presence of large number of 
people in the beach during these limited hours, disposal of solid wastes, which are mostly 
paper products and sometimes polythene bags, is evident.  It has been noticed that during 
several occasions, these polythene bags, which are non-biodegradable, are carried into the sea 
by the winds. 

 
 Along the Indian Coastline there are 12 major ports/harbours and a large number of 
minor ports facilitating handling of large quantum of materials and products ranging from 
sophisticated electronic goods to oil.  The total volume of crude oil, cargo handled in all the 
major ports during the year 1996-97 was estimated to be 51 million tonnes.  These port 
activities contribute to the chronic oil pollution due to operational discharge of waste, mostly 
by medium and small ships of less than 150 GRT, where installation of oil-water separator is 
not mandatory.  The garbage and human waste disposal by these small and medium scale 
vessels, which do not have treatment facilities, also poses problem of organic pollution. 

 

 Mining of Zircon and other rare earth minerals is also being done along Tamil Nadu 
and Orissa coasts.  The mining in sub-surface areas of sea is yet to be initiated in India.  
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Mining of beach sand has not resulted in any adverse impact, as the sand is redumped in 
beaches after extraction of minerals. 

 
The river discharge and drainage area and the total suspended and chemical load 

entering the Bay of Bengal from the six major rivers of the east coast are given in the table 
below (Table –3.2). Besides, there is an annual addition of freshwater, approximately 3000 
km³, from precipitation and runoff. 

 
Table 3.2: Discharge and drainage area, total suspended and chemical load entering                         

    the Bay of Bengal from six major Indian rivers 
 

Load (106/t.yr) 
River Discharge 

(km3/y) 

Drainage 
area (km3) 

x 103 Chemical Sediment Total 

Ganga 493 750 84 329 413 
Brahmaputra 510 580 51 597 648 
Krishna 30 251 10.4 4 14.4 
Godavari 60 310 17 170 187 
Kaveri 21 88 3.5 0.04 3.54 
Mahanadi 67 142 9.6 1.9 11.5 

             Source: Chakrapani and Subramanian (1990) 
 
The annual surface water temperature varies within a narrow range of 27 to 29°C. 

In general, the shelf waters along the bay are nearly isothermal. The termocline, whenever 
found, is usually below 50-55 m and, in some cases, even below 100 to 125 m. 

 
The average values of salinity in the Bay of Bengal are rather low and range between 

30 and 34 ppt (parts per thousand). The low salinity in the bay is mainly due to the diluting 
effects of the river discharge estimated at 71,645 km³. 

 
While circulation of water in the Bay of Bengal is influenced by the monsoon winds, 

coastal configuration governs the water movements nearer the shores. The surface drift on the 
east coast during February to July is in a northeasterly direction and this turns southwesterly 
from September to December in the northern and southern parts of the coast. Occurrence of 
upwelling in the bay is less frequent and, consequently, nutrients are not present in high 
concentrations in the water. 

 
 Siltation, causing reduced primary production and obstruction of the outlets of 
lagoons and estuaries, is another major problem. Large amounts of fertile soils are lost due to 
existing agricultural and forestry practices. Some studies indicate that the sedimentation load 
in the large rivers entering the Bay of Bengal have increased a hundred times in the last 
century. This reduces carrying capacity, both in the terrestrial and aquatic habitats, and the 
long-term consequences can be disastrous in view of the continued population growth.  
 
Non-point sources 

 
India is basically an agricultural country with rice, wheat and cereals as the prominent 

crops in the interior as well as coastal areas.  The agricultural sector consumes nearly 80% of 
the water generated through rivers and underground sources.  Run-off from agricultural and 
horticultural fields mainly reaches the adjoining rivers and backwaters.  It has been reported 
that the quantity of fertilizer used is about 75 kg / ha. (Planning Commission, 1999).  
Large quantity of fertilizer, which is mostly nitrogenous and phosphoric in nature, is being 
used in agriculture.  The resultant chemicals from agriculture are nitrate and phosphate, which 
mostly cause eutrophication of rivers and nearby coastal areas.  The report of eutrophication 
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of coastal waters due to agriculture is only from a very few locations like Hooghly, 
Mahanadhi, Subernarekha, Krishna and Godavari delta. 
 
 In agriculture and horticulture, a variety of pesticides are being used. Most of the 
pesticides belong to phosphorous, carbonate and synthetic pyrethorid groups. The 
consumption of pesticides in India is 0.45 kg per hectare, which is far less compared to 
developed countries like Italy, which consumes 13.3 kg per hectare.  The organo-chlorine 
pesticides like DDT, HCH are not being used in agriculture and they are restricted to 
public health only.  Concentrations of these organo-chlorines are found to be at PPb levels in 
riverine and estuarine fishes. 

 
The Government has already formulated necessary legislation of banning the use of 

bio-accumulative insecticides like DDT in agriculture.  Introduction of new pesticides has 
been regulated through necessary legislation.  The environmental awareness campaigns are 
being launched to deal with excessive uses of pesticides.  

 
Despite priority for poverty alleviation programmes, the Government actions for 

control of land–based activities included, solids waste management through modern 
approaches; cleaning of rivers through programmes like National River Action Plan; 
promotion of adoption of Best Available Technology for treatment of wastes from large 
scale industries and installation of Common Effluent Treatment Plants for small and 
medium scale industries etc.  Schemes like exemption of customs duty for import of 
waste treatment plants, government contribution in installation of common Effluent 
Treatment Plants are also available to the industrial sector. The treatment of sewage 
demands enormous funds and due to paucity of funds, the government is planning to install 
sewage treatment plants, through international and bilateral assistances for funds and 
equipments.  Practices of adoption of watershed approaches for river basins are being 
encouraged to minimize downstream impacts on the coastal areas. 

 
Upland activities like deforestation, damming and diversion of water for irrigation 

and manmade structures in the coastal areas are some of the manmade activities that have 
impact on coastal habitats like mangroves, estuaries, lagoons and beaches.  

 
 The waste disposal through non-point sources like rivers etc., is being dealt under the 
programme National River Conservation Plan (NRCP).  The Ganga Action Plan is already 
operational for treatment of waste arising from the river Ganga and its tributaries.  The 
scheme has been partially successful and proposed to be replicated for other rivers under the 
NRCP.  Under the NRCP, 46 towns and 18 rivers of 10 states namely Andhra Pradesh, Bihar, 
Gujarat, Karnataka Maharashtra, Madhya Pradesh, Orissa, Punjab, Rajasthan and Tamil Nadu 
are proposed to be covered.  On completion, the water quality of these rivers will be improved 
and the BOD levels will be kept within the 3 mg per litter level or less (MOEF, 2000). 
 
Criteria for evaluating the effectiveness of strategies and measures 

 
 One of the best mechanisms for checking the effectiveness of the strategies is 
periodical monitoring and review of all Environmental Management Plans (EMP) prepared by 
the industries, ports etc., and also checking of their compliance through Environmental Audit 
Procedures.  The Ministry of Environment & Forests has already taken up this task through 
establishment of Regional Centre of Excellence under the Ministry.  Since these set-ups are 
under-staffed and need training on different types of techniques and technologies used in the 
industrial and domestic sector, a massive programme to upgrade these centres is essential. 
 
Monitoring 

 
 One of the means to check the effectiveness of environmental practices adopted by 
Municipalities and industries is a Long-term Monitoring Programme with the help of the 
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ambient air and water criteria.  A long-term River monitoring programme is being undertaken 
by the Central Pollution Control Board with the help of the State Pollution Control Boards 
and a Marine Pollution Monitoring Programme undertaken by the Department of Ocean 
Development have yielded considerable results in understanding the status of pollution in 
Indian environment.  While River Monitoring programme has been fully institutionalized, it is 
necessary to institutionalize the Coastal Water Monitoring Programme.  The State Pollution 
Control Boards are to be strengthened to undertake the task of Coastal Water Quality 
Monitoring. 
 
Economic costs and benefits 

 
 The advantage of maintaining the good water and air qualities not only benefits the 
population, which derive the resource environment for their livelihood but also the users of 
environment.  For example, achievement of seawater quality through adoption of 
Environmental Standards and guidelines by Municipalities and Industries will facilities 
augmentation of living resources.  This will benefit thousands of fishermen, who derive their 
livelihood from near shore fishing.  The cleanliness of seawater near cities and towns, due to 
adoption of environment friendly technologies, will result in good seawater quality and 
prevent degradation of beaches, which will promote growth of day tourism along the coastal 
areas of the country. 
 
3.2.2   Sea-based sources of pollution 
 
Impacts of shipping - Operational and illegal discharges 

 
Currently some 40,000 merchant vessels are involved in shipping activities around 

the world with a gross tonnage of about 520Mt. Considering all vessels of 100 gross 
registered tons (GRT) or more, then the total rises to around 85,000 ships with an aggregate 
tonnage of 753 Mt. The miscellaneous category numbers around 40,000 vessels, but accounts 
for only 25 M gross registered tonnes (ICS 1997). Other statistics indicate that including the 
military vessels the world fleet numbers around 105,000 ships with a deadweight tonnage of 
771 Mt.  Military vessels account for 19% of the world’s ships and 11% of its tonnage 
(Corbett and Fischbeck, 1997).  
 

These ships are involved in the transport of materials representative of the product of 
all branches of industry and commerce.  It has been estimated that more than 50% of the 
cargoes carried can be regarded as hazardous or harmful from a safety or environmental point 
of view. In addition, many materials used in the routine operation of the ships have the 
potential to damage the environment and operational ships produce routine emissions to both 
air and water.  Moreover, there are accidental losses of both ships and cargo.  Between 1990 
and 95, total losses of ships total 1467 ships with a GRT of 8.2 million tonnes. Between 1986 
and 1995, world sea borne trade increased by around 45% from 14 billion tonne miles to 20 
billion tonne miles.  Oil and petroleum products increased disproportionately from 5.8 billion 
tonne miles to 9.3 billion tonne miles, an increase of 60% (ICS, 1997).  
 

Marine transport accounts for around 12% contaminants entering the world’s oceans. 
Operational discharges of oil from shipping now comprise around 4/5th of the total of 568,000 
t of oil estimated to enter the marine environment annually from shipping, given that on 
average 120,000 t are lost through accidental spills.  In turn this is estimated at around 24% of 
the oil from all sources into the sea.  Surprisingly, the single largest estimate of oil discharges 
is comprised of around 186,000t of fuel oil sludge. A further 64,000 t is discharged from 
machinery spaces.  This compares to 158,000 t discharged from tanker cargo residues (ICS, 
1997; IMO, 1990).    
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Control of operational discharges from ships falls under the mandate of MARPOL 
73/78, the International Convention for the Prevention of Pollution from Ships.  This 
Convention has been credited with helping substantially to decrease the amounts of oil 
entering the sea from maritime transport activities (ICS, 1997), oil entering the seas from 
these sources has fallen from 1.47 million tonnes to 568,000 tonnes between 1981 and 1989.  
Improvements in engine from technology and changes in tanker loading practices have helped 
to bring about the decrease.  In addition, oil entering the sea as a result of accidental 
discharges has fallen by about 2/3rds over the period from the 1970s to the 1990s.  There is a 
tremendous variability in the amounts of oil lost accidentally from year to year, however, 
since one large incident can significantly increase annual losses. 
 

Illegal discharges of oil are particularly problematic in areas where there is intense 
shipping traffic.  Chemical tankers represent another source of pollutants into the sea.  The 
carriage of chemicals has increased markedly in recent years although it is still regarded as 
low in comparison to oil transport.  It is estimated that up to 15% of all goods carried in 
packaged form by conventional dry cargo ships are dangerous to some degree.  
 
Antifouling paint and TBT 
 
 The relative efficiency in energy terms of marine transport is maintained in part by 
the use of hull coatings designed to prevent the growth of fouling organisms, which increase 
the water resistance of the hull. The most commonly used antifouling preparations use the 
organo-tin compound tributyl-tin (TBT).  This has been described perhaps the most toxic 
chemical ever deliberately used and introduced into natural waters.   TBT is known to be 
acutely toxic to a wide variety of marine macro and microorganisms and thus far, no-effect 
threshold has not been identified.  It is reported that phytoplankton communities can be 
affected by TBT.  Shell malformations characteristic of TBT in commercial oysters have been 
found in waters where TBT could not be detected using current instrumental analytical 
methods.  Current inputs are largely from large shipping since a ban has been placed on the 
use of TBT paints on boats of less than 25m in length by IMO. 
 
Marine litters and debris   
 

Routine ship operations generate waste consisting of ordinary household waste, cargo 
associated waste, damaged fishing nets and ropes, and used medical products.  Most garbage 
is allowed to be dumped at sea with the exception of plastic materials although some regional 
prohibitions on other wastes exist.  The distance offshore at which various categories of waste 
can be dumped is specified under MARPOL 73/78.  The amount of food waste generated is 
in the range of 1.4 – 2.4 kg/person per day and household refuse is generated at the rate 
of 0.5 – 1.5 kg/person/day.   Cargo wastes are generated at the rate of approximately 1 t 
per 123 t of cargo. This will obviously vary according to the type of the ship.  Tankers would 
not expect to generate cargo wastes regulated under MARPOL 73/78, while cruise ships are 
likely to generate large quantities of household refuse.  A passenger vessel will also generate 
around 230 litre of sewage and gray water per person per day although this falls to around 
185 litre per person, if a vacuum system is used. (Olson, 1994). 
 

The regulations imposed by MARPOL, which prohibited plastic waste dumping at 
sea appear to have been only partially successful.  Plastics continue to cause problems 
together with glass, rubber and metal but not all of these are from shipboard activities.  A 
survey in Australia on the fishing debris, it was found that over 2500 km of monofilament line 
were discarded annually from long-liners.  
 

Most research concerning marine debris has focused on shores and beaches. 
Relatively little has been directed at elucidated the fate of debris in the sea itself.  It has 
become evident that offshore sinks exist for marine litter, where plastics and other debris 
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concentrate as a result of hydrographic conditions.  A limited study conducted in the Bristol 
Channel (UK) has demonstrated that this may create problem and cause economic losses to 
fisheries (Williams et al., 1993), through damage to gear or obstructing fishing grounds.  A 
recent study conducted in the A&N Islands has revealed the washing ashore of a 
substantial quantum of marine debris along the shore and coastal regions of Great 
Nicobar and Nancowry Islands, which are of foreign origin. Large quantities of this 
marine debris recorded here, could be due to improper solid waste handling in the 
adjoining countries, which might have drifted along with currents and landed here 
(Dharani et al., 2003).  Floating debris can act as a transport substrate for exotic organisms.  
Debris, which sinks can inhibit sediment/water gas exchange causing anoxic regions on the 
sea floor.  Ingestion of debris can also kill sea birds and turtles. Discarded fishing nets and 
gear can continue to net fish, reptiles, birds and mammals.  In commercial fisheries “ghost 
fishing”, defined as the capacity of fishing gear to continue fish after it has been lost and is 
outside the control of the fisher may significantly add to fishing mortality.   
 

Marine debris arises from both land based and sea based sources.  In both categories 
there is considerable scope for improvement.  In terrestrial environments there is a need for 
wide ranging education of the public in order to build awareness of the wider impacts of litter 
in the marine environment.  In marine systems there is a need to rigidly enforce the provisions 
of MARPOL Annex V and to promote awareness within marine industries. 
 
Introduction of alien species  
 

Human activity has resulted in many species being moved from their native 
ecosystem to other regions where they are not native inhabitants.  The consequences of 
biological invasions as a result of human activity are steadily becoming more serious.  
Control measures have been ineffective and preventive methods are still under development.  
Legislation to prevent the spread of non-native species currently focuses on terrestrial and 
freshwater ecosystems, while coastal and marine habitats have been consistently denied 
similar protection. 
 

The predominant vector for the transport of aquatic organisms from one port to 
another has been identified as ballast water in shipping.  Today world’s 80% commodities 
are transported through ship route.  The nature of ballast water as a transport mechanism has 
changed as the design of boats has been modified.  In the 1990s it was estimated that 3000 
species were being transported around the world every day.  Due to the complex composition 
of the groups of organisms that are transported in this manner, it can be assumed that tens of 
thousands of species are inoculated into foreign waters on an annual basis.  An 
ecosystem can become more susceptible to invasion as a result of over-fishing or 
deliberate introduction of a non-native species for its economic value (Carlton, 1996). 
Alien species thus have the potential to establish self-maintained populations as a result of 
altered conditions in the receiving ecosystem or reaching a certain inoculation concentration.  
Other important methods of introduction include deliberate commercial introductions, 
unintentional introductions associated with such as mariculture and transport by fouling and 
clinging onto ships’ hulls. 
 

The consequences of biological invasions include effects on ecosystems, human 
health effects, etc.  Methods such as pre-invasion control by banning such introductions, strict 
enforcement of the IMO guidelines/ regulations on such introductions and adopting 
precautionary approaches as spelt out in those resolutions on ballast water management and 
changing at sea, awareness creation/education etc., are helpful. Post-invasion control methods 
such as eradication or control of introduced species, including mechanical, chemical and 
biological control methods should be adopted. 
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Some of the operational discharges from offshore industry include, discharge of 
drill cuttings, discharge of produced water, use and discharge of production chemicals.   
 

Clearly there is a need for greater transparency and control of offshore operations.  
While development of waste treatment technologies may contribute to reduction of discharges 
of some chemicals, this solution has limited application overall, particularly with more 
persistent contaminants. A review and tightening of current national and international 
legislation on discharges is essential, including rigorous application of the precautionary 
approach and recognition of zero-discharge as a goal for existing operations.  There is an 
urgent need within international agreements to recognise the importance of ecosystem 
protection as the central goal of environmental regulation, based in turn on a holistic 
appreciation of the diversity and complexity of ecosystem fluxes and processes.   
 
Exploration and exploitation of minerals 
 

The mining of sand in seabed, results in increase in turbidity in the ambient waters, 
which affects the primary productivity by way of limiting the availability of light.  The 
increase in turbidity also affects benthic organisms.  Areas off the Orissa and North Andhra 
coasts are potential offshore mining areas for placer minerals like IImenite, Rutile, Zircon, 
Sillimanite.   
 
Ocean Thermal Energy Conversion (OTEC) 
 

It is likely that India may develop Ocean Thermal Energy Conversion (OTEC) plants 
for electricity purposes either in collaboration with a few foreign countries or indigenously.  
The OTEC plants discharge very high volume of cold waters, which normally are in the 
temperature range of 120°C to 130°C.  These discharges are made on the surface and they are 
likely to cause the decrease of surface temperature to a considerable extent.  Decrease of 
surface temperature more than 5°C is harmful to the plankton and other micro-organisms in 
the sea. 
 
Offshore oil platforms 
 

The oil platforms discharge operational wastes like mud slurry into the surrounding 
environment, which contain oil in traces.  The slurry, when introduced into the marine 
environment, causes mortality of the organisms due to lowering of oxygen levels. This effect 
is significant in productive waters like the West Coast of India.  However, such disposal will 
cause insignificant impact on the deep offshore areas, particularly in oligotrophic waters. 
 
Navigation by ships, tankers, etc. 
 

The western part of the Indian Exclusive Economic Zone, i.e. Arabian Sea adjoining 
peninsular India, forms the main international tanker route for oil tankers originating from the 
Gulf.  It has been estimated that some 434 million tones of crude oil is transported annually 
along this route, involving approximately 2500 laden tankers.  The preferred route is through 
the 9° channel between the Maldives and Lakshadweep Islands, during the Southwest 
monsoon (May to September), and north of Lakshadweep following the 200 metre depth 
curve west of Mangalore, at other times.  Considering the large volume of oil transported and 
high rate of tanker movement the probability of a tanker accident is high.  The last major 
accident in the area occurred in Jan. 1993 and a few thousand tones of oil spilled in the 
Andaman Sea.  Any accidental spillage of oil along the tanker route will cause severe and in 
some cases irreparable damage to the marine ecosystem.  In addition, offshore oil exploration 
and production activities, the transfer operations of oil at single buoy mooring stations, as 
well as in lightering and bunkering operations in the major ports, also cause spillage of oil.  
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Quantum of oil produced and impact of oil on the marine environment 
 

The total quantum of oil produced from the offshore wells of ONGC along the 
Western coast of India is approximately 20 million tones per year.  Besides, approximately 30 
million tons of crude oil is imported from foreign countries.  Over 1600 tankers and ships 
carry this crude oil. 
 

The extent of damage caused by an oil spill depends upon the quantity of the oil 
spilled, type of oil involved in the spillage and the oceanographic and meteorological 
conditions prevailing in the location where the spill has occurred.  40% will evaporate during 
the 24 hours immediately after a spill.  The heavier fraction will be broken down by oil 
degrading bacteria, naturally occurring in seawater.  Barely 1% of the spilled oil may get 
dispersed, suspended or dissolved in water.  All these processes proceed quite fast in warm 
water.  One can, therefore, optimistically presume, in warm tropical waters roughly half of the 
spilled oil will disappear during the first 2 hours after an oil spill.  The surface phytoplankton 
gets completely decimated after a spill.  Zooplankton population will also be affected because 
of the availability of excess oil as they can ingest and excrete oil.  But this process has been 
observed to last 3 to 4 days only.  The other free – swimming organisms such as fish larvae, 
fish, etc., also get affected.  Further, when the oil sinks during the course of time, it affects the 
benthic organisms such as clams.  The operational discharges from ships and tankers do not 
cause any large-scale damage to planktonic organisms.  However, if the discharge is more 
closest to coral reef ecosystems, the thin film of oil formed on surface is likely to prevent air-
sea interaction resulting in decrease of oxygen, which will have an adverse impact on the 
survival of corals and other associated organisms.  The saltpans, mangroves are also getting 
affected due to oil slicks. 
 
Ship-breaking 
 

It is mostly a shore-based activity.  During the ship-breaking activities, the major 
components like engine, etc., are removed and offloaded to the shore.  The hull and other 
steel parts are cut into different sizes and used as scrap.  During the operation, the iron 
particles, oil, the paint containing lead and other chemicals get into the marine environment 
during the receding high tide.  While the soluble matter contaminates the surrounding 
environment, the iron particles and other particles settle on the seabed.  Increased 
concentrations of lead in sea water is lethal to organisms and the iron and other debris settling 
in the sediment causes damage to the benthic organisms particularly the filter feeders like 
clams, mussels, etc.  The oil residues from engine parts also affect diffusion of atmospheric 
oxygen into the sea water.  Nevertheless, all the above impacts are localised and the effect on 
the neighbouring areas depend on the nature of oceanographic conditions prevailing in the 
area. 
 
Ocean dumping 
 

Ocean dumping of wastes is limited to dumping of fly ash by coastal thermal power 
stations.  These fly ashes increase the turbidity of seawater, which affects the primary 
production.  The particles also settle over the seabed and cause mortality of sedentary and 
sessile organisms. 
 
Nature of pollutants and their sources 
 
Trace metal pollution 
 

Organic chemical pollution - sources, chemical complexity, organochlorine pollutants 
such as Polychlorinated Biphenyls (PCBs) – a group of chlorinated pesticides. PCBs and 
chlorinated dioxins have been identified as Persistent Organic Pollutants (POPs). Other 
organochlorine chemicals, polycyclic aromatic hydrocarbons, etc., also show an increase in 
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the coastal/marine environment with the development of industry and concomitant fossil fuel 
consumption.   
 
Nutrient pollution  
 

Nutrients including nitrogen, phosphorous and a range of inorganic and organic 
micronutrients are essential for primary production.  In any one region of the marine 
environment, nutrients may be supplied to the phytoplankton and/or phytobenthos through 
tight coupling of production, consumption and decay processes or by influx of new nutrients 
through upwelling, advection from other areas, inputs from rivers and other land-based 
surface sources and for some nutrients at least through atmospheric deposition.  Primary 
productivity in the coastal and marine environments is generally assumed to be nitrogen-
limited, because of the de-nitrification capacity of estuaries and shallow coastal waters, or 
more rarely, phosphorous-limited.  
 

Given their proximity to land-based nutrient sources, coastal waters tend to be 
richer in nutrients and support higher levels of production at all levels of the 
community, than waters further offshore, with the exception of those offshore areas fed 
by upwelling systems.  Indeed, although coastal waters account for only 10-15% of the 
total sea area, they support approximately 50% of global marine primary production. 
Fluctuations in nutrient supply, resulting from upwelling events, variations in river discharge, 
run-off and precipitation, coupled with the complex physical variability of marine systems, 
can result in strong fluctuations and primary productivity on a short-term, seasonal and inter-
annual basis.  Furthermore, consumption by grazers and the overall complexity and plasticity 
of food-web dynamics, can further complicate natural cycles of phytoplankton biomass and 
production by exerting “top-down” control (Fogg. and Thake, 1987).  
 

Superimposed on this highly complex and unpredictable system are the contributions 
of human activities to the cycling of nutrients and therefore, to their relative availability in the 
marine environment.  While nutrients are essential for marine ecosystem function, problems 
arise “when inputs from the land become excessive/or the ratio between the nutrients is 
substantially changed”.  Whereas exploitation (fisheries) and environmental degradation 
(pollution, ecosystem damage) may impact the plankton primarily through changes in “top-
down” pressure, enhancement of nutrient supply can force “bottom-up” changes by 
stimulating primary production and/or modifying plankton community structure.  Due to the 
proximity to principal sources of anthropogenic nutrient loading, both point and diffuse, 
coastal waters are generally more severely impacted by enhanced nutrient inputs than 
offshore waters (McClelland et.al. 1997).  
 

Demographic changes, - expansion of coastal urbanisation, increase in emissions 
from transport, power generation, changes in agriculture and aquaculture practices, growth of 
human population, disposal of sewage and municipal waste water, etc, are the major sources 
of nutrients. 
 
Consequences of enhanced nutrient loading 
 
Changes in ambient nutrient concentrations and availability 
 

Increased inputs of nitrogen and phosphorous from rivers and direct sewage and 
industrial discharges may be negligible in terms of global oceanic nutrient budgets, but when 
entrained in estuaries, bays and shallow seas, can represent substantial addition to natural 
budget. The poor mixing of nutrient rich coastal waters with offshore waters, and 
accompanying hydrological stability, which generally results from saline stratification, 
enhance the impact further. 
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Cultural eutrophication 
 

The enhanced addition of plant nutrients to the marine environment from the 
anthropogenic sources frequently has the effect of increasing primary production (increased 
algal growth), a process commonly termed “cultural eutrophication”.  In very shallow waters, 
this may manifest as an increase in the biomass of bottom dwelling seaweeds.  Further 
offshore, however, the elevated supply of nutrients may be assimilated primarily by 
phytoplankton leading to significant increases in growth rate and abundance in algal 
populations. 
 

The most visible and consequently most frequently documented impacts of 
eutrophication are substantial increases in the biomass of benthic or planktonic algae.  These 
are often accompanied by shifts in the structure of the planktonic community, an increase in 
the quantity of biomass settling out of the water column, elevation of heterotrophic activity 
and the consequent decline in oxygen saturation of the water column, particularly near the 
sediment-water interface.  
 

Algal blooms can occur as a natural phenomenon in both coastal and offshore waters.  
Nevertheless, numerous studies and reviews have noted an increase in both the frequency and 
persistence of algal blooms in coastal waters and enclosed sea areas over the past 20-30 years.  
 

Impacts of eutrophication include, anoxia, shifts in phytoplankton composition, 
occurrence of toxic algal blooms and changes in higher trophic levels. 
 

Despite the complexity and uncertainty surrounding the impacts of anthropogenic 
elevations of nutrient inputs, there is a wide recognition that action is required in order to 
reverse environmental degradation, which has already taken place and to avoid further 
eutrophication related impacts. 
 
Biological Pollution:  Sewage disposal into the marine environment 
 

Sewage is composed of human excreta in domestic waste with or without industrial 
additions.  It has been estimated that 100 g of raw sewage is produced per person per day and 
that in sewerage systems this translates into a flow of 180 litres per day/person. 
 
Radio-active pollution 
 
 Radio-active isotopes of at least 16 of the 91 naturally occurring chemical elements 
are present in the oceans and possibly there are traces of further 16 (GESAMP, 1990).  
Although 98% of radio-activity in the sea is attributed to natural sources, this gives a miss-
leading perspective on the significance of artificial radio nuclides in marine systems. The 
biological behaviour of many of artificial nuclides is extremely poorly understood. 
 

On the more positive side is the fact that, in spite of large discharges and lack of 
treatment of industrial wastes, pesticide residues and fertilizer leakages - all dangerous to the 
environment in many ways - residues of heavy metals and pesticides seldom exceed health 
limits in fish and other seafood caught in the region. The tropical aquatic food web seems to 
be more beneficent than in temperate habitats. But studies have shown that young herbivorous 
fish here often have higher concentrations of mercury than the top predators, which, in cold 
climates, always have the highest toxic residues. This phenomenon deserves further scientific 
research. The present situation in the Bay of Bengal is not too alarming, but this is no reason 
for complacency; it only means that there is still time for appropriate action to be taken to, at 
least, preserve the Bay as it is, if not improve it. Coastal planning must be strictly vetted and 
rigorously implemented. Ways must be found to curb not only the loss of valuable fertile soils 
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by the side of rivers inland, but also to prevent these soils making coastal waters turbid and 
silting estuaries and lagoons. 
 
3.2.3 Critical habitats 
 
Physical alteration, including habitat modification 
 
 The coastal habitats in India mainly include mangroves, lagoons and estuaries, 
besides, brackish waters and associated ecosystem like mud flats.  Prominent alteration of 
these habitats has been noticed in the lagoons, estuaries and backwaters and little alteration in 
mangroves areas.  The physical alteration of other habitats is mainly due to reclamation of 
land for human activities like human settlement, construction of industries etc.  
Developmental activities like construction of ports and harbors are also contributing to the 
alteration of nearby coastal habitats.  The disturbances of coastal process due to construction 
of breakwater in the ports have led to severe accretion of beach sand on the mouth of estuaries 
resulting in accumulation of land based waste in these water bodies.  Several examples exist 
along the East Coast of India.  The prominent one is being Cooum river mouth close to the 
Chennai port.  About 50 years ago, the Cooum River had considerable freshwater and 
estuarine biodiversity. As the river is filled up with domestic sewage and sledges, it does not 
have any living organism.  Even during the flooding seasons, there has been found to be very 
low recovery of biodiversity. 
 
 Large-scale exploitation of corals by cement industries in Gulf of Mannar has totally 
affected the coral reef areas.  The damming effects in the upper reaches of the rivers have 
changed the course of many rivers. Decreased water flow and sand accumulation at the mouth 
have completely transferred the ecosystem from estuarine through freshwater with very low 
biodiversity due to accumulation of land based waste discharged in the rivers by town and 
cities located along the sides of these rivers. 
 
 Nearly 8 species of marine mammals, 5 species of marine turtles, 1 species of 
hemichordate, 3 species of cephalochordate, 6 species of echinoderms, 2 species of 
Xiphosurans (Meristoma), 15 species of molluscs, 10 species of crab and 1 species each 
of Echiuroid and Brachipod are endangered due to habitat destruction and over-
exploitation (MOEF, 2000), based on IUCN norms. Certain commercially threatened 
marine finfish due to indiscriminate fishing are the whale shark Rhincodon typus, marine 
catfish of the genera Tachysurus and Osteogeneiosus, the white fish Lactarius lactarius, the 
flat head Platycephalus maculipinna, the threadfins Polynemus indicus (Dara) and P. 
heptadactylus, and sciaenids Pseudoscaeiena diacanthus (Ghol) and Otolithoides brunneus 
(Koth), the perch Pomadasys hasta and the eel Muraenosox. 

 
Several physical, chemical and biological processes are active in the coastal zone and 

marine environment of the country. Physical and chemical processes help to develop and 
sustain biological process. Mangrove ecosystem depends on the water level fluctuations due 
to tides. The breaking of waves provides the turbidity for the sustenance of corals. The coast 
of the country experiences a high dynamic environment. A large amount of this energy is 
dissipated only when waves reach the shallow coastal waters inducing different coastal 
processes like sediment transport and coastal erosion. 
 
Tides and currents  
 
 Around South Indian and Lakshadweep coasts the tides are micro-tidal with a range 
of around 1 m.  Tides up to 2 m are observed in the Andaman seas. Along the northwest and 
northeast coast the tides are macro-tidal with 10-12 m in the Gulf of Kuchchh and 4m in 
Bengal Coast. Sediment transport and to a certain extent, coastal erosion in near shore zone 
are dependent on littoral currents.  
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Sea level variations  
 

Changing sea level is one of the major factors influencing coastal evolution. As sea 
level rises, the reach of active marine forces like waves is raised relative to the land surface. 
The may lead to coastal erosion and drowning and estuary infilling.  Many studies have 
indicated that sea level has been raising for the last 100 years. Recent estimates of global 
mean sea level rise vary from 1.0mm to 1 m per year during the next century. The estimated 
sea level rise for different stations along the Indian coasts is 0.3 mm/yr for Mumbai, 1.68 
mm/year for Goa and 2.2 mm/yr for Kochi. This will have significant effects on low lying 
coastal areas resulting in shoreline retreat and erosion.  
 
Storm surges and flooding  
 

Storm surges induce major changes on sandy beaches of India.  Sudden changes in 
wave energy and breaker structure erode fair weather beach deposits.  The most dramatic 
impact of storm surges occur on dunes in East Coast, particularly where continuous parallel 
dune ridges are present.  Heavy loss of lives and damage to properties always accompany 
storm surges in certain parts of the Country. Salt intrusion and ground water contamination, 
are also part of storm surge damages. 
 

The coastline of Bay of Bengal is subject to some of the most severe storm surges in 
the world. The 1999 "Super Cyclone" which devastated the Orissa Coast was one of the 
severest that hit Indian Coasts. 
 
Coastal Erosion/accretion 
 

Coastal erosion is one of the most important coastal processes, which has the 
maximum impact on coastal activities. The process of erosion and accretion occurs mainly 
due to anthropogenic activities and also due to natural phenomena. Large-scale natural 
erosion in the country is observed along Orissa coast, which is mainly due to super cyclone. 
Natural erosion is predominant along east coast since rough sea conditions and strong long 
currents are experienced here. Sandy beaches, which constitute 49% of the coast is the most 
susceptible to erosion and also to accretion. Every year, along with monsoonal high waves, 
sandy beaches get eroded. Under normal circumstances, the eroded material is brought back 
to the coast during post monsoon months. The maximum range of shoreline fluctuation due to 
this is 50m to 60m.  
 

A variety of human activities add to country's coastal erosion.  Coral mining, 
destruction of coastal vegetation, inappropriate location and design of coastal structures, sand 
mining and reclamation of mudflats and flood plains are the major anthropogenic activities 
resulting in coastal erosion in the country. Mining of coral has resulted in erosion in some of 
the islands in Lakshadweep and Andamans. Similarly removal of coastal vegetation, 
especially in mudflats loosens the sediment and causes increased erosion, which is seen along 
some parts of Orissa, West Bengal and Tamil Nadu coast. Construction of harbours has 
caused erosion problems in many areas along the Indian coast. The construction of the 
navigational channel of Paradip and constant dredging cause serious erosion, threatening the 
very existence of some of the near by coastal stretches. The navigation channel maintenance 
in Hooghly estuary (Calcutta and Haldia are two major inland ports here) is causing serve 
erosion problems in Sagar and Nayachar islands. The Chennai harbour is another area where 
the construction of the harbour and maintenance of navigational channels have altered coastal 
geomorphology.  

 
Remote sensing studies have shown that some of the areas of the east coast of India 

have depositional tendencies. The Chilka Lake (Orissa) and the Pulicat Lake (Andhra 
Pradesh) are being silted up. The Krishna and Gouthami-Godavari delta are prograding. 
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Progradation of coast is also noticed near Vedaranyam in Tamil Nadu. Most of the spites in 
the east coast are growing. However, spits near the Mahanadi and Vasistha - Godavari are 
being eroded. Similarly the beach at Dhiga in West Bengal is also getting eroded.  
 

The coastal structures like breakwater, which form part of the ports, cause erosion 
and accretion of coastal areas.  This is prominent along the East Coast, where littoral drift is 
very strong.  The obstruction of littoral drift by breakwaters causes accretion on the southern 
side and erosion on its northern side.  It has been estimated that, due to construction of 
backwaters for Chennai Port, there is an annual accretion of 1.5 m of sand in the southern 
part, while there is erosion at a rate of 1.7 m per year in the Northern part.  The location of 
ports, close to the river mouths, particularly Paradeep along the Orissa Coast led to accretion 
in the deltaic area resulting into the poor exchange of sea water in the Mahanadhi estuary. 
 
 Destruction of marine habitats has also been causing great concern over the future 
of fisheries in the region. Coral reefs and mangroves are degraded in all countries bordering 
the Bay and many coastal areas are overexploited. The delicate balance between marine life 
and such coastal habitats as lagoons, estuaries, mangroves and coastal wetlands is disturbed 
almost everywhere.  
 
 The mangrove forests, tide-flats, beaches, lagoons/estuaries, sea grass or kelp beds, 
coral reefs – the critical areas/habitats or the ecosystems, need to be focused for management 
and conservation. The management strategy of these critical habitats should be based on the 
detailed knowledge of resource vulnerabilities and a candid examination of conservation 
issues. 

 
The physical alteration of the habitats is reported in the lagoons like Chilka and 

Pulicat along the east coast.  Due to reduction in the fresh water flow into the lakes during the 
dry months the lagoon area decreases to 2 to 5 %.  Due to heavy deposition of sand on the 
mouths of these lagoons, the entry of seawater is also restricted. As a result, the ecosystems 
are under stress with constant fluctuations in the biodiversity composition.  The coastal 
developmental activities like construction of ports and harbours have also caused erosion of 
beaches, which form habitats for molluscs and crustaceans.  The changes in the river courses 
and alteration in the flow of water have changed the geomorphology of the mangroves as well 
as the backwaters, which form the breeding and nursery grounds of commercially important 
fishes.  The reduction in the water area in the Pichavaram mangroves has become a common 
phenomenon in the recent years.  Further, conversion of mangrove areas for shrimp culture in 
Sundarbans and Coringa have also led to reduction in the mangrove areas. 

 
The following table (Table-3.3) gives information on the characteristic features and 

ecologically sensitive areas in each of the four states and 2 UTs of east coast of India: 

Table 3.3: State-wise (East Coast) Characteristic features and Ecologically sensitive areas 

State/UT Characteristic features Ecologically sensitive areas 
 

Andhra 
Pradesh 

Coast length – 974 km. The coastline 
is smooth and long with inundations, 
deltaic and marshy. Godavari and 
Krishna rivers empty into Bay of 
Bengal. Port at Visakhapatnam & 
fishing port at Kakinada 

2/3rds of Pulicat lake, the second 
largest salt water lagoon in the 
country. Mangroves at Godavari 
and Krishna delta.  Coringa the 
second largest mangrove 
ecosystem on the mainland.  Wild 
Life Sanctuary at Kolleru Lake.  
There are 14 sanctuaries.  
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State/UT Characteristic features Ecologically sensitive areas 
 

   
Orissa Length of coastline – 480 km. Coast 

is depositional, formed by Mahanadi, 
Brahmani and Baitarani delta.  Port at 
Paradip. 
 

Wild Life Sanctuary at 
Bhitrakanika.  Mangroves in the 
Mahanadi delta.  Largest lagoon 
in Asia – Chilka lake. 

Tamil Nadu 
  

Length of Coastline – 1076 km.  
Narrow belt of sand dunes, low-lying 
beach, plains mostly formed by rivers.  
Two major, two intermediate and two 
minor ports.   

Tuticorin – Pearl and chank beds, 
coral reefs and sea grass beds at 
Gulf of Mannar – Marine 
National Park, Wild Life 
sanctuary at Vedaranyam, 
Mangroves at Pichavaram and 
Muthupet 
 

West Bengal Coast length – 158 km.  Ganga  
Brahmaputra River systems create 
large intertidal, deltaic plains.  
Hoogly mouth is uneven formed by 
massive sedimentation, coast sand 
riffed with innumerable tidal creeks 
and estuaries. 

Sundarbans – largest mangrove 
forests, swamps and backwaters. 

Pondicherry Coast length – 45 km.  -  
Andaman & 
Nicobar islands 

Coast length – 1912 km. 540 islands 
of volcanic origin, irregular coast, 
limited shelf area, mostly inundated 
by bays, inlets, estuaries and lagoons. 

Mangroves and coral reefs, 16 
National Parks and 94 Wild Life 
Sanctuaries. 

 
(Source: Ministry of Agriculture, Hand Book on Fisheries Statistics, 2000 & Ramachandran. S., 2001)  
 
3.2.3.1 Mangroves 

 
Mangroves are the tidal forests of coastal wetlands, existing in the intertidal zones of 

sheltered shores, estuarine tidal creeks, backwaters, lagoons, marshes and mudflats of the 
tropical and sub-tropical region of the world. These forest ecosystems support a wide array of 
living resources and protect the coastal zone, thus helping in improving socio-economic 
conditions of the coastal communities and protecting the coastal/marine environment.  
Mangroves are one of the most productive ecosystems, which can efficiently fertilize the sea, 
potentially protect the coastal zone and vitally serve as a breeding, feeding and nursery 
ground for fin/shell fish species. However, world over, mangroves are facing degradation, 
mainly due to anthropogenic pressure wherein, the mangroves are used as fodder, fuel, timber 
and the areas being converted for aquaculture and other developmental purposes. Loss of 
mangroves is a serious environmental and economic concern and so immediate efforts are 
required to protect these critical habitats. 

 
Mangroves are able to grow well on shores that are sheltered from wave action. They 

mangroves may penetrate some distance upstream along the banks of rivers. They are 
particularly well developed in estuarine areas of the tropics, where they reach their greatest 
area extent. Mangroves can also be present along the coral reefs and are protected from 
excessive wave attack by wave breaking on the fringing reefs. 
 
Mangroves in India – an overview 

 

The mangrove areas in India are generally categorized as deltaic, estuarine, 
backwater, sheltered and insular bay. The total area of mangroves in India is estimated at 
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6740 sq. km. This covers about 7% of the world's mangroves. The World's total mangroves 
span over 30 countries with a total area of 99,300 sq. km. The area under mangroves in India is 
listed in the following table (Table 3.4):  

 
Table3.4: Distribution of mangroves in India  

 

Sl. No. State/Union Territory Area (sq. km) 

1. West Bengal (The Sundarbans) 4200   

2. Andaman and Nicobar islands  1190 

3. Maharashtra (Ratnagiri, Vijayadurg, Malvan, Devgad etc.) 300 

4. Gujarat (including the Narmada, the Tapti and Gulf Mangroves) 260 

5. Andhra Pradesh (the Godavari and Krishna) 200 

6. Goa 200 

7. Orissa (all deltaic and coastal Mangroves, including the 
Mahanadi area) 

150 

8. Tamil Nadu (the Cauvery and adjacent coastal stretch) 150 

9. Karnataka (Kundapur and Malpe etc.) 60 

10. Kerala Coast 30 

 Total 6740 

(Source: MOEF,1989) 
 
About 24 million hectares of mangrove forests are reported to be occurring in the 

coastal areas of sub-tropical and tropical countries, of which about 0.68 million ha exist in the 
coastal areas of our country, mostly in the east coast including Andaman & Nicobar Islands.  
Along the Indian coastline about 45 species of mangroves have been reported. The most 
dominant genera to which they belong are Rhizophora, Avicennia, Bruguiera, Sonneratia, 
Canocarpus, Heretiera, Xylocarpus, Ceriops and Excoecaria.      

 
Mangrove ecosystems provide a valuable physical habitat for a variety of flora and 

fauna. The organic matter exported from the mangrove habitat is utilised as a food source by 
the innumerable finfish and shell fish species, which inhabit the estuaries, lagoons, near-coast 
waters, coral reefs, seagrass meadows, etc. Shoreline mangroves act as a buffer against storm-
surges that would otherwise have a more damaging effect on low-lying land areas. They also 
stabilise coastal shorelines and prevent erosion and consequent loss of land. They also help in 
maintaining coastal water quality by extracting chemical pollutants from water. 

 
The mangrove ecosystem is fairly resistant to any kind of environmental 

perturbations and stresses, but are sensitive to excessive siltation or sedimentation, major oil 
spills, water stagnation, reduced or abnormally higher salinity levels, etc, which destroy the 
mangroves. One of the major problems that affect the mangroves is the human desire to 
convert these areas into residential, commercial, industrial, agricultural areas and for 
aquaculture purposes.  

 
From India’s point of view they also provide shelter for a spectrum of wild life, 

particularly for tiger and crocodile under the “ Project Tiger” in Sundarbans and “ Crocodile 
Sanctuary” in the Mahanadhi delta. 
 

Since mangroves can establish themselves only where there is no significant wave 
action, the first physical condition noted in the mangrove areas is that the water circulation is 
minimal. The lack of vigorous water circulation has significant effects. Slow water movement 
means that the fine sediment particles tend to settle and accumulate at the bottom.  The result 
is an accumulation of mud, and hence, the substrate in mangroves is usually mud.  Mangroves 
also have the ability to grow on many types of substrates, so it is not unusual to see small 
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islands of mangroves even on coral rock or sand.  However, the extensive mangrove forests 
appear to flourish only on mud or fine-grained sediments.  

 
Tide is another important physical factor.  The tidal range and type of tide vary across 

the geographical range of the mangroves.  Mangrove forests develop only in shallow water 
and inter-tidal areas and are thus strongly influenced by tides. Tidal action is important 
indirectly in a number of ways.  Tidal action helps in excluding other competitively superior 
vascular plants permitting mangroves to exist and to penetrate inland.  Tides transport 
nutrients into and export material out of mangrove forests and also aid in dispersing 
propagules. Finally, the action of the tides prevents soil salinities from reaching lethal levels 
in areas of high evaporation.  Evaporation of water from soils makes them hyper saline.  
Hyper salinity tends to reduce the mangroves, creating barren lands. Perhaps these are the 
reasons as to why the mangrove communities reach their greatest development where there 
are large tidal fluctuations.  

 
Full development of mangrove forests is thus found in areas of high rainfall or in 

areas where rivers furnish enough fresh water to preclude the development of hyper saline 
conditions.  Tidal range is also an important factor.  Wherever the tidal range is small, the 
intertidal zone is restricted, and formation of mangrove forests is also restricted.  The most 
extensive forests are developed on shores that have a substantial vertical tidal range 
(Nybakken, 1988). 

 
Mangroves trap fine sediments that are carried into the coastal zone by floodwaters, 

and there is a significant net export of nutrients from the mangroves into the coastal zone, 
which acts as a source of enrichment for the marine environment. Mangroves prevent 
inorganic nutrients being sunk in the sea through swift flowing terrestrial runoff and 
synthesise organic matter absorbing the inorganic nutrients. Hence various inorganic nutrients 
from the terrestrial runoff are recycled within the mangrove environment.  

 
Leaf litter production by mangrove plants contributes largely to the organic matter 

available to the ecosystem. Thus the terrestrial and aquatic components of mangrove 
ecosystem contribute to each other enabling high productivity of the ecosystem.  Due to their 
productive nature, they serve as nurseries for prawns, crabs, lobsters, and various finfishes.  
Mangroves also shelter a number of endangered animals such as crocodile, turtle and pelican. 
Mangroves offer a variety of commercial utilities in the form of wood for timber and fuel, 
fodder for cattle and with substances of commercial value such as lignin, tannin, etc.  It is 
scenic and an excellent place for pleasure boating.   

 
Mangroves have been exploited by mankind for various uses, such as fishing, 

aquaculture and salt production, felling for timber and fuel wood, for substances of 
commercial importance, tourism, etc.  These human interventions along with the natural 
forces such as waves, currents, tides, storms, rainfall, fresh water runoff, etc. have caused 
changes in mangrove areas world over.  

 
Worldwide mangroves are disappearing at an alarming rate.  In some developing 

countries about 80% of mangroves were lost in the last 20 years.  The largest mangrove areas 
occur in Indonesia (30%), Brazil (10%), Australia (8%) and Nigeria (7%), but in India only 
3% of mangroves occur (Mastaller, 1996). 

 
Understanding the importance of mangroves, some case studies were undertaken by 

the Department of Ocean Development through the Integrated Coastal and Marine Area 
Management (ICMAM) Programme of the “Environment Management Capacity Building” 
Project of the Ministry of environment & Forests funded by the IDA, covering the three major 
mangrove ecosystems in the east coast, viz. Sundarbans (West Bengal), Coringa (Andhra 
Pradesh) and Pichavaram (Tamil Nadu), using the modern technological tools such as Remote 
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Sensing and Geographical Information System (GIS).  These are summarised and given 
below.   
 
3.2.3.1.1 Sunderbans mangroves, West Bengal, India   

 
Sundarbans, formed from sediments deposited by three major rivers, the Ganges, 

Brahmaputra and Meghna, converge in the Bengal Basin covering about 9,600 sq. km of 
mangrove forest and water, is a part of the world's largest delta (80,000 sq. km).  While about 
55-60% of the total area lies in Bangladesh, the remaining 40-45% lies in West Bengal, India. 
A network of interconnecting waterways intersects the entire Sundarban area. Some of the 
larger channels are often a kilometre or more in width and run in a north-south direction.  

 
Mangroves are the most dominant flora in Sundarbans. Out of 50 species of 

mangroves recognised world over, 35 species are occurring here. Sundarbans derive its name 
from a particular mangrove species known as Sundari tree (Heritiera fomes).  

 
In the year 1973, 2585 sq. km of this mangrove forest situated in the eastern part and 

adjoining Bangladesh was declared a Project Tiger Area with the objective of protecting and 
conserving the famous Bengal Tigers of these forests. With this aim in view, a core area 
totally protected from all human interference and a buffer area in which resources could be 
used in a sustainable basis, were created. Within the Sundarbans Biosphere Reserve there are 
three Wildlife Sanctuaries and the core area was subsequently declared as a National Park. 
Within the Core area of the reserve forest an area of about 124.40 sq. km was preserved as a 
"Primitive Zone" to act as "Gene Pool". 

 
The Sundarban Biosphere Reserve (SBR) declared in 1989 is one among the three 

marine biosphere reserves in the country. The main objective of the marine biosphere reserve 
is protection, conservation and judicious utilization of the marine environment.  The reserve 
has an area of 4,263 sq. km of mangrove forest. The Sundarbans Project Tiger, National Park 
and the three Wildlife Sanctuaries namely Sajnekhali Wildlife Sanctuary, Lothian Island 
Sanctuary and Haliday Island Sanctuary are located within the biosphere reserve. The other 
areas in the reserve are habitations and cultivated fields. People living in these forest areas are 
predominantly either fishermen or farmers. 

 
Sundarbans Biosphere Reserve (SBR) has been classified into a core zone, 

manipulation zone and a restoration zone that conform to the buffer zone and transition areas.  
 

Core zone (1700 sq. km) - coincides with the Project Tiger Area. 1330 sq. km of this core area 
constitutes the Sundarbans National Park (Figs. 1). 
         
Manipulation zone - consists of 2225 sq. km of forest area where restoration of mangrove 
vegetation and silviculture activities are carried out along with research, education and 
training. This zone also comprises 5460 sq. km of agriculture area where eco-development 
activities are carried out with local communities.  

 
Restoration zone – 245 sq. km where restoration of mangroves and other conservation works 
are carried out  
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The details of classification of the various zones are given in Table –3.5.  
 

Table 3.5: Details of Classification of Zones in Sundarbans Biosphere Reserve 
                                                                                                           (Area in Sq. km) 

 
Manipulation Zone 

Zone Area Total 
area Fores-

try 
Agricul-

ture 

Restoration 
Zone 

I Between Sagar Mohisani Ghoramara and 
Sand Head Group of islands 90 - 75 15 

II Between Mohisani Island on West & 
Thakuran river on the East 900 - 700 200 

III Between Thakuran and Matla rivers 1600 1370 200 30 

IV Core Area STR 1692 Core area of biosphere reserve 

V Buffer zone of Tiger Reserve 893 893 - - 

VI Settlement area north of the Forest area of 
Tiger Reserve and East of Matla 4455 - 4455 - 

 Total area:  9630 2263 5430 245 

(Source: Sundarbans Biosphere Reserve, MoEF Project Document 10, 1989) 
        

The Sundarbans Biosphere Reserve (SBR) (Fig.2) stands distinguished from all the 
other mangrove sites in the world due to the following reasons, which are unique to this 
region:  

 
Ø (SBR) The single largest mangrove forest in the world. 
Ø The only marshy mangrove tiger land in the World Heritage Site. 
Ø Houses a very high biodiversity with unique flora and fauna. 
Ø Offers effective protection and acts as a natural barrier against storms and erosion.  
Ø Tidal amplitude and fluctuations of the Sundarbans mangroves is very high (7 m). 
Ø A home to many endangered species like Royal Bengal Tiger (Panthera tigris), 

Estuarine crocodiles (Crocodilus porosus), Marsh crocodiles (Crocodilus palustris), 
Fishing cat, Wild pig, Deer and Marine turtles (Lepidochelys olivacea, Eretmochelys 
imbricata and Chelonia mydas). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                         Fig. 2.  Satellite Imagery of Sundarbans Biosphere Reserve (SBR) 
 

There are 54 islands interspersed by innumerable rivulets, tidal rivers and creeks that 
were originally covered with thick and impenetrable mangrove forests. Sagar Island is the 
largest one, which is now fully inhabited. Each island with its discontinuous land mass is 
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surrounded and traversed by the water system of various width, which regularly flood the 
landmass. The Sundarbans have numerous rivers, creeks and channels. It is bounded in the 
west by the river Hooghly and on the east by the Saptamukhi River. All the rivers are 
crisscrossed by canals through which tidal water flows in and out leaving alluvium rich soil 
and clay-mud in the banks, which are the habitat for myriads of flora and fauna. This network 
of canal with mudflats offers a natural protection to the forests in the Sundarbans.  
 
             Sundarbans is a low-lying floodplain. Most of the silt, carried by the Ganges and the 
Bramhaputra, is lost in the trench of the Bay of Bengal. A large quantum of the silt is 
deposited on the shore of Eastern Side causing accretion particularly in the southeastern 
region and forwarding the coastline towards the sea.  
 

The coastal morphology is influenced by a high annual sediment load carried by a 
vast anastomosis of rivers coupled with strong tidal and wind actions. The high sediment load 
exerts a basic influence on the coastline and helped by the circulation system, result in a net 
accretion of the sediment and erosion of the southwestern part. The rivers also carry untreated 
municipal wastes, industrial effluents, agro-chemical residues, etc. 
 

Sundarbans enjoys tropical monsoon type of climate. The average annual rainfall of 
the region is around 1750-1800 mm. More than 80% of the total rainfall occurs between June 
and September. During summer the maximum temperature varies between 26o C and 40o C. 
The climate is pleasant during winter with the temperature rarely descending below 10o C. 
Salinity in the aquatic environment of Sundarbans varied between 13 ppt and 30 ppt with 
higher values in April (i.e. Summer month), lower in November (i.e. Post-monsoon month) 
and intermediate in July (i.e. Mid-monsoon). 
 

Humidity ranges normally between 70% and 80%. This region is exposed to storms 
and cyclones. Cyclones, tidal waves and storms are very common in the southern region of 
the district as this area lies in the path of the cyclones emerging from the Bay of Bengal. 
When these cyclones, in the form of monsoon depression, synchronize with high tides, they 
can cause havoc in the coastal villages. The forest blocks serve as admirable breakwater 
against the ocean, preventing the inundation of agricultural land and loss of life and property. 
Between 1891 and 1989, over 440 cyclones have crossed West Bengal. 
 

Tidal amplitude in the Sundarbans is very high reaching almost up to 7 m.  Due to 
this high tidal fluctuation and high tidal amplitude, most of the mangrove forests in 
Sundarbans get inundated very frequently with the tidal water. However, during the low tide 
period when the tidal water recedes, most of the vegetated mangrove forest floor is exposed to 
atmosphere. The resulting dynamic condition favours the most suitable ecological niche for 
the growth and spread of diverse groups of mangrove species in the Sundarban areas.  
 
Major habitats in Sundarbans 
 
Mangroves 
 

The Indian part of Sundarbans lying between Hooghly River in the West and 
Raimangal in the East grows in hundreds of deltaic islands, which are distributed over a total 
area of 9630 sq. km. The mangroves are very dense and the species diversity is of the highest 
order when compared to the other mangrove areas in the world. Several endemics, threatened, 
endangered and rare flora and fauna are found in Sundarbans, which prompted IUCN to 
declare this pristine environment as one of the World’s Heritage Sites.  
 

In Sundarbans 35 species of mangroves are found. There is a distinct zonation of 
different mangrove species along the intertidal slope reflecting their adaptation to different 
prevailing ecological factors viz., duration of tidal inundation and exposure, salinity, sediment 
characteristics, etc.  The zonation of mangroves in the eastern and western side of Sundarbans 
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is quite distinct and shows specific patterns. While the western side is dominated by 
Avicennia sp., the eastern side is clearly dominated by Excoecaria sp.  
 

The zonation of mangroves in the core region as identified in the intertidal river flood 
plains includes both overlapping and non-overlapping nature of forests. Avicennia, 
Excoecaria, Rhizophora and Ceriops are the widely dispersed taxa in the intertidal flats. 
However, Sonneratia sp., maintains a unique identity of its own by appearing in the lowest 
intertidal zone. It exhibits a distinct non-overlapping character from the major cluster of other 
mangroves that occur in the middle to upper intertidal zones. Heterogeneous distribution of 
Avicennia sp., Excoecaria sp., occurs covering large areas of land both in the core and buffer 
area and in different parts of the intertidal flats and they generally occur in the following 
combinations namely  (i) Excoecaria - Avicennia -  Phoenix (ii) Phoenix – Excoecaria – 
Ceriops (iii) Ceriops-Rhizophora-Excoecaria–Avicennia (vi) Avicennia-Excoecaria-
Sonneratia (v) Nypa-Ceriops-Excoecaria (vi) Avicennia-Rhizophora and (vii) Rhizophora-
Avicennia-Ceriops- combination. 
 

The zonation of mangrove vegetation in the western side of the Sundarbans such as 
Lothian, Bhagatbatpur range, showed that the seaward edge of the forest is endowed with 
saline grass Porterasia coaretata, which are followed towards landward side by Avicennia 
officinalis, A.alba, Acanthus ilicifolius, Excoecaria, Bruguiera gymnorhiza, Sonneratia 
apetala, Ceriops sp. and Phoenix sp. 
 

The total area under mangrove vegetation alone in the Sundarbans Tiger Reserve area 
and D.F.O 24 Parganas (South) as calculated using Remote Sensing data is given in the 
following Table-3.6. 

Table 3.6: Distribution of Mangroves in Sundarbans 
 

Jurisdiction Area in sq. km 
Sundarbans Tiger Reserve  
Haldi camp  248.87 
Chamta camp  311.30 
Netidhopani camp 113.14 
Dobanki camp 126.47 
Khataujhuri camp 151.36 
Floating camp I – Gona and Bhagmara 218.59 
Floating camp II – Arbesi 90.03 
Floating camp III – Jhilla 77.49 
D.F.O 24 Parganas (South)  
Bhagabatpur Range 85.93 
Ramganga Range 164.90 
Bidya Range 146.10 
Bakakali Range 2.87 

Total 1737 
 

Tigers  
 

Sundarbans is the home for the largest single tiger population in the world.  Out of the 
total area of 4263 sq. km of Indian Sundarbans, about 2585 sq. km falls under Sundarbans 
Tiger Reserve. The total tiger population in the Sundarbans Tiger Reserve presently is about 
260. 

 
Turtles 
 

Three species of Marine turtles (Lepidochelys olivacea, Eretmochelys imbricata and 
Chelonia mydas) nest here.  
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Crocodiles 
 

The estuarine crocodiles (Crocodilus porosus) and marsh crocodiles (Crocodilus 
palustris are also found in this region. The highly successful Bhagabatpur Crocodile Project 
is located here. 

 
Avifauna 
  161 species of birds have been recorded at Sundarbans.  

 
Water quality in Sundarbans – a comparison 
 

As per the Environmental (Protection) Act, 1986 (29 of 1986) (EPA), the Sundarbans 
mangroves have been classified under the “Ecologically Sensitive Zone (class – SW-I 
waters)”. In the following table (Table-3.7) the water quality of Sundarbans is compared 
against the standards set for the SW-I waters by Ministry of Environment and Forests (MoEF, 
1998).    
 
Sediment quality 
 

Sediment exhibits varying percentage of organic carbon ranging from 0.03 to 0.77%. 
The nutrient (N & P) content in sediment is more or less conspicuous ranging between 40 and 
335 µg/g for phosphorus and 66 and 240 µg/g for nitrogen. Among heavy metals, Pb 
concentration is found to be comparatively higher than others. Bacterial growth including 
pathogens is also encountered. 
 

Table 3.7: Water Quality in Sundarbans Waters – a  Comparison 
 

S.
N
o 

Hydrological 
Parameters 

Standards set 
by MoEF In Sundarbans Remarks 

1. pH Range 6.5 – 8.5 7.7 – 8 Within permissible limits. 
2. Dissolved 

Oxygen 
3.5 – 5.0 mg/l 3.3 – 3.5 mg/l DO values are low due to high 

values of suspended solids 
3. Suspended 

Solids 
None from 
sewage and 
industrial 
effluents 

42.0 – 164mg/l High values observed due to 
Sedimentation, sewage and 
industrial effluents predominantly 
from Matla – Hooghly estuary. 

 
As per EPA notification published in December 1998, the ecologically sensitive zone 

should be safe and relatively free from hazardous chemicals like pesticides, heavy metals and 
radionuclide concentration. However, high values of pesticides (water samples) and heavy 
metal (sediment samples) have been observed in Sundarbans (Table-3.8).  
 

Table 3.8: Pesticide and Heavy metal values in Sundarbans waters 
 

S.No Pesticide/ Heavy Metals Range 
1. DDT -  ng/l 101 – 7321  
2. Endosulphan - ng/l 13 – 586  
3. Lead - µg/g   28.5 – 100  
4. Cadmium - µg/g 1.1 – 2.1  
5. Mercury - µg/g 0.1 – 0.5  

 

Biodiversity of Sundarbans  
 
A number of rare and endangered species have been recorded in this region, which 

include Salt Water Crocodile (Crocodilus porasus), Gangetic dolphin (Pratanista gangotica), 
Olive ridley turtle, (Lepidochelys olivacea), Hawk's bill turtle (Eretmochelys imbricate), 
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Green turtle (Chelonia mydas). A total of 1562 species have been recorded from this area in 
the past (Table –3.9).   
 

      Table 3.9: Status of biodiversity in Sundarbans (1995) 
 

Name of the Kingdom 
/Phylum No. of families No. of species Remarks 

Bacteria      …            . … 22  
Algae          …            . … 16  
Fungi          …            . … 184  
Plants         …            . 31 69  
Protista       …            . … 43+11  Parasitic + free living 
Animalia     …            .    
Porifera     . 1 1  
Cnidaria 15 24  5 species - old record 
Ctenophora 2 2  
Platyhelminthes  13  Parasitic 
Nemathelminthes … 67  Freeliving 
Nemerteans … 2  
Annelida 20 78  6 spp oligochaetes + 3 spp of leeches 
Rotifera 2 4  
Mollusca 57 130  
Echiura 1 4  
Sipuncula 1 1  
Ectoprocta 1 3  
Arthropoda    
             Crustacea 31 182  
            Insecta - 162 Majority terrestrial, a few freshwater and 

estuarine 
 Merostomota 1 2  

             Arachnida  33  
             Chaetognatha … 4  
             Echinodermata 10 20  6 from the estuary, rest from sandheads 
             Hemichordata    
             Chordata … 1  Endemic 
             Pisces 55 156 42 intertidal benthic 
             Amphibia … 5 None from the river 
             Reptilia  … 56 23 Aquatic. Mostly based on old records 
             Aves 62 163  30 species in the lower reaches  
             Mammalia … 40 11 Aquatic + terrestrial 
Mangroves and 
associated sp 

… 64 35 true mangroves 

Total of the estuary  1562  
  (Source: Subba Rao, ZSI, 1995.) 
 
Socio-economic conditions prevailing in Sundarbans 
 

Approximately, a population of 3.2 million inhabits this vast saline tract. People are 
poor and they subsist on single crop agriculture, fishing, honey and wood collection from the 
forests. In the absence of any alternate employment, they depend on traditional skills to earn 
their livelihood and depend largely on forest resources like firewood, timber wood, honey, 
beewax, Golpata (Nypa sp.) and tend to resort to illegal practices like poaching and felling. 
They collect tiger shrimp seeds in large numbers there by causing damage to juvenile fish 
stock and mangroves. It is estimated that for every tiger shrimp seed collected, over 400 
seed of other fish/shellfish are reported to be destroyed (Vyas, 2001).   
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Agriculture is highly unbalanced and mostly monoculture and the daily income of the 
local people involved in agriculture are as low as Rs.5 to Rs.12 per day. A sizeable number of 
people depend on illicit woodcutting and honey collection from the forests. It is estimated that 
each year about 5000 fishermen and 500 honey collectors and cutters enter the deep forest 
area in search of livelihood, ignoring the threat from tiger attacks.     

 
Fisheries play a significant role in the socio-economy of the communities of the 

Sundarbans. It is diverse, comprising estuarine and coastal fisheries, brackishwater 
aquaculture and a variety of freshwater aquaculture techniques. 
 
 Crab harvesting is also practiced here with at least five species being regularly 
caught. The estimated crab landing from this area is about 1200 to 1500 tonnes per year. 
Some of the economically important species are Scylla serrata, Portunus pelagicus, P. 
sanguinolentus, etc. 
 

The total number of estimated fishermen families in Sundarbans 24-Parganas 
(South) is about 41040. The average monthly income per family as estimated during 1990-
1995 was around Rs. 2500. A large number of fishermen are also engaged in other 
occupation related to fishing such as marketing of fish, repairing of nets, processing of fish, 
etc. 

 
A large number of fishermen in groups of fishing parties migrate mainly from 

different areas of the Hooghly  - Matla estuary during winter season to suitable areas near the 
sea in the lower zone and establish fishing camps and remain engaged in bag net fishing from 
the end of October to early February. The main areas of activity of this type of fishing 
(Migratory bag net fishery) are Sagar Island, Frasergunj, Bakkhali and Kalisthan. The total 
fish catch (in tonnes) from inland and marine sectors of South 24 Parganas is tabulated below 
(Table – 3.10). 

 
Table 3.10. Total catch (in tonnes) of inland and marine fishery of South 24-Parganas 

 
Year Inland Marine  

1996-97 51807.36 77400 
1997-98 52132.50 73800 
1998-99 54882.72 77100 

 
A wide variety of gears are operated round the year in the estuary for commercial 

fishing. The major groups are trawl nets, seine nets (large and small), purse or clap nets, drift 
gill nets, lift nets, cast nets, bagnets (stationary/migratory), set gill nets, set barrier nets, hooks 
and lines and traps (Table 3.11).  

 
Table 3.11.  Traditional Fishing Gears 

 
Gears Nos. 

Trawl Nets 390 
Gill Nets         30034 
Drag Nets 7294 
Cast Nets         43979 
Others 8039 

 
The details of various crafts operated in 13 blocks of Sundarbans (South 24-Parganas) 

are given in Table 3.12.  
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Table 3.12: Traditional Fishing Crafts 
 

Crafts Nos.  Crafts Nos. 

I. Canoes   IV. Others  
Motorized  1134  Liner    66 
Non-motorized  2810  Seiners   192 

II. Catamaran   Beach Landing Crafts   765 
Motorized   769  Trawlers   520 
Non-motorized 1114  Gill Netters   628 
III. Plank Built Boat     
Motorized  4635    
Non-motorized  4891    

 
Annual yield of shrimp ranged from 1996.6-metric tons to 3344.2 metric tons 

contributing 6.3 to 8.6 % of the total catch from this estuary. The bulk catches of shrimp (38 
to 73%) comes from winter fishery alone. 

 
3.2.3.1.2 Coringa mangroves (Andhra Pradesh), India 
 

Coringa mangrove is situated about 150 km south of Visakhapatnam (Lat. 16°44’ to 
16° 53’ N and Long. 82° 14’ to 82° 22’ E) and Kakinada Bay.  Coringa named after the river 
“Corangi”, receives freshwater from Coringa and Gaderu rivers, distributaries of Gautami 
Godavari river and neritic waters from Kakinada bay.  Numerous creeks and canals traverse 
this ecosystem (Fig.3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. An imagery of Coringa mangroves 

The Government of Andhra Pradesh 
declared a part of Godavari mangrove system 
covering an area of about 208 sq. km as Coringa 
Wild Life Sanctuary in July 1978. The Coringa 
mangroves are bordered on the northern side by 
Kakinada Bay. The area of Coringa Reserve forest 
is 3156 hectares and of Coringa Extension forest is 
9442 hectares including waterways.  In Coringa, 
totally 15 species of mangroves were recorded. The 
dominant genera are Avicennia, Excoecaria, 
Aegiceras, Rhizophora and Sonneratia.  
 
              The distribution and health of mangrove 
plants are largely governed by climatic factors such 
as solar radiation, temperature, rainfall, wind, etc.  
During 1995-97, atmospheric temperature ranged 
from 24.8 to 32.6°C. 

  
The annual rainfall was 871, 1627 and 1156 mm for the years 1995, 1996 and 1997, 

respectively.  Annual mean wind speed ranged from 2.1 to 2.3m/sec.  The observed high 
rainfall and temperature seem to be conducive for the health of mangroves in Coringa. 

 
The Information System developed in GIS by integrating the data collected from 

various sources, viz., (1) theme maps from conventional and remote sensing data, (2) data on 
water quality and biological parameters from field investigations, and (3) data on socio-
economics, etc., from Govt. organizations, comprise the following:  

 

Ø Spatial distribution of mangroves. 
Ø Hydrographical features such as bathymetry, tides, currents. 

Kakinada 
Bay 

Coringa 
mangroves Bay of 

Bengal 

Gautami Godavari 
river 
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Ø Qualitative and quantitative data on distribution of flora and fauna, viz., 
mangroves, phytoplankton, zooplankton and benthos. 

Ø Causes for changes in mangrove environment. 
 

Physical environment 
 
Geomorphology 

 
The lower part of the delta has sand ridges.   Fractures have controlled the drainage 

and truncated some of the river courses. Mudflat, mangrove swamp, sandy beach and sandy 
island are characteristic of this area. 
 
Topography 

 
The Coringa mangroves are bordered on the northern side by Kakinada Bay, on the 

western side by the mainland, formed of deltaic and flood plains and, on the south-eastern 
side by the marshy Hope Island. The coastal strip north of Kakinada consists of sand and sand 
dunes, which are replaced by laterites, sandstones and khondalites towards the landward side.  

 
The passive Matlapalem creek, Coringa river, and the active Gaderu river and 

Pillavarava creek contribute significantly to the dynamic morphological changes by bringing 
in huge amounts of freshwater and sediment loads. 
 
Shoreline changes  

 
A sand spit has formed near Kakinada Bay over a period of 100 years.  Reddy and 

Prasad (1982) have reported that during 1851, due to shifting of the course of Godavari river, 
of a construction Dam at Dowleswaram, and deforestation in Godavari basin during 1846-
1852 could have reduced the flushing capacity of the river and increased sediment transport, 
which ultimately resulted in silting up of the Coringa creeks, consequently leading to the 
formation of a shoal in 1851. The deposition of littoral drift materials transformed the shoal 
into sand spit, which started growing northward along the direction of littoral current, leading 
to reduction in the width of the bay entrance during 1893-1970.   
 
Bathymetry 

 
Due to continuous sediment deposition, areas north of Coringa mangrove are very 

shallow. The maximum depth is at the Kakinada Bay entrance is about 10-15 m, which 
decreases inwards up to Coringa-Gaderu mangrove ecosystem.  
 
Water circulation 

 
Major freshwater inflow into the Gautami estuary is from July to October, coinciding 

with the south-west monsoon, which plays an important role in the health of flora and fauna 
of Coringa mangroves. 
 
Water and sediment quality 

 
The studies carried out so far have revealed that generally the water quality is not 

impaired in the mangrove environment. No significant difference is observed in the 
concentration of heavy metals in sediments within the bay-mangrove.  
 
Landuse/landcover 

 

Satellite data of 1988 (IRS 1A) and 1998 (IRS 1C) coupled with field checks carried 
out revealed a significant reduction in mangrove cover and increase in degraded areas (Table-
3.13). 
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Table 3.13. Landuse/landcover in the Coringa Mangrove Area in 1988 and 1998 
 

Area Coringa Reserve 
Forests (in ha) Whole Area (in ha) 

Category 1988  1998  1988  1998  
Mangrove 9623 9320 13359 12127 
Degraded area 686 875 1309 1292 
Aquaculture 0.07 0.39 669 4669 

  (Source: DOD/ICMAM-PD 2001) 
  

During the 10-year period between 1988 and 1998, out of 13359 ha of mangrove 
area, 11567 ha remained unchanged.  While 1560 ha of mangrove has been converted for 
aquaculture, some of the areas have been degraded or turned into mudflat, etc. Growth of 
mangrove is observed in about 285 ha of the degraded area and other lands. By the end of 
1998, the total mangrove area in Coringa was 12127 ha., a total reduction of 1232 ha, of 
which 639 ha. was towards aquaculture development. It is worth noting that during the ten-
year period the area under aquaculture increased from 669 ha to 4669 ha. 

 
Conversion of mangrove to other categories (loss) could be due to felling, natural 

degradation due to reduced tidal flushing and hypersaline conditions in interior areas and in 
some pockets conversion of mangrove area for aquaculture (Fig.4). The increase in mangrove 
cover could be due to mangrove replantation in about 150 ha by the Andhra Pradesh Forest 
Department. 

 
Biodiversity 

 

Fifteen species of “true mangrove”, 6 mangrove associates and 6 salt marsh species 
have been reported from here.  The dominant mangrove species are Avicennia marina, A. 
officinalis, Excoecaria agallocha, Sonneratia apetala, Aegiceras corniculatum and 
Rhizophora apiculata. High tree density of 453 and 706 no/0.1 ha was observed in Coringa 
and Gaderu, respectively. Tree density varied from 81-706 no/0.1 ha.  

 
 
 
 
 
 
 

 
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     
  Fig 4. Land Use/Land Cover Changes in Coringa Mangroves (Source DOD/ICMAM-PD, 2001) 
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Spatially, Avicennia marina, a salt secretor species, was distributed throughout the 
mangroves due to its wide salinity tolerance.  Landward Excoecaria agallocha was dominant.  
Sonneratia caseolaris is reported to be at the verge of extinction in this area. 
 

One hundred thirty seven (137) species of phytoplankton, eighty one (81) species of 
zooplankton, 126 species of microbenthos comprising 27 species of microalgae, 28 species of 
flagellates and 71 species of ciliates, 114 species of macrobenthos (dredge and grab hauls) 
comprising 41 species of crustaceans, 26 species of polychaetes, 21 species each of 
gastropods and bivalves and 5 species of other taxa, have been recorded from this area 
(DOD/ICMAM, 2001). 

 
Comparison of biodiversity data of past with the present study is given in the 

following Table –3.14.  
 
Table 3.14:  Comparison of biodiversity data of past with the present study 
 

Group 1990-95 1998-99 
Phytoplankton 89 137 
Zooplankton - 81 
Microbenthos 
(Ciliates, Flagellates) 
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99 

Macrobenthos 52 114 
Mangroves and associates 36 38 

   Source: Andhra University Annual Report (1995)      
 
 An analysis of the data provided above will indicate that the biodiversity has 
improved in the Coringa region during the ten year period between 1990 and 1999. Some of 
the molluscs such as Tonna, Turritella, Amussium and Catelysa, which were dominant in the 
early 1960s appear to have declined in number (Radhakrishna, 1963).   
 
Socio-economic conditions 
 

Fishing is the major activity in this region followed by agriculture.  The fishermen 
population is the highest in this district (about 1,28,000) as compared to other districts of 
Andhra Pradesh. About 18 villages are located around Coringa region. There is more 
awareness among the people about education and the literacy level is about 47.2% in 
Tallarevu and Coringa. Besides, fishing and agriculture, people also depend upon livestock 
and aquaculture activity for their livelihood. Mangroves are the main source of firewood, 
wood for construction, and fodder for cattle (DOD/ICMAM, 2001). 
 
3.2.3.1.3 Pichavaram Mangroves, Tamil Nadu, India 
 

Pichavaram is situated about 225 km south of Chennai, in the southeast coast of India 
in Tamil Nadu. It receives brackishwater from Vellar estuary in the north and Coleroon 
estuary in the south. It is connected to the Bay of Bengal on the east and receives fresh water 
from Uppanar River in the west. 
 

Pichavaram mangrove is an ideal nursery ground for a number of commercially 
important fin- and shellfish species. It also attracts an appreciable number of migratory birds. 
Because of its scenic beauty (Fig.5) a number of tourists visit this place every year. However, 
over the years, degradation has occurred in many areas leading to loss of mangrove area, due 
to natural and human impacts.  
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Fig.5. A view of Pichavaram Mangrove 
 

              Pichavaram mangrove forest was 
declared as Reserve Forest in December 1987 
with an area of about 1100 ha. The mangrove 
area is traversed by numerous creeks and 
canals, consisting of a number of small and 
large islets. It is covered mostly by forest 
strands and the rest by mudflats, sandy areas 
and saline soils.   
 
Application of GIS 

 

              GIS in association with Remote 
Sensing and field data has helped in analysis of 
the arial extent of mangrove forests over the 
years and in calculating the areas of various 
land cover features such as dense mangroves, 
degraded / rejuvenated, etc.   

 
Using the GIS, areas of healthy mangrove during 1987 and 1998 have been estimated 

as 398 and 411 ha respectively. Changes in the various landuse/landcover categories such as 
mangrove, degraded mangrove, mudflats, agricultural area, aquaculture farms, etc., have been 
observed in the mangrove and surrounding areas (Fig.6).  

 

Fig: 6.    Imagery of Pichavaram Land use derived from satellite data displayed in 
                                      GIS Field photographs show well-developed mangroves and degraded areas 

 
Comparison of 1987 and 1998 landuse cover maps reveals that healthy mangroves 

have degraded and converted into mudflats, and in degraded areas and mudflats healthy 
mangroves have grown.   This means that both degradation and rejuvenation have taken place 
during these years.  Degraded mangrove areas were less in 1998 than in 1987 indicating an 
increase in mangrove area. However, a marginal gain in mangrove area is observed over a 10-
year period between 1987 and 1998. 

 
10 species of mangroves representing 6 families and 4 species of salt marshes 

belonging to a single family have been reported from Pichavaram. According to IUCN 
categorisation, out of 14 species, 10 are endangered, 3 are vulnerable (E. agallocha, R. 
mucronata, A. indicum) and 1 is at lower risk nearly threatened (S. brachiata).  The list of 
species in the order of relative dominance and the IUCN status is given below. 

 
 



 42 

Species IUCN Status (Nationally) 
Avicennia marina Endangered 
Suaeda maritima Endangered 
Avicennia officinalis Endangered 
Suaeda monoica Endangered 
Rhizophora mucronata Vulnerable 
Rhizophora apiculata Endangered 
Excoecaria agallocha Vulnerable 
Bruguiera cylindrica Endangered 
Ceriops decandra Endangered 
Aegiceras corniculatum Endangered 
Acanthus ilicifolius Endangered 
Arthrocnemum indicum Vulnerable 
Lumnitzera racemosa Endangered 
Salicornia brachiata Lower risk-Near Threatened 

 
Kandelia candel and Bruguiera gymnorrhiza reported from this mangrove in 19th 

century have become extinct. Xylocarpus granatum has also become extinct now.  Sonneratia 
apetala, which was once abundant (Caratini et al., 1973) and Rhizophora lamarckii (now 
known as Rhizophora annamalayana Kathiresan), a rare species, are reported to be near 
extinction (Kannupandi and Kannan, 1998). 
 

Rhizophora annamalayana, a new species has been described as a hybrid between R. 
apiculata and R. mucronata (Kathiresan, 1995a). Previously this species was called as R. 
lamarckii, a hybrid between R. stylosa and R. apiculata (Muniyandi and Natarajan, 1985). 
But R. stylosa is not recorded in Pichavaram (Kathiresan, 1995b). 
 
Landuse/landcover in Pichavaram 
 

Landuse/ landcover of Pichavaram mangrove and surrounding areas have a direct 
impact on the mangroves.  Analysis of IRS 1D satellite data revealed various landuse/ 
landcover categories such as mangroves, degraded mangroves, mudflats, fallow land, sandy 
areas, agriculture areas, aquafarms, etc. It is observed that agriculture is a major practice in 
the mainland near mangrove area. Aquaculture areas are also seen, but are located away from 
mangroves.   
 

Some of the major changes that have occurred are listed below. 
 

MANGROVE   [1987)  TO DEGRADED    [1998]  -  33 ha 
DEGRADED    [1987)   TO MANGROVE   [1998)  -  58 ha 
MANGROVE   [1987]  TO MUDFLAT      [1998]  -  29 ha 
MUDFLAT       [1987]  TO MANGROVE   [1998]  -  24 ha          

      
Table 3.15. Species diversity in Pichavaram Mangroves 

 
Group No. of species 

Phytoplankton 109 
Zooplankton 68 
Seagrasses 3 
Seaweeds 9 
Mangroves 14 
Benthos 114 
Fishes 15 
Birds 57 
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Status of biodiversity 
 

The species diversity recorded 
in Pichavaram mangroves is given in 
Table 3.15. A vast majority of this is 
reported from the mangrove area. 
Depending on the distribution of 
phytoplankton, zooplankton and 
benthic organisms the zones have been 
delineated as freshwater zone, 
mangrove zone and neritic zone.  The 
pie chart at Fig 7, gives the percentage 
composition of the different species of 
flora and fauna recorded from the 
Pichavaram mangroves. 
 

Fig. 7 Percentage of species occurrence of aquatic flora and  
            fauna in Pichavaram  mangrove during 1998-1999 

 

Birds 
 

Pichavaram mangrove ecosystem attracts a number of true and local migratory birds.  
Favourable season for the visit of birds is from September to April every year with the peak 
during November and January.  Shallow water areas with high density of macrobenthos serve 
as excellent feeding grounds for the birds.  Common occurrence of piscivorous birds is due to 
occurrence of many species of fishes in plenty, which form their diet.  As many as 57 species 
of birds have been reported from here. 

 
The health of the ecosystem is indicated by its biodiversity.  The increased number of 

species of phytoplankton, zooplankton and benthic animals observed in the mangrove zone 
rather than neritic zone, indicates that mangrove zone is more productive and in terms of its 
conservation and management, Pichavarm presents a better picture than Coringa and 
Sunderbans.  

 
Activities in Pichavaram Mangrove 

 

The villages surrounding the Pichavaram Mangroves and the employment status and 
income level of the population are given in the Table 3.16. 

 

Table 3.16:  Employment status of fishermen in Pichavaram and adjoining villages 
 

Village Fishing 
(Person(s) 

Unemploy-
ment 

Income (Up 
to Rs.3000) 
(Person(s) 

Income (Up 
to Rs.3001 – 

6000) 
(Person(s) 

Income (Up to 
Rs.6001 - 

12000) 
(Person(s) 

Mudasalodai 98 243 37 29 30 
T.V.S.Pettai 292 Nil 342 Nil Nil 
Nadu Mudasal 
Oodai 45 118 22 5 19 

M.G.R. Nagar 279 183 239 40 Nil 
Muzhukkuthurai 105 324 126 5 Nil 
Pillumedu 18 33 1 15 6 
Killai 407 1063 179 283 91 
Kannagi Nagar 21 29 8 10 3 
Chinnavaikkal 58 117 12 42 31 
Kalaignar Nagar 168 94 110 50 51 
M.G.R.Thittu 164 411 122 42 Nil 
Koolaiyar 73 186 53 20 6 
North Mudasal 139 356 50 47 57 
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The personnel engaged in other categories mostly include those in fresh fish trade.  
This clearly indicates that the villagers are depending upon the backwaters and mangroves to 
meet their livelihood.   
 
Fishing  

 

About 147 species of fishes are recorded from the Pichavaram area.  Of this, 74 
species are marine forms and 64 species are brackishwater forms.  Total catch of fish is 
around 200 tonnes/year.  Mullets are the dominant fishes captured.  Metapenaeus monoceros, 
M. dobsoni, Penaeus indicus and P. monodon are the dominant species among shrimp.  Crafts 
such as catamaran and dugout canoes and gears such as small seine net, push net, scoop net, 
cast net, crab traps, etc, are used for fishing.  Local fishermen report that fish and shrimp 
catch has been declining since the past few years. 
 
Tourism 

 

In late 1970s, the scenic beauty of Pichavaram mangroves has attracted movie makers 
to shoot their films in the shallow waterways. Through the movies, Pichavaram has become a 
tourist spot. With the advent of tourist flow, the Tamil Nadu Tourism Development 
Corporation (TTDC) has also announced this place as a tourist spot and listed it in state’s 
tourist map from 1985 onwards.  TTDC is maintaining cottages, dormitory and restaurant for 
tourists.  About 500-1000 tourists visit Pichavaram every day. 
 
Aquaculture 

 

Shrimp Aquaculture is carried out in about 40 ha area, around Pichavaram.  
Traditional and semi-intensive type of aquaculture is practiced.  Species of Penaeus are 
cultured in aquafarms.  No mangrove area has been converted for aquaculture.  
 
3.2.3.1.4 Vedaranyam mangrove swamp 
 

Vedaranyam is one of the coastal blocks of Thanjavur district.  It is situated 102 km 
east of Thanjavur.  Vedaranyam or point Calimere is one of the six major wild life sanctuaries 
in Tamil Nadu extending over an area of 17.29 km2.  It has a tropical transitional bio-climate, 
which is characterized by monthly average temperature of above 27oC.  Total annual rainfall 
varies from 1000 to 1500 mm with a dry period of 5 to 6 months.  The period from January to 
April is usually dry and occasional inter-monsoon thundershowers occur during March-June.  
The humidity here is high and is around 80%. 

 
Vedaranyam is one of the major wintering grounds for migratory birds from North 

India, Europe, Asia and Africa.  Its uniqueness lies in its having a coastal marine system and 
tropical forests.  The number of reservoirs formed here for making salt serves as feeding 
grounds for migratory birds like small waders and waterfowls and to the resident population.  
These swamps host around 240 species of birds both migratory and resident.  Among them, 
48% are aquatic and the rest is terrestrial. 

 
 Only a small part of the area is protected in the Point Calimere Wild life sanctuary 
declared in March 1968, but the most important wetlands are unprotected.  However, the 
wetland has been proposed for designation as wetland of international importance under the 
RAMSAR convention.  Recently a few small – scale aquaculture farms were established here. 
There is a threat to the marine and wild life due to the industrial and aquaculture 
establishments.  This area is also one of the most vulnerable sites affected by cyclonic storms, 
which cause great damage to the ecosystem due to flooding and siltation.  The other problem 
is deforestation due to felling of trees for fire wood requirements of the local people.   

 
 More than 40% of the mangrove forest has been reduced due to indiscriminate cutting 
of wood for firewood.  The reduction in mangrove forests has resulted in increased coastal 
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erosion and also a decrease in the supply of nutrients to the sea and thus affecting the fish 
production in this area.  In this area about 66% of the dense marsh vegetation has been 
degraded.  Around 32% of the saltpan area has been increased at the expense of mangrove 
forests.  The salt affected area has also increased to about 4.5 times due to drying up of mud 
flats and expansion of saltpans. 
 
3.2.3.1.5 Muthupet Swamp 

 
Muthupet swamp is a part of the Vedaranyam swamp, in Thanjavur district, spreading 

to over 1700 ha. It provides livelihood for over 3200 families living in 15 hamlets nearby.   
 
There is a reduction in the freshwater flows into this swamp over the past few 

decades, reducing the water spread and increasing the salinity levels of the water and soil. The 
mangroves in this swamp are degraded to an enormous extent due to felling of the trees, 
leading to sedimentation/siltation of the swamp and consequent hyper-salination of the soils. 
Healthy mangroves occupy 15% (1855 ha.) of the total area, whereas degraded mangroves 
including salt pan, constitute about 68% (7178 ha). Of the six species of mangroves, 
Avicennia marina is the most dominant, constituting more than 95% of the mangroves. There 
are two distinct zones in distribution of mangroves – one an Avicennia zone and the other 
degraded zone. The soil of the Muthupet wetland exhibits variable soil salinity ranging from 
12.5 to 125 ppt the lowest value recorded from Suaeda zone and the maximum from degraded 
area.  In the degraded area the soil was found to be hyper-saline, in the range of 45-125 ppt.  
Reduction in the freshwater inflow into the swamp has affected the species diversity and 
population density of the mangrove and other species.   

 
On an average 106 tonnes of fish is landed annually from this swamp, of which about 

57% are finfish and 21% shrimp. It is interesting to note that compared to Muthupet, the 
shrimp catch in Pichavaram wetland is very high – 83% of the total landings.  

 
Over the period between 1970 and 1986, mangrove cover reduced from 2762 ha. to 

1767 ha. However, between 1987 and 1996, there was a marginal increase in mangrove cover 
by 100 ha, as evidenced by the Landsat TM 5 and IRS IC LISS III data.  The main reason for 
degradation of the mangroves is the hyper-saline soil conditions, and the consequent disease 
“shoot die back syndrome”.  This aspect needs further investigations. The recent increase in 
mangrove cover is due to the restoration measures initiated by the Forests Department. 
(Selvam et al, 2002). 

 
Canals constructed across the mangrove wetlands for fishing avoid stagnation of tidal 

water and create a favourable condition for mangrove establishment and growth. The Tamil 
Nadu Government and M.S. Swaminathan Research Foundation are implementing a Joint 
Mangrove Management Programme with the participation of the local people for restoration 
of the mangroves. Restoration canals have been allotted to poor fisher-folk for fishing with an 
agreement to desilt the restoration canals periodically. 
 
Major threats to the mangrove ecosystem  

 
Apart from the waste generated by the existing population, untreated domestic waste, 

gradual clearance of the forest area due to the increase in need for fuel wood, construction 
activities, cattle grazing, geomorphological changes due to littoral and tidal currents, violent 
storms during the southwest and northeast monsoons causing severe erosion to the coastal 
zone, natural events such as river influx, tidal incursions, erosion and accretion, insufficient 
tidal flushing resulting in hypersaline soils devoid of vegetation, collection of post-larval tiger 
shrimps, discharge of oil from mechanized boats and oil tanker wash, increased industrial and 
urban pollution, intensive agriculture activities with more and more fertilizer and pesticide 
along with changed land-use pattern, conversion for aquaculture, over-exploitation of the 
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resources particularly molluscs and shrimp seeds,  have an adverse impact on the mangrove 
ecosystem. 

 
Conservation measures 

 
 The main strategies adopted by Sundarbans Biosphere Reserve for conservation and 
monitoring are educational training and awareness regarding Biosphere Reserve, afforestation 
with mangrove species, promoting eco-tourism activities, etc. From 1989 onwards, attempts 
have been made to restore mangroves in the degraded mangrove areas of Sundarbans. 
Afforestation works are primarily taken up for two main reasons namely conservation and 
preservation of rare and endangered species like Heritieria fomes and to offer natural 
protection to the coast against cyclones and storms by planting mangrove such as Avicennia 
sp. Mangrove nurseries have been developed at different locations for afforestation of the 
Sundari tree (Heritieria fomes) Since 1989, a total of over 19000 ha have been afforested 
(Vyas, 2001). This has helped in habitat improvement, conservation of threatened flora such 
as Sundari, Nypa, etc., and generation of employment for the fringe population. 

 
In Coringa, the Andhra Pradesh Forest Department has been carrying out 

afforestation measures by digging channels and replanting species such as Avicennia and 
Rhizophora. At present, nearly 150 ha of the area are already planted. The A.P. Forest 
Department and M.S.Swaminathan Research Foundation (Chennai) are involved in creating 
awareness among locals about the importance of mangroves in an effort to reduce pressure on 
mangroves.   

 
To contain degradation of mangroves in Pichavaram, Tamil Nadu Forest Department 

and M.S.Swaminathan Research Foundation (a Non Governmental Organisation) have made 
trenches in some areas to enhance flushing of tidal water.  Development of hydrodynamic 
model based on accurate scientific data such as bathymetry, currents and tides, along with 
field surveys for elevation are required to be done to identify the areas that need dredging to 
increase water flow and trenching to increase access.  Such a model when integrated with GIS 
will provide accurate information on possible extent of water penetration in each area in the 
mangroves, which help in determining exact locations for dredging.   

 
The coastal mangrove wetlands efficiently balance the energy requirements in the 

coast. The information system generated with the help of primary and secondary data 
collected through remote sensing and field studies and converting it into resource map using 
the GIS package is an attempt to help in management, monitoring and preservation of this 
pristine environment from any further degradation. The area under mangrove vegetation has 
been mapped using remote sensing, exhaustive and extensive field survey and GIS. The study 
highlights, the capabilities of remote sensing techniques for mapping vegetative cover in 
coastal wetlands in a short period and cost effective way.  

 
Repetition of such mapping over regular intervals will provide definite information 

on the success of the afforestation programmes and also the status of the wetlands, which is 
prone to natural calamities apart from human induced activities. 

 
The GIS based Information System has been found to be useful in assessing the status 

of the mangrove ecosystems along the east coast of India.  The various changes that have 
occurred in mangrove areas such as degraded areas, areas converted for aquaculture, etc, over 
a period of 10 years have been clearly delineated.  Remote sensing has been useful (and less 
expensive) in identifying these spatial features with geographic accuracy.  This information 
system could serve as a baseline database for the decision-makers to monitor areas of 
mangroves and to draw up suitable management plans of afforestation. 
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Recommended measures 
 

In order to preserve this pristine mangrove environment and protect it from depletion 
of flora and fauna the following management measures are recommended. 
 

• As the entire area falls under CRZ I category, all prohibitory and regulatory activities 
in the zone as recommended under the CRZ notification should be strictly enforced. 

• Reclamation of the forest along the peripheral regions for other developmental 
activities to be avoided. 

• Waste generated should be treated/managed properly before they reach the rivers. 
• Eco-restoration programmes to be popularized among the local population in order to 

facilitate community based management.  
• Eco-Tourism should be encouraged. The efforts should be made to educate the 

tourists sufficiently, so that they do not damage the environment in any way. 
• Areas of natural mangrove regeneration to be marked and protected. 
• Alternate sources of fuel instead of Mangroves to be provided to the local 

communities.  
• Using GIS, based on proximity to canals, soil characteristics, tidal flushing, etc, sites 

could be identified for further afforestation measures and areas of natural 
regeneration.  

 
3.2.3.2. Coral Reef  & Sea Grass Beds 

 
 Coral reefs occur along shallow, tropical coastlines where the marine waters are 
clean, clear and warm.  They are one of the most productive ecosystems in the world.  The 
basis for the high productivity of the coral reef ecosystem is a combination of the reef with 
support from its surrounding environment.  They contribute to fisheries, as approximately one 
third of world’s fish species are reported to be living on coral reefs. In many a countries, they 
support booming tourist industries. They serve as natural protective barriers, deterring beach 
erosion, retarding storm surges, allowing mangroves to grow, and providing safe landing sites 
for boats. 

 
 Both the coral atoll and the fringing coral reefs are of utmost significance in Indian 
waters. Coral reefs are found in the Palk Bay, Gulf of Mannar, Gulf of Kuchchh, central West 
Coast of India, Lakshadweep Atolls and Andaman & Nicobar Islands. A few species of corals 
have recently been reported from Malvan coast off Maharashtra.  From the Indian coast 342 
species of corals belonging to 76 genera have been reported, with the maximum number of 
genera reported from Palk Bay and Gulf of Mannar, followed by Minicoy Islands, Andaman 
waters and Lakshadweep Islands.  

 
Siltation and sedimentation due to dredging and increased soil erosion, pollution, 

lowering of salinity levels, destructive fishing practices including dynamiting, large scale 
collection of ornamental fishes, some of the natural phenomena as diseases, predators, 
bleaching, depletion of essential symbionts, etc., are the causes for coral reef degradation. 

 
 Seagrass beds are highly productive and valuable resources, which enrich the sea and 
provide shelter and food for some of the most important and valued species of fish and 
shellfish. They are normally found in shallow areas where light can penetrate and 
photosynthesis occurs.  Although seagrass are little used for commercial purposes, they play 
an important role in providing substantial amount of nourishment, nutrients and habitat. They 
are relatively hardy, but are damaged by unfavourable conditions such as excessive siltation, 
turbidity, pollution, bottom trawling, etc.  In India extensive seagrass beds are found off 
Lakshadweep, particularly in Kadmat Island and in Gulf of Mannar. 
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3.2.3.2.1    Gulf of Mannar, Tamil Nadu  
 

Gulf of Mannar extending from Rameswaram in the north to Tuticorin in the south is 
situated in the southeastern coast of India.  There are 21 islands, most of which have luxuriant 
growth of corals in the shallow sea and mangroves in their shores and swampy regions.  
About 3600 species (GOMMBRE, 1997) of flora and fauna have been known to occur in this 
area in the past.  However, this area is facing severe threat due to destruction of sensitive 
ecosystems like corals and seagrass through indiscriminate and intensive trawling, coral 
mining, dynamite fishing etc, commercialized fishing of specific fauna such as marine 
ornamental fish and invertebrates, sea fans, chanks, sea cucumber, sea horses, and endangered 
species like dugongs and turtles. These activities are reported to have depleted the resources 
and reduced the biological wealth of this region. 

 

Gulf of Mannar – an overview 
 
Gulf of Mannar covers approximately an area of 10,500 sq. km. There are 21 islands 

covering an area of 623 ha. (Fig. 8). The islands are occurring in 4 groups namely Mandapam 
group, Keezhakarai group, Vembar group and Tuticorin group. There are no permanent 
inhabitants in these islands and temporary camping by forest officials and fishermen for a few 
days is common in some of the islands. The coral reefs are of fringing and patch types and 
extend from Rameswaram to Tuticorin covering a distance of 140 km. However, major part 
of the reef is fringing type arising from the shallow sea floor of not more than 5m in depth. 
(DOD/ICMAM, 2001). 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Fig.8.    Map showing 21 islands of Gulf of Mannar 
                                                       (Source : DOD/ICMAM-PD, 2001) 
 
Gulf of Mannar Marine Biosphere Reserve  
 

The concept of biosphere reserve was initiated by UNESCO in 1971 in its "Man and 
Biosphere” (MAB) programme, with the idea of oneness of humanity transcending national 
frontiers and recognizing the need for conservation of the world's vanishing species and 
habitats. 
 

It is in this context that the “MAB” Programme Committee in India started 
functioning under the direct patronage of the Government of India and 8 important areas have 
been brought under the category of Biosphere Reserve so far. Gulf of Mannar Marine 
Biosphere Reserve (GOMMBRE) is the first Marine Biosphere Reserve not only in India, but 
also in South and Southeast Asia. The IUCN Commission on National Parks and WWF, 
identified the Reserve as being an area of "Particular concern" given its diversity and special 
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multiple use management status. As the first Marine Biosphere Reserve declared in India, this 
area has long been a national priority. 
 

The Gulf of Mannar lying between India and Sri Lanka is one of the biologically 
richest coastal regions of India. One of the islands, namely, Krusadai island is called a 
"Biologists’ Paradise" as it holds the maximum genetic diversity. Gulf of Mannar is rich in 
coral reef, seaweeds, seagrass, pearl bank, sacred chank beds, fin and shellfish resources, 
mangroves and a number of endemic species and endangered species including the Dugong 
dugon commonly referred to as the sea cow.  
 

The GOMMBRE was set up on 18.2.1989 by the Government of India and the State 
of Tamil Nadu covering all the 21 islands including 3.5-fathom depth on bayside to 5 fathom 
on the seaward side and converted it as a Marine National Park for the purpose of protecting 
marine wild life and its environment. The main objectives of GOMMBRE are: 
 

• Conservation and management of representative marine eco-system 
• Protection of endangered and important marine living resources 
• Provision of long-term conservation of genetic diversity  
• Promotion of basic and applied research work and its monitoring 
• Dissemination of experience of education and training 

 
Physiography 
 
Climate and rainfall 
 

The monthly average annual atmospheric temperature varies from 25° to 31°C with 
the minimum and maximum in January and May, respectively. The area comes under the 
spell of both southwest and northeast monsoon. The southwest monsoon contributes very 
little towards the annual rainfall. Rainfall is moderate to heavy during October to mid-
December with occasional gales. The mean annual rainfall varies from 762 mm to 1270 mm.  
 
Soil 
 

The soil is typical coastal sand, strewn with shingles in some places. There are 
swampy regions in most of the islands. Quick sand is also observed in a few islands. 
 
Currents 
 

The currents are swift and the sea is rough between April and August and calm during 
September.   
 
Waves and Tides 
 

Diurnal tide - tidal range increases or decreases by about half a metre. The maximum 
tidal amplitude is 0.81 m during spring tides and minimum of 0.2 m during neap tides. During 
formation of low pressure and depression, waves up to 5 m height are encountered.  
 
Water resources 
 

Freshwater is available only in one island i.e., Nallathanni Island as the name itself 
implies.  
 
Islands of Gulf of Mannar 
 

The 21 islands of Gulf of Mannar are divided into four groups namely Mandapam, 
Keezhakarai, Vembar and Tuticorin due to the proximity of islands to these locations. 
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                Mandapam Group  
    Island        Area (Ha) 
 
1. Shingle                      12.69  
2. Krusadai                   65.80  
3. Pullivasal                    9.95  
4. Poomarichan             16.58   
5. Manoli                      25.90   
6. Manoliputti                 2.34  
7. Musal                      129.04  

              Keezhakkarai Group 
Island                        Area (ha) 
 
8.   Mulli                   10.20   
9.   Valai                   10.15  
10. Talairi                 75.15  
11. Appa                   28.63  
12. Poovarasanpatti      0.25 
13. Valimunai              6.72  
14. Anaipar               11.00  
 

                    Vembar Group 
      Island   Area(ha) 
             
15. Nallathanni              110.00 
16. Pulivinichalli                6.12  
17. Upputhanni               29.94  

                  Tuticorin Group 
      Island     Area (ha) 
 
18. Karaichalli                    16.46          
19. Vilanguchalli                  0.95               
20. Kasuwar                       19.50  
21. Van                               16.00  
 

Major ecosystems of Gulf of Mannar 
 
The Gulf of Mannar is endowed with three distinct marine ecosystems namely 

Coral ecosystem, Seagrass ecosystem and Mangrove ecosystem. The sea bottom of the 
inshore area around the islands is carpeted with seagrass beds, which serve as ideal feeding 
ground for Dugong dugon. Highly productive fringing and patch coral reefs (Fig. 9 & 10) 
surround the islands and are often referred to as underwater tropical rainforest and 
treasure house for marine ornamental fishes. Occurrence of these specialised ecosystems 
makes Gulf of Mannar an unique large marine ecosystem in the Bay of Bengal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
            Fig.9: Massive Corals : Porites sp                        
                        (Source: DOD/ICMAM, 2001) 
 

 
 
 
 
 
 
 
 
 
 
 
 
      Fig 10.: Branching Corals : Acropora sp 
 

Coral Reef Ecosystem 
 

The reefs of Gulf of Mannar are fringing or patchy reefs thriving in very shallow 
waters (20 cm – 5 m) and are found encircling almost all islands. Most of the framework is 
made up of dead or semifossilised Porites sp.  In all 128 species of corals have been recorded 
(Pillai, 1986 and CMFRI, 1998) and the coral reefs lying on the southern side of the island are 
very dense and exhibit greater species diversity than the reefs on Northern side. The dominant 
genera are Pocillopora, Porites (Fig.9), Acropora (Fig.10), Montipora, Favia, Favites, 
Goniopora, Goniastrea, Platygyra, Echinopora, Galaxea, Turbinaria, Leptoria, Pavona and 
Pachyseris. However, at present the reef seems to be in a state of deterioration due to natural 
processes (sedimentation) and human intervention (coral mining). 
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Seagrass Ecosystem 

 
Seagrasses are marine plants belonging to monocotyledonous families, i.e., 

Hydrocharitaceae, Cymodoceaceae and Potamogetonaceae. Seagrass beds are highly 
productive and act as breeding and nursery grounds for many epiphytic fauna and feeding 
grounds for sea cow (Dugong dugon). Seagrass roots bind sediments and prevent erosion. Of 
the 52 species of seagrasses recorded worldwide, 12 species were recorded in Gulf of Mannar 
(Ramamurthy et al, 1992). The dominant genera are Cymodocea (Fig.11), Thalassia, 
Halophila, Halodule, Enhalus and Syringodium.    
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

    Fig.11:  Dense distribution of sea grass & corals 
 

 
The following Table 3.17 

shows the distribution of coral 
reef and seagrass beds in the 21 
islands of Gulf of Mannar. The 
coral reef area dominates the 
seagrass areas in Mandapam 
group while seagrass areas 
dominate in the Tuticorin group 
of islands, where coral mining 
activities are known to occur. 
 

              Table 3.17: Coral reef and Seagrass areas around the islands of Gulf of Mannar 
 
 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
 
 
 
 
 
 
Mangrove Ecosystem 
    

Nine species of mangrove (Krishnamurthy, 1987) and 7 associated species are found 
in Gulf of Mannar. The dominant genera were Avicennia and Rhizophora, Bruguiera, 
Lumnitzera, Ceriops and Pemphis. The genera Avicennia and Rhizophora are found to be 
dominant in Krusadai, Poomarichan, Pullivasal, Musal, Anaipar and Upputhanni islands. 
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Manoli and Manoliputti show a high species diversity of mangroves (Avicennia, Rhizophora, 
Bruguiera, Lumnitzera and Ceriops). Pemphis acidula is found in all the islands.  
 
Interaction between the ecosystems  
    

The flow of dissolved nutrients from the mangroves enhances the primary 
productivity of seagrass. Mangroves and seagrass enhance the secondary productivity of the 
coral reefs by providing alternate feeding grounds. They are highly dependent on 
hydrodynamic barriers such as corals, which dissipate wave energy and are enhanced in 
structure when the reefs are present. Seagrasses on the other hand trap and stabilize sediments 
and thereby help to protect the reef from abrasion and burial during storm conditions. 
Mangroves are also effective binders of sediments, thereby reducing the sediment load in the 
coastal waters. 
    

Migration of animals occurs among these ecosystems. For instance, coral reef 
dwellers such as grunts and snappers are known to actively feed on seagrasses and return to 
coral reef for shelter. Transportation of nutrients, dissolved organic matters and particulate 
matters also occurs from one ecosystem to the other.  
 
Biodiversity of Gulf of Mannar  
    

The Gulf of Mannar provides a very interesting heterogenous group of flora and 
fauna and about 3600 species have been identified from this region in the past.  Of this, 186 
species are commercially exploited, 116 are vulnerable and 7 are considered as endangered 
(ICMAM-PD/DOD, 2001). The Krusadai Island in the Mandapam Group of Islands 
exemplifies the biological significance of this region since it had representatives from every 
known phylum except amphibians. A unique endemic species of Balanoglossus viz. 
Ptychodera flava, a living fossil that links invertebrates and vertebrates was recorded from 
this island. 
    

The overall biodiversity of this region including the major species that have been 
recorded in the past here are presented below. 
    

• 126 species of phytoplankton comprising 97 species (33 genera) of diatoms, 16 
species (6 genera) of dinoflagellates, 7 species (5 genera) of blue-green algae, 3 
species (3 genera) each of green algae and others (Kannan, 1996). 

• 360 species of zooplankton (CMFRI, 1998).  
• 51 species (2 endemic) of foraminiferans (Thomas, 1986). 
• 275 species (31 endemic) of sponges (Thomas, 1986).  
• 128 species of corals of which 42 are endemic species (Pillai, 1986 and CMFRI, 

1998). The dominant genera of corals recorded were Pocillopora, Acropora, 
Montipora, Favia, Favites, Goniopora, Goniastrea, Platygyra, Echinopora, Galaxea, 
Porites, Turbinaria, Leptoria, Pavona and Pachyseris. 

• 14 species of Gorgonids (Thomas and George, 1987). 
• 75 species of polychaetes (CMFRI, 1998). 
• 9 species of nematodes (Ayyakkannu, 1974).  
• 326 species of planktonic and larval crustaceans, (CMFRI, 1969a; 1998).  
• 41 species of penaeid and non-penaeid shrimps, (CMFRI, 1969a; 1998). 
• 210 species of Crabs and 25 species of stomatopods (CMFRI, 1969a; 1998).  
• 7 species of lobsters (George, 1973).  
• 731 species of molluscs (Satyamurthi, 1952; CMFRI, 1969b).  
• 264 species echinoderms (James, 1985, CMFRI, 1998). 
• 1 species of balanoglossus (endemic species) (Azariah and Pillai, 1985). 
• 441 species finfishes (Dorairaj, 1997).  
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• 100 species of ornamental fishes (Murthy, 1969). 
• 5 endangered species of turtles (Lal Mohan, 1983, CMFRI, 1998) declared under the 

Wild Life (Protection) Act 1972. 
• 11 species of marine mammals (James and Lal Mohan, 1987, CMFRI, 1998) 

including 6 species of whales, 4 species of dolphins and 1 species of Dugong. All are 
endangered species and placed under schedule 1 of "The Wild Life (Protection) Act 
1972”. 

• 147 species of seaweed comprising 42 species of green algae, 31 species of brown 
algae, 69 species of red algae and 5 species of blue-green algae (CSMCRI, 1978). 

• 12 species of seagrass (Ramamurthy et al, 1992).  
• 9 species of mangrove and 7 associated species were found in Gulf of Mannar 

(Krishnamurthy, 1987).    
 
Fishery Resources of Gulf of Mannar 
    

Marine capture fisheries are the major economic activity in Gulf of Mannar. The total 
area of Gulf of Mannar under the Indian Exclusive Economic Zone is about 15000 sq. km and 
commercial fishing is done in about 5500 sq. km within 50 m depth. As far as fishes are 
concerned, of the 2200 (Dorairaj, 1997) fish species distributed in Indian waters, 441 species 
have so far been recorded in Gulf of Mannar. Gulf of Mannar is one of the best regions in the 
Indian subcontinent in fish biodiversity richness.  
    

The chief fisheries are the pelagic sardines, seer fish, tunas, mackerel, sharks, 
carangids, barracudas, wolf herring, full and half beaks, the demersal perches such as 
sweetlips, groupers, rock-cods, snappers, goat fishes, croakers, sharks, rays, skates, coral 
fishes, threadfin, breams, silverbellies, the shell fishes like chanks, squids, cuttlefish, shrimps, 
crabs and lobsters. Most of these resources are commercially exploited by mechanised 
trawlers. 
 

Shore seines, boat seines, trawl nets and hooks and lines are the principal gear 
operated. The shore seines are of two types namely Kara valai and Ola valai. The former is 
operated with the help of vallam fitted with outboard engines and is mainly used for capturing 
small pelagic fishes while the latter is operated with the help of non-mechanised vallam craft 
for capturing small shrimps and small pelagic fishes. Boat seines are operated using vallam 
with inboard engine. Specialised gears are also used such as chala valai for small pelagic 
fishes, paru valai for perches and tunas, thirukkai valai for rays, nandu valai for crabs and 
lobster etc. Traps are used to catch reef dwellers such as groupers, snappers, lobsters etc. 
Shrimp and fish trawl nets are operated to capture a variety of demersal fishes such as 
silverbellies, carangids, perches, pomfrets, goatfishes, rays, prawns etc. Among hooks and 
lines, longlines are used for hooking perches, catfish, sharks etc., and troll lines for 
scombroids, fishes, sharks, carangids etc. Depending on the tide and fishing season kalamkatti 
valai is operated during night times on the shores of the islands for catching shore fishes and 
mullets.   
    

Though 441 species of fishes have been recorded here only about 200 species are of 
commercial importance either as food for human consumption or as fishery by-products like 
fish oils from sardines, liver oil from sharks and skates, isinglass from catfish, eels, 
threadfins, processed fish skin from sharks, rays and bigger groupers and fish meal from 
small sized low value fish for use in cattle and poultry farms. The commercially important 
species include sardines, mackerel, anchovies, seerfishes, tunas, ribbon fishes, elasmobranchs, 
perches, catfishes, silver bellies, goatfish, lizard fishes, ribbon fishes, mullets, barracudas, 
penaeid and non-penaeid shrimps, lobsters, crabs, cephalopods, bivalves and gastropods. 
    

The marine fish catch in 1992 to 1996 ranged from 0.55 to 1.02 lakh tonnes with an 
average of 78,511 tonnes. Of the total haul, pelagic fishes form 54.38%, demersal fishes 
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34.85 %, crustaceans 5.69% and molluscs 5.08%. Nearly 20% of the total marine fish 
production of Tamil Nadu is being caught from Gulf of Mannar. The production rate works 
out to 14 t/km and 683 kg per fisherman/year. Lesser sardines contribute the major bulk of the 
catch about 20,300 t forming 25.81% followed by silverbellies 8200 t (10.43%), pigface 
bream 4500 t (5.72%), carangids 4100 t (5.2%), cephalopods 3900 t (4.93%) and penaeid 
prawns 2600 t (3.3%). The estimated sustainable yield from Gulf of Mannar is 44,600 t of 
pelagic fishes and 35,200 t of demersal fishes (Dorairaj, 1997). During 1998-99, CMFRI has 
surveyed selective landing centres of Gulf of Mannar and the catch statistics is given in the 
following Table – 3.18. 

 

 Table: 3.18.  Details of fish catch over the years 1984 – 1999 in Gulf of Mannar 
(in tonnes)  

S. No. Group 84-85 85-86 86-87 87-88 88-89 98-99 
1. Elasmobranchs 5316 1707 3316 7458 7108 1353 
2. Cat fishes 690 424 806 855 802 86 
3. Perches 1632 2880 3765 7543 15202 5764 
4. Mullets 534 486 1567 1844 1620 15 
5. Silverbellies 11530 14265 10922 16750 19817 4816 
6. Lactarius 717 428 1350 1232 920 16 
7. Pomfrets 55 213 151 551 130 21 
8. Clupeids 8860 14725 13348 31072 18476 8151 
9. Hemirhamphus 4936 4991 4184 7560 6359 413 

10. Carangids 4152 2095 2115 3074 3319 2552 
11. Mackerel 1179 949 1268 2092 3095 242 
12. Tuna 1363 1220 411 911 1395 936 
13. Sphyrna 1181 1129 704 1682 1872 1271 
14. Seer fishes 1252 978 1226 2971 2349 601 
15. Penaeid prawns 1614 1318 1965 1564 1312 1002 
16. Lobsters 47 39 446 417 57 69 
17. Crabs 2330 1776 1970 4113 2386 573 
18. Cephalopods 267 408 841 1592 1655 290 
19. Miscellaneous 5976 6580 4871 14007 14830 707 

 Total 53631 41918 55226 107288 102704 28878 
   Source: 1984 – 89 (Chandrasekaran and Indira, 1992) 
                1998 –99 (CMFRI, survey made during May-June 1998, 1999 for present study)     
 
Development of the Resources Information System for Gulf of Mannar (RISGOM)  
 

The Resources Information System of Gulf of Mannar (RISGOM) developed by 
DOD/ICMAM Project Directorate integrates the existing diverse coastal and environmental 
data sets collected by various organisations on the biodiversity of this region along with data 
about the land use, bathymetric and relevant coastal planning and development information to 
facilitate monitoring the health of the Gulf of Mannar Biosphere Reserve. 
 
 RISGOM is more of a scientific database that encompasses a collection and 
integration of disparate data as well as use of data in new ways so as to be accessible for 
scientific enquiry and long term monitoring of biodiversity. RISGOM was built using both 
field data obtained by surveys and sample collection and remote sensing digital data obtained 
from satellite. Both the spatial and non-spatial data were tied together in a GIS environment.  
For more accurate results, each of the 21 islands was studied with respect to its three major 
ecosystems namely coral, seagrass and mangroves. GIS has facilitated overlay of depth 
contours on coral and seagrass areas. 
 

Mandapam group of Islands 
 

The Mandapam group consists of seven islands that are biologically rich. Krusadai 
island was called the "Biologists' Paradise", as it held maximum genetic diversity. Patch reefs 
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are found on the southern and northern side of the islands. Fringing reefs occur along the 
southern side at a distance of about 1 to 5 k.m. Dugong foraging grounds are extensive. 35 
species of corals, 12 species of seagrasses and 9 species of mangroves are found in this group. 
Corals are mostly found upto 5m depth. Live corals are found beyond 0.5m depth. Coral reef 
area around the islands is about 41 sq. km. Seagrass covers an area of about 23 sq.km. around 
the islands 
      
Keezhakarai Group of Islands 
 

Keezhakarai group consists of seven islands located about 8 to 10 km from the main 
land. Patch and fringing reefs occur along the northwestern and southern side of the islands 
(Fig.12). Dugong foraging grounds are extensive around Valai and Appa islands. 31 species 
of coral, 12 species of seagrass and 6 species of mangroves are found in the Keezhakarai 
group of islands. Seagrass covers an area of about 43.5 sq. km around the islands (Fig.13). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.12: Overlay of bathymetry contours on areas of Coral distribution 

 
 

 
 
 
 
 
 
 
 
 
 
 

 
Fig.13.  Overlay of bathymetry contours on areas of Seagrass distribution 

 

Vembar Group of Islands 
 

The Vembar group consists of three islands. Patch reefs are found around the islands 
and fringing reefs occur along the southern side at a distance of about 500m. Dugong foraging 
grounds are extensive around Nallathanni Island. Dense distribution of mangroves occurs in 
Upputhanni Island.  25 species of coral, 11 species of seagrass and 3 species of mangroves are 
found in the Vembar group of islands. 
 

Corals are mostly found upto 5 m depth and live corals are found beyond 0.5m depth. 
Maximum number of live coral points exists around Upputhanni islands. Coral reef area 
around the islands is about 12 sq. km. Seagrass covers an area of about 9 sq. km around this 
islands.  
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Tuticorin Group of Islands 
 

The Tuticorin group consists of four islands, one of which is submerged. Reef patches 
exist all around the islands.  The islands have sparse vegetation.  23 species of corals, 11 
species of seagrass and 3 species of mangroves and associated species are found in the 
Tuticorin group of islands. Coral mining activities are known to occur around these islands. 
 
     Corals are mostly found upto 5 m depth. Live corals are found beyond 0.5 m depth. 
Maximum number of live coral points exists around Karaichalli Island.  Coral reef area 
around the islands is about 10 sq. km. Seagrass covers an area of about 10 sq.km. around 
these islands 
      
Marine Organisms recorded in Gulf of Mannar during different periods – a comparison 
 

The change in number of species reported in the following table (Table 3.19) does not 
mean the disappearance or extinction of species in the region. The data reported here is on the 
basis of a one-year study wherein a random sampling methodology was adopted for data 
collection. If the observations are repeated in a yearly manner for the next ten years, then a 
clear idea will evolve on the extent of species loss in Gulf of Mannar. More number of 
ornamental fish species in the present study is mainly due to use of scuba diving and similar 
facilities, which were not used in the past. 
 

Table 3. 19:  Marine Organisms recorded in Gulf of Mannar during different periods 
 

Group 1903- 98, SOURCE 1998 - 99, SOURCE 
Phytoplankton 126     Kannan, 1996   78                 CASMB 
Zooplankton 360     CMFRI, 1998 – NEERI report   62                 CASMB 
Protozoa   51     CMFRI, 1998 – NEERI report   11                      ZSI 
Porifera 275     Thomas, 1986   17                      ZSI 
Cnidaria 128     Pillai, 1986, CMFRI, 98 – NEERI   

                                                     rep. 
  49            ICMAM &     
                          ZSI 

Annelida   75     CMFRI, 1998 – NEERI report   19                      ZSI 
Platyhelminthes -     2                      ZSI 
Nematoda     9      Ayyakkannu, 1974     9                      ZSI 
Arthropoda 281     CMFRI, 1998 – NEERI report   46                      ZSI 
Mollusca 731     CMFRI, 1998 – NEERI report   33                      ZSI 
Echinodermata 264     James, 1985, CMFRI, 98 – 

NEERI  
  16                      ZSI 

Hemichordata     1     Azariah &Pillai, 1985     1                      ZSI 
Capture fishes 441     Dorairaj, 1997 130                CMFRI 
Ornamental fishes/ Reef 
Fishes 

100     Murthy, 1969 128                   MKU 

Turtles 5        Lal Mohan, 1983, CMFRI, 98 –  
          NEERI  

5     WILD LIFE DEPT. 

Mammals 11      James, Lal Mohan, 1987,  
         CMFRI, 1998 – NEERI report 

5     WILD LIFE DEPT. 

Seagrass 12     Ramamurthy, 1992 12                 ICMAM 
Seaweeds 147   CSMCRI, 1970 147   CMFRI, CSMCRI 
Mangroves 9       Krishnamurthy, 1987 9                   ICMAM 
Mangroves Asso. Species 7       Krishnamurthy, 1987 7                   ICMAM 

 
Earlier report indicated that the coral reef area of Palk Bay and Gulf of Mannar to be 

94.3 sq. km. based on 1989-90 IRS 1A satellite data (SAC, 1994).  The coral reef and 
seagrass areas around the islands of Gulf of Mannar alone are estimated to be 100 and 85.5 
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sq. km respectively based on 1998 IRS 1D satellite data. The difference may be due to better 
satellite resolution and extensive field verification conducted using SCUBA diving and ROV.  
 

Even though 46 species of corals have been recorded with less percentage of live 
coral coverage, extensive areas of dead corals were observed.  However, new coral colonies 
are regenerating around most of the islands.  Therefore, if adequate protection measures are 
taken with the involvement of local community, there is a possibility of improving the coral 
reef distribution area. 
 
Socio-economic status of fisherfolk communities in Gulf of Mannar 
 

There are 49 villages along the coast, of which 38 are in Ramanathapuram district and 
11 villages in Tuticorin district bordering the Marine Biosphere area. Altogether, there are 
53,880 fisher-folk, of whom 13,500 are active fishermen. They live in either huts, tiled or 
concrete houses. The literacy rate is about 38% in this area. There are about 1110 mechanized 
fishing boats, 5800 country craft and various kinds of nets such as trawl net, gill net, shore 
seines, drift net, olai valai, kalam katti valai, long line, traps and others. The average catch per 
day per boat varies from 10 to 20 kg and the main fish catch includes fin and shellfish. The 
average income is about Rupees 500 to 5000 per month per person. In Gulf of Mannar region 
there are three associations established for the welfare of the fishermen viz., The Fishermen 
Co-operative Society, The Hereditary Fishermen's Association and The Boat Owner’s 
Association. Most of the fisherwomen from Keezhakarai and Mandapam areas are involved in 
seaweed collection. The main species collected are Gelidiella, Gracilaria, Sargassum and 
Turbinaria. Data collected by Central Marine Fisheries Research Institute during 1978 to 
1985 show that the quantity of Gelidiella and Gracilaria landed ranged from 264 to 1032 
tonnes (dry wt.) and of Sargassum and Turbinaria from 1002 to 5537 tonnes (dry wt.) from 
Gulf of Mannar (Silas and Kalimuthu, 1987). Chank diving is also another important 
occupation of this region and main species collected are Xancus pyrum, Chicoreus ramosus, 
Pleuroploca trapezium, Hemifusus pugilinus, Cypraea sp, Lambis lambis, etc. The species are 
mainly collected for operculum, which has a medicinal value, and for the cosmetic industry. 
The shells have ornamental value. The selling rate for operculum is about Rs.500 to 1500 per 
kg and the income earned is about Rs.80 - 100 per diver per day. The major fishing harbour is 
Tuticorin and there are fish landing jetties in Keezhakarai, Valinokkam and Mandapam. 
There are 11 cyclone shelters and 4 community halls and fisheries training centres are located 
at Tuticorin and Mandapam. 
 
Major threats to Biodiversity of Gulf of Mannar  
 

Gulf of Mannar Biosphere Reserve as an ecosystem has a sound and firm resource 
base. However, over the years the coastal resources have been misused or overused leading to 
considerable destruction of the ecosystem. 
 

The most degrading activity has been the quarrying of live and dead coral boulders of 
Porites sp., and other species for industrial purposes. Destruction of coral reefs off Tuticorin 
group of islands amounted to an annual removal of 15,000 tons of boulders and 10,000 tons 
of coral debris (Venkataramanujam et al., 1981). As per the Forest Department, the cases 
registered on coral mining have steadily increased over the years Table 3.20. (Source: 
Wildlife Division, Forest Dept. Ramanathapuram) 
 

 

Table 3.20: Coral mining offenses booked by the Forest Department 
 

 

 1995 1996 1997 
No.of  Offences Booked 30 88 93 

'C' FEES      Collected (Rs)          61500 314000 31000 
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Over-exploitation of commercially important species such as Xancus pyrum, 
Pinctada fucata, Cypraea talpa, C.serpentis, Chicoreus ramosus, C.virgineus, Conus amadis, 
C.textile, Strombus canarium, Murex adustus, Veluta lapponica and Murex haustellum may 
ultimately threaten the very existence of these species. Extensive areas of seagrass beds with 
species such as Cymodocea sp, Thalassia sp and Enhalus sp are being disturbed by stake net 
fishing and intensive trawling operation around the islands. The luxuriantly growing 
commercially important seaweeds such as Sargassum sp, Turbinaria sp, Gracilaria sp and 
Gelidiella sp are removed by fisherfolk engaged in seaweed collection. This is creating an 
imbalance in the ecosystem. Depletion of rich Holothurian population, particularly of 
H.scabra is caused by seasonal collection for Bech-de-mer industry. Indiscriminate fishing 
for Dugong the most endangered of marine mammals has reduced the population size to the 
point of endangering their existence in this area. The ideal feeding ground for these mammals 
is the seagrass beds, which are also severely damaged. Indiscriminate tampering of the dead 
coral reef endangers the rich variety of prosobranch and opisthobranch molluscs. 
 

Island based stake-net operations by fisherfolk have entailed heavy destruction of the 
marine turtle eggs which are laid seasonally by the olive-ridley on the seaward sandy beaches 
of almost all the islands (Lal Mohan, 1983). Drift netting in the zone of the arrival of turtles, 
traps the breeders coming in for nesting. Besides, this area also has been identified as an 
important feeding ground for green turtle and hawks-bill turtle. The seabed of the shallow 
stretch of water between the island and mainland are intensively trawled for prawns for years 
thus adding another new dimension to the disturbance of the habitat. Trap fishing near the 
island which is a traditional activity by the main land people in the Gulf is yet another cause 
which has damaged the reefs that act as breeding grounds for species such as groupers, 
breams and grunters. 
 
Suggestions for resources management in Gulf of Mannar 
 
v Demarcation of marine protected areas or areas closed to fishing operation (areas like 

coral reef, seagrass and mangroves). 
v Strict enforcement of rules for regulating fishing. 
v Adopting suitable legislation for protecting coral reef and preventing coral mining. 
v To control seaweed collection and allied activities in the coral reef habitats. 
v To regulate and monitor industrial pollution in Tuticorin. 
v Conduct training and awareness programmes to coastal communities. 
v Sea ranching of commercially threatened species for sustainable utilisation. 

 
3.2.3.2.2 Andaman & Nicobar Islands - Coral Reef Ecosystem in Mahatma 

Gandhi Marine National Park at Wandoor 
 
 The Andaman and Nicobar group of Islands are located in the southeast Bay of 
Bengal between 6°45’- 13°41’ N latitude and 92°12’- 93°57’E longitude.  They are the 
emerged part of a mountain chain and lie on a ridge, which extends from the Arakan Yoma in 
Burma to Achin head in Sumatra. 
 
 They consist of 540 islands, of which only 38 are inhabited along with a number of 
exposed islets and rocks.  The total land area is 8249 sq km and the total coastline is 1962 km, 
which is about one-fourth of the total coastline of India.  The major islands are North, Middle 
and South Andaman, Ritches Archipelago, Rutland Island, Little Andaman, Car Nicobar, 
Tillanchang, Katchall, Camorta, Nancowry, Tarasa, Bompoka, Batti Malu Chaura, Little 
Nicobar and Great Nicobar.  
 

The marine ecosystem of the Andaman and Nicobar islands is unique in having very 
high degree of coral diversity with endemism in flora and fauna. Nature of 
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Fig.14: Map showing the Group of Islands in 
Wandoor marine National Park, A&N Islands 
 

 
coral reefs is patches/fringing type. The reefs 
protect the coastline against sea erosion and 
also harbour a host of animal communities 
like fishes, crustaceans, molluscs, sponges, 
echinoderms and other organisms.  The 
commercial fisheries often indirectly depend 
on coral reefs, which serve as nursery ground 
for juveniles.  Natural processes and human 
activities cause degradation of the coral reef 
ecosystem (Dorairaj and Soundararajan, 
1997).  Assessment of the status of the coral 
reefs and factors that cause degradation is 
important for scientific management and 
protection of coral reefs. 
 
              An effort was made to assess the 
status of coral reef in Mahatma Gandhi 
Marine National Park in Wandoor.  This 
would help the decision makers to effectively 
monitor and manage the reef and related 
ecosystems in the region. 

Mahatma Gandhi Marine National Park 
 
 The Mahatma Gandhi Marine National Park, Wandoor (Fig.14) was notified on 24th 
May 1983 for the protection of marine life including corals and nesting sea turtles.  The park 
is located on the south-western coast of South Andaman in the Bay of Bengal encompassing 
several islets of the Labyrinth Group of islands. The description of the islands with area is 
given in Table.3.21. 

 
Table 3. 21: Islands of Mahatma Gandhi Marine National Park in Wandoor 

 
S.No. Island Name Area (Km2) 

1 Alexandra 4.97 
2 Belle 0.08 
3 Boat 7.28 
4 Chester 0.49 
5 Grub 0.47 
6 Hobday 5.28 
7 Jolly Buoy 1.74 
8 Malay 1.94 
9 Pluto 0.52 
10 Red Skin 7.07 
11 Rifleman 0.08 
12 Rutland (only a small part is in 

park) 
136.17 

13 Snob 1.45 
14 Tarmugli  23.33 
15 Twins 1.84 

  



 60 

The park's boundary runs along the coast as well as to some distance along the island 
within the range of 110 22’ 06” and 110 35’ 34” N latitude and 920 30’ 30” and 920 40’ 33” E 
longitude covering a total area of 281.5 sq. km (Andaman and Nicobar Administration 
Gazette, 1999).  The area includes a vast stretch of bushy vegetated islands with coral reefs, 
sandy beaches and mangroves.  Coral reefs are found to occur all around the islands and are 
mostly of fringing and patchy type.   
 

The island-wise details of the status of coral reefs in the Mahatma Gandhi Marine 
National Park is given in the following table (Table 3.22) 
 

Table 3.22:    Overall analysis of status of corals in Mahatma Gandhi Marine National 
                          Park in Wandoor 

 
Live coral 
cover% 

Sl
.N

o.
 

Island 
name Inter-

tidal 
Reef 
slope 

Dominant genera 
No. of 
species 

recorded 

Probable 
causes for 

degradation 

1. Grub island 10 50 Acropora spp. & 
Porites spp. 

46 Boat anchorage 
& 
Sedimentation  

2 Chester Small 
patches 

15 Fungia spp. & Porites 
spp. 

29 Siltation  

3 Red Skin 20 60 Porites spp., Montipora 
spp. And soft corals 

48 Tourism 
activities and 
Boat anchorage  

4 Boat Small 
patches 

15 Porites spp. and 
patches of Acropora 
spp. 

20 Siltation & 
boat anchorage 

5 Belle 10 40 Porites spp. 21 Sedimentation  
6 Tarmugli 30 65 Porites spp. and 

Acropora spp. 
40 Sedimentation 

and Boat 
anchorage  

7 Snob 10 43 Porites spp. and soft 
corals 

25 Siltation  

8 Surrounding 
areas of  
Hobday, 
Pluto and 
Malay 
islands  

20 45 Porites spp. and 
Patches of Acropora 
spp. 

34 Sedimentation  

9 Jolly Buoy 30 70 Massive, Branching 
and soft corals 

63 Tourism 
activities, Boat 
anchorage. 

 
 Studies made so far have yielded baseline information on the coral reef ecosystem of 
Mahatma Gandhi Marine National Park at Wandoor. This can be used for further updating, 
monitoring and drawing suitable management plans for protecting conservating this 
ecosystem and also to create awareness among the stakeholders on the importance of coral 
reefs. These aspects could be further investigated during the course of the study relating to 
application of GIS for Andaman and Nicobar resource mapping, which is proposed to be 
taken up from 2002-03 onwards. 
 

Most of the areas of coral reefs are degraded.  Siltation may be the major factor. 
Infestation by Acanthaster planci is another cause.  Human activities (tourism, boat, diving, 
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etc) also harm the coral health.  Unfavourable environmental conditions, human interference, 
like trampling, overturning the coral blocks, snorkeling and scuba diving, etc., also appear to 
be responsible for the damage and destruction of corals in the Marine National Park. A ray of 
hope is that in many of the degraded areas new coral colonies are regenerating.  If 
environmental conditions are suitably managed (such as prevention of sedimentation by 
suitable coastal landuse practices), and minimizing harmful effects of human impacts, a better 
scenario of coral reefs could develop in the years to come. 
 

The marine faunal biodiversity of A&N Islands is given below (IOM, 2003): 
    

Name of the Group Number of Species Endemic Species 
Sponges 70 2 
Coelenterates 147 - 
Corals 179 - 
Polychaetes 161 - 
Pycnogonids 8 - 
Molluscs 790 - 
Meiofauna 324 193 
Fishes 500 - 
Reptiles 83 23 
Mammals 3 - 

 
3.2.3.3 Turtle nesting ground  
 
Gahirmatha – Orissa, India 
 

Bhitarkanika is a unique ecosystem (mangroves, nesting and breeding grounds for 
turtles) situated on the east coast of India in the state of Orissa. The area includes 
Bhitarkanika Wildlife Sanctuary and Gahirmatha Marine Sanctuary. Gahirmatha beach 
located in this Sanctuary supports the largest known nesting ground of olive ridley turtle in 
the world. About 0.2 to 0.7 million olive ridley turtles migrate to this beach for mass nesting 
during December - April every year (DOD/ICMAM-PD, 2002).  
  

A network of rivers crisscrosses the region. Flanked by the sea on one side 
Gahirmatha is a home to a wide spectrum of flora and fauna. The vegetation varies from 
deltaic mangrove forests to deciduous and semi-deciduous forests. 
 

Out of eight species of sea turtles found in the world, five species are recorded from 
the Indian waters viz. Lepidochelys olivacea, Eretmochelys imbricata, Dermochelys coriacea, 
Chelonia mydas and Caretta caretta. Of this, four species occur in the coastal waters of 
Orissa and Gahirmatha coast viz., Lepidochelys olivacea, Eretmochelys imbricata, 
Dermochelys coriacea and Chelonia mydas respectively in the order of abundance. 
 
Gahirmatha coast – General description 
 

Gahirmatha is situated (Lat 20o 52 ‘ to 20o 72’ N and Long 80o 77’ to 87o 05’ E) in 
Kendrapara district, Rajanagar taluk on the northeastern part of Orissa state. (Fig.15 &16). It 
is a low lying sandy coast with commonly occurring tidal creeks and mud flats and scanty 
vegetation comprising Ipomoea sp. and Spinifex sp. There are a number of sandy islands and 
the barrier ridge (barrier island), which protects the sandy island from erosion. The coast is 
drained by Baitarani, Brahmani, Dhamra, Maipura, Bansgarh and Ranhahansua rivers. The 
area extends to 35-40 km stretch along the coastline from Maipura river mouth in the North 
up to Hansua river mouth in the South. The beach is more or less flat with scattered sand 
dunes of 2-3 m height. The average beach width from the HTL is 80 m.  
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             Fig 15: Map of Gahirmatha coast. 
   
The dense mangroves are spread over an area of about 135 sq. km., open scrub in an 

area of about 17 sq. km and sandy islands in about 12 sq. km, besides settlement areas. A 
small part of the land is used for paddy cultivation, which entirely depends on the rain water. 
 

The air temperature in the area ranges between 15°C and 39°C. In a normal year the 
annual average rainfall is around 140-150 cm, with maximum precipitation during the south-
west monsoon, which sometimes spills over extends to October. Humidity, which is important 
for inducing the nesting activity of turtles and when the humidity ranges from 60 to 90% the 
construction or near by the turtles happen. 
 
 
 
 
 
 
 
 
 
 

                   
      
 
 
Fig.16: Satellite Imagery of Gahirmatha coast 

 
The surface water temperature vary from about 21o C to 31o C. Super saturation of 

dissolved oxygen beyond 8 mg/l is reported during hot summer months, when the value goes 
up to 13 mg/l in some parts of the sanctuary. The salinity ranges from about 12 to 34 ppt with 
the lowest salinity values recorded in the monsoon months. Suspended solids generally higher 
in summer than in other seasons and vary from 24 mg/l to 200 mg/l. The nutrient contents in 
different parts of the sanctuary indicate that nitrite is generally in the range of 0.1 µmol/l - 13 
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µmol/l, nitrate in the range of 0.1 µmol/l – 6 µmol/l and phosphate in the range of 0.3 µmol/l 
– 2 µmol/l. (DOD/ICMAM, 2001). 

 
Gahirmatha Marine Sanctuary 
 

To provide protection and proper management for olive ridley turtle breeding and 
nesting ground of Gahirmatha, the Government of Orissa has declared it as a Marine 
Sanctuary on 17th October 1997. The core area of the sanctuary is 725 sq. km where fishing 
is prohibited throughout the year. This has an average width of 11 km offshore of Ekakulanasi 
in the North – East and an average width of 10 km from Barunei muhana to Mahanadi 
muhana. Fishing is completely banned in this area from 1997, up to 20 n.m. from the shore 
area of Gahirmatha coast. The Buffer zone stretches over an average width of 10 km where 
fishing is restricted during the nesting season from December to April. 
 

The massive arribada nesting of the olive ridley turtles along the Gahirmatha coast in 
Orissa is a unique phenomenon and is one of the most interesting features in the biological 
realm. 

 
Development of the Resources Information System 
 
 A Resources Information System for Gahirmatha has been developed by Integrated 
Coastal and Marine Area Management Project Directorate of the Department of Ocean 
Development, which integrates the existing diverse coastal and environmental data collected 
by various organisations on biodiversity. Information systems on the nesting grounds, nesting 
population of this coast, data on the geomorphology, land use, shifting of nesting sites and 
causes for shifting of nesting sites in relation to turtle breeding and nesting, have been 
developed to facilitate monitoring and management of breeding and nesting grounds of olive 
ridley turtles in Gahirmatha coast. 
 

The information system incorporates the following: 
 

Ø Identification and mapping of sea turtle rookery in Orissa coast. 
Ø Present status of nesting population and hatchlings. 
Ø Present status of distribution of phytoplankton, zooplankton and benthos. 
Ø Mapping of distribution of mangrove vegetation. 
Ø Possible causes for shifting of the nesting site. 

 
Remote sensing (IRS ID LISS III January 1998) data along with field survey as 

primary sources of information and Geographic Information System (GIS) and Relational 
Database Management System (RDBMS) as tools have been used to analyse and develop the 
Resources Information System.  

 
Factors influencing Beach selection for nesting of turtles 
 

Bustard (1976) drew international attention to Gahirmatha coast nesting site, when he 
first reported mass nesting of olive ridley turtles in this area. He found that the mass nesting 
was restricted to only a few kilometres in the southern part near Maipura river. Availability of 
suitable nesting environment like sandy beaches, elevation, soil texture, presence of wetland, 
backwater and brackish water and mangrove vegetation in Gahirmatha coast has provided the 
right kind of environment for olive ridleys to migrate to this coast for mass nesting. The 
average beach width of Gahirmatha coast is reported to be 80 m above the high tide line, 
although in some places the width exceeds 100 m.   
 

Site selection and condition for nesting depends on the topography and substrate of 
the coastal environment. Heaviest nesting is usually observed along unlit beaches with no 
obstacles in the offshore approaches and beaches, which are sandy in nature with 3-4 m 
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elevation from high waterline and easily accessible from the sea (Mortimer,1982). The 
substrate must be fine enough to prevent collapse of the egg chamber during construction. 
Mortimer (1981) has found an optimum range of grain size for hatching and construction of 
nest and nests could fail if sand is too fine or too coarse. The biotic factors such as beaches 
between estuaries and sand banks off open beaches may also have a role to play in nest 
selection by the turtle. Human interference such as lighted beaches, physical structure on 
beaches, anti-erosion work, beach mining, etc., are known to have adverse effects on the 
nesting habits of sea turtle as well as on the emerging hatchlings. 
 
Sea turtle rookery in Orissa coast 
 

Olive ridley turtles (Lepidochelys olivacea) migrate every winter to nest en mass at 
three major rookeries in Orissa state from December to en- April with a peak in the middle of 
March. 
 

They are: 
 
v The Gahirmatha rookery located along the northern Orissa coast. The rookery extends 

35-40 km of the coastline from Maipura River in the north and Hansua river mouth in 
the south. 

v Devi river mouth (Jatadhar “Muhana” to Kadera river mouth), Cuttack district, 100 
km South of Gahirmatha (Kar, 1982). 

v The nesting beach 8 km North of the Gopalpur Port & 1 km east of the Chennai – 
Calcutta National Highway. 

 

 Studies on the nesting population of olive ridley turtles along the east coast, 
particularly along the Gahirmatha coast have revealed that there is a good amount of variation 
in the number and intensity of arribada from year to year (Bustard 1976; Kar and Bhaskar, 
1982; Silas et al., 1983, 1984,1985).  About 0.2 – 0.7 million turtles are visiting this beach 
every year during early winter for mass nesting (Chadha and Kar 1999). Table 3.23 gives a 
different picture. However, the actual number varies from year to year. 
  

Table 3.23 Nesting population of olive ridley turtles in Gahirmatha coast 
from 1976 to 2000 

 
Year Estimated number of nesting females                                       Source 
 
1976 1,50,000                              Kar and Bhaskar, 1982 
1977 1,50,000                                               -do- 
1978 2,00,000                                               -do- 
1979 1,30,000                                               -do- 
1983 2,00,000                                   Silas et al., 1983 
1984 5,00,000                                   Silas et al., 1985 
1985 2,87,000                                   Silas et al., 1985 
1986    80,000                     The Samaja (Orissa Newspaper) 
1987 6,00,000                                               do- 
1988    50,000                                              -do- 
1990 2,58,000                                              -do- 
1995 3,39,500                                              -do- 
1996 2,00,000                                              -do- 
1997    50,000                                              -do- 
1998    50,000                           Forest Dept. & RRL Data 
1999 2,53,000                                              -do- 
2000 7,00,000                                              -do- 
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 The number of nesting females at Gahirmatha has declined in recent years. It is 
opined that this may be due to unsuitable beach conditions. The beach width has been 
severely reduced due to erosion processes. The other possibility is that artificial illumination 
created by construction work at the Missile testing range in the nearby Outer Wheeler Island 
is causing disturbance for mass nesting of olive ridley turtles. 
 

Many nesting attempts are unsuccessful due to various factors such as disturbance on 
the beaches, pressure of predators, etc. Sometimes, the nesting site becomes unsuitable due to 
soil texture. The extremes of temperatures also affect the nesting. The time taken for complete 
nesting and laying eggs is about 1½ - 2 hours. The average number of eggs per clutch is 
reported to be around 100-110 (Fig.17).   
 
 
 
 
 
 
 
 
 
 
 
Fig.17: Olive Ridley turtle laying the eggs 

 
 
The percentage of live hatchlings 

emerging from natural nests varies from 51 to 95 
with an average of 74.5%. The hatchlings 
entering the sea during high tide are washed 
ashore, which again re-enter the sea with 
subsequent retreating waves. 
 
 

 
Shifting of the Gahirmatha mass nesting site 
 

 It has been observed that the mass-nesting site of Gahirmatha coast has been 
gradually shifting during the last 20 years, from Gahirmatha northward. In early 1970’s 
according to local villagers, mass nesting was near Satabhaya up to Ekakula. In 1974-75, the 
mass nesting site was observed along a 10 km stretch of the coastline from Gahirmatha to 
Ekakula. In the early 1980’s the turtles devastated the stretch from Satabhaya up to 
Habalikhati and nesting was observed near Ekakulanasi. The shifting of mass nesting site of 
olive ridley turtles in Gahirmatha coast between 1970s and 2000, is shown in Figure18. Kar 
and Dash (1984) and Silas et. al (1984) based on visual observations reported severe beach 
erosion in Gahirmatha every year. In 1984, beach erosion was noticed near Gahirmatha, 
immediately after the first nesting was completed. 
 

The beach erosion and accretion are regular phenomenon every year (Silas et al., 
1985).   In May 1989, a cyclonic storm swept across the Gahirmatha coast and fragmented the 
mass-nesting beach. However, currently due to the heavy erosion of this region, the width of 
the beach is reduced. The comparative data of beach width in Gahirmatha coast (1972 and 
1998) are given in table-3.24 

.  
 
 
 
 
 
 
 
 
 
 
 

Fig.18. Shifting of mass nesting site in Gahirmatha coast 
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Table 3. 24.  Comparative data of beach width in Gahirmatha coast 
 

Name of the place 1972 1998 
Satabhaya 
Gahirmatha 
Habalikhati 
Ekakula 
Barrier island (Nasi 
island) 

375 m 
405 m 
756 m 
70 m 

4 sq. km 

198 m 
101 m 
159 m 
123 m 

5 sq. km 

 
The mass nesting site which was originally located at Satabhaya to Ekakula (up to 

1990) disturbed by the opening of Maipura river into the Bay of Bengal cutting through the 
mass nesting beach. As a result, northern most tip got separated from the mainland forming a 
barrier island covering an area of about 4.94 sq. km. during 1998. This island is bound by 
Maipura river mouth in the west and by the Bay of Bengal on the east. The newly formed 
island has become known as the “Nasi Island” where mass nesting continued from 1990 
onwards.  
 
Marine Flora and Fauna  
  
116 species of phytoplankton with a maximum density of 75.000/m3 in Wheeler Island and 
71,600/m3 in Maipura River, 32 species of zooplankton with a density of 49 to 2904 
numbers/m³, 29 species of benthic organisms, 14 species of mangrove plants, have been 
recorded from this area. 
 
Threats  
 

 Decayed specimens of adults and various stages of hatchlings were found along the 
Gahirmatha beach during the nesting seasons. This was undoubtedly the result of incidental 
catch from fishing gears operated from mechanised and non-mechanised fishing crafts. The 
uncontrolled mechanised fishing in areas of dense sea turtle population has resulted in large-
scale mortality of adult sea turtles, during the last two decades in Orissa (James et al. 1989; 
Dash and Kar 1990; Pandav et. al 1994; Pandav et. al 1997). Mortality due to such illegal 
trawling has been increasing every year and reached 13,575 ridley in 1997-98 (Pandav & 
Choudhury 1999). Dash and Kar (1990) reported stranding of 4,682 adult olive ridley turtles 
at Gahirmatha rookery between September 1978 and May 1985. James et. al., (1989) 
documented the stranding of more than 8,000 numbers between 1983 and 1987. In the 1993-
94 season, 5282 dead olive ridley turtles were recorded (Pandav et. al 1994, 1997). During 
1998-99, the stranding of more than 30,000 olive ridley turtles was recorded in Orissa 
(Pandav and B. C. Choudhury 1999).  
 

Das (2001) reported that more than 20,000 of these turtles died during 2000 due to 
mechanised trawling in prohibited areas and non-use of the Turtle Excluder Device (TEDs) 
by the trawlers. The incidental catch of olive ridley turtles is given in table- 3.25. 
 

Table 3.25:  Incidental catch of olive ridley turtles (in numbers) 
 

Year No. of dead turtles recorded 
1990-91 
1991-92 
1993-94 
1994-95 
1997-98 
1998-99 
1999-2000 

        2,810 
        2,315 
        5,282 
        3,250 
       13,575 
      30,000 
      20,000 
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Another major problem encountered in nesting site of Orissa Coast, is that after the 
first arribada (January) of olive ridley turtles, the second mass arribada commences in the last 
week of March. A severe damage to the earlier nests is caused as females of the second 
arribada devastatingly dig up pits in the same stretches of the beach especially in the “core” 
area of overlap with the first mass nesting leading to mortality of hatchings. 
 
Suggestion for turtle conservation 
 

• For reducing the mortality of sea turtles, strict enforcement of Orissa Marine Fishing 
Regulation Act 1982 and Rules 1983, which prohibits any kind of mechanised fishing 
within 5 km of the shore along the Orissa is needed. Currently a few of the 3000 trawlers 
operating off the Orissa coast use Turtle Excluder Devices (TED) to minimize the turtle 
mortality. 

• Protection of nesting ground and aquatic habitats, minimizing human 
intervention/interference in the nesting area. 

• Creation of facilities for nesting, incubation, hatching and protection of the hatchlings 
along the beach. 

• National and international coordination of conservation strategies. 
• To create awareness among local people on conservation of turtle and it’s nesting 

grounds, through informal education, training, extension and media. 
• To conduct studies on the causative factors responsible for change in beach profile, which 

lead to shifting of nesting grounds and for planning corrective measures. 
 
3.2.3.4 Lagoonal Ecosystem/wetlands and waterways    
 

The brackishwater area including estuaries, backwaters, lakes, lagoons, marshy inter-
tidal and sub-tidal areas in India is about 1.6 million ha.  These areas act as breeding, feeding 
and nursery grounds for a variety of commercially important finfish and shellfish species, 
besides acting as the media of transportation, capture and culture fisheries, etc. 
 

Coastal lagoon is defined as an inland water body, usually oriented parallel to the 
coast, separated from the ocean by a barrier, connected to the ocean by one or more restricted 
inlets and having depths which seldom exceed a couple of metres.  Lagoons are formed 
because of rising sea level during the Holocene or Pleistocene and building of coastal barrier 
by marine processes.  Depending on local climatic and hydrologic conditions, lagoons exhibit 
salinities, which range from completely fresh to hyper saline (Knoppers et al., 1991).  Coastal 
lagoons occupy 13% of coastal areas worldwide and are often impacted by both natural and 
anthropogenic influences (Sikora and Kjerfve, 1985). 
 

Sandy sea beach systems, which are unique environments providing shelter and 
protection to a large number of interstitial organisms; salt marshes and open tidal flats found 
along the inter-tidal areas, estuaries and lagoons which play a major role in the life cycles of 
economically important species, particularly providing them shelter and food for a variety of 
marine organisms, also constitute some of the critical coastal habitats that need protection 
from human interference. 
 
3.2.3.4.1  Chilka Lake & Pulicat Lake ecosystems  - India 
 

 These lakes constitute the fragile ecosystems in the east-coast of India.  They are 
important indicators of environmental degradation, and mirror the extent of ecological health.  
They exhibit very high primary and secondary production rate and provide nursery and 
breeding grounds for many species of marine fauna.  They are valuable for fisheries and 
aquaculture and sometimes for salt extraction. 
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 These lakes are experiencing an accelerated decline in water quality and siltation and 
other major environmental problems such as pollution of both the sediment and water column 
by trace metals and nutrients, increased turbidity shoaling of the shallow peripheral bays and 
stream mouths. 
 
 The latest studies on the Chilka lake and Pulicat lake and their biodiversity are 
credited to the Institute of Ocean Management, Anna University and the environmental status 
of these two lakes presented in this report is a summary of the report contained in a document 
entitled “ Coastal Environment and Management “ (2001) edited by Prof. S. Ramachandran, 
Director of that Institute and the inputs received from the Department of Fisheries & Chilka 
Development Authority, Government of Orissa on 18th July, 2003. 
 
Chilka Lake Ecosystem, Orissa, India   
 

Chilka Lake the largest brackishwater lake is Asia lies between 19o30’ – 19o57’N and 
85o5’20’’ - 85o29’20’’E.  It extends from Puri district in the north to Ganjam (Bhusandpur) 
district in the south in the state of Orissa (Ramhba Malud) (Fig.19).  This wetland is separated 
from the Bay of Bengal by a spit of about 60 km.  The lake’s maximum length is 64 km with 
a breadth of 20 km.  The lake covers an area of 1165 sq. km during the rainy season and 
shrinks to 906 sq. km during summer.  Depth of the lake varies from 1.73 to 3.7 metres during 
monsoon months (Orissa Fisheries, 2002). About 3,75,000 cusecs of floodwater flows out of 
the lake through Magarmathan mouth to the Bay of Bengal (Panigrahy, 2000). 
 
 It forms part of the Mahanadhi delta and is fed by the rivers Daya, Bhargavi and 
Numa from the north and Rushi Kulya from the South.  Chilka is connected to the sea by the 
Palur Canal.  Chilka has acquired its brackishwater character because seawater from Bay of 
Bengal flows into it at high tide through at 35 k long, narrow, zig-zag channel, the 
Muggermukh.  Excess freshwater from the rivers flows into the sea through the same channel. 
It is this water exchange process that gives the lake its peculiar characteristics.  The 
brackishness varies not only with the seasons but also from area to area, with salinity being 
highest near the mouth of the Muggermukh and lowest in the northern zone of the lake.  The 
lake turns into a sweet water ecosystem for 6 months in a year from July to December.   
 

 
 

Fig. 19. Map of Chilka Lake 
  

The cycle of sweet-saline change provides favourable environment for the growth of 
zooplankton and fishes of freshwater regime for six months and saline water for the 
remaining part of the year.  The transition period is a critical one.  Those zooplankton, which 
tolerate both sweet and saline environment remain unaffected by such natural changes and the 
rest perish along with the weeds creating unfavourable environmental conditions. 
 
Siltation 
 
 Siltation is the most significant threat to the general ecology of the lake environment.   
According to government records, siltation has shrunk the lake size from 906 sq. km in 1914 
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to about 800 sq. km and the average depth has dropped from 2.4 m to less than 1.5 m.  High 
rate of siltation is mainly due to deforestation along the feeder rivers and on the hillsides to 
the west and southwest. 
 
 The freshwater input into the lagoon along the Northeastern and Southwestern side is 
largely due to the flow tributaries of major rivers in Ganjam and Puri district.  These 
tributaries are reported to be carrying an enormous load of 13 million tonnes of silt along with 
floodwater rendering the lake shallow and turbid, as the flushing rate into the sea through the 
narrow and elevated bar mouth opening is not adequate.  Siltation in the northern sector had 
favoured massive growth of weeds; the same in the outer channel area punctuated the juvenile 
transfer from the sea into the lake and vice versa.  The density of many valuable species like 
prawns and mullets showed conspicuous decline due to the siltation problem. With the 
deepening of Palur Canal and Magurmukh canal, recently there is a vast improvement in the 
condition of the lake and also augmentation of the fishery resources because of fresh 
recruitment, due to the result of permanent connection to the sea and exchange of water and 
migration of marine/estuarine organisms for breeding, feeding and further growth. 
 
Land use/land cover pattern 
 
 Green pastures, patches of low-lying vegetation, rocky headlands and promontories, 
border the shores of the lake.  There are a series of bays.  The southwestern corner of the 
lagoon was once connected to the Rushikulya estuary.  Western side is connected by a man 
made canal called Palur canal, which is used primarily for navigation.  The outlet channel is 
gradually silting as a result of which there is reduction in the tidal influx and lowering salinity 
of the lake on one hand and rise in water level on the other. 
 
Cyclones/storm surges 
 

Cyclonic activities along the Orissa coast between Gopalpur and Puri, which covers 
the Chilka lake area, occur during August – October.  Several cyclones have hit this coast 
during the last 100 years, of which the Super Cyclone of 1999, devastated the entire Orissa 
coast resulting in heavy loss to property and life.   
 
Environmental Status 
 
 Chilka Lake was designated as a wetland of international importance under the 
Ramsar Convention in 1981, and is one of the 16 wetlands identified by the Government of 
India for special conservation action. Due to the conservation, management and 
developmental measures taken up by the Chilka Development Authority, Government of 
Orissa, Chilka Lake has now been removed from the list of Ramsar Sites.  
 

This lake is eutrophic in nature.  Productivity of such category of lakes is influenced 
by the nature of the shore; transparency and turbidity of water, temperature and water supply 
form the catchments.  The lake is well known for its fish and crab population, as a sanctuary 
for local and migratory birds, for changing scenery of its blue water with season and as a 
tourist and recreation centre.   
 

The rivers are silting up northeast sector of the lake covering 179 sq. km area.  An 
enormous load of 13 million tonnes of silt a year by the river systems that feed the lake, 
render the lake shallow, turbid and a substrate characterized by loose mud.  The area between 
outer channel and Bay of Bengal suffers from sand casting.  This reduces tidal ingress and 
flushing.  As a result, the brackishwater environment gets disturbed.   
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Eutrophication and macrophyte infestation 
 
 In the recent past enormous quantities of nitrogen and phosphorous have been added 
into the lake as residual chemical fertilizers from ploughable lands.  Siltation and fall in 
salinity and addition of nutrients from the catchment areas have considerably favoured the 
macrophyte growth in the lake.  The present estimate shows that the western half of northern 
sector has been infested with different weeds up to 6 km inside the shore (Pangigrahy, 2000).  
An anoxic environment is evident in the macrophyte infested northern sector due to 
decomposition of litter fall.  This has destroyed the breeding ground of several species of 
fishes and crustaceans, which ultimately affected the biodiversity of the lake environment. 
 
Biodiversity  
 
 The following table gives the Fauna of Chilka Lake as recorded by the Zoological 
Survey of India in 1995 (Table: 3.26).  

 
Table 3. 26. Fauna of Chilka Lake 

 

No. Taxon Species Genera Family Order Remarks / 
Reference 

1 Protozoa 61 37 31 12 
2 Porifera 7 5 4 3 

(excluding 
hydrozoa) 

3 Coelenterata 17 (6) (5) (2)  
4 Ctenophora 1 1 1 1  
5 Sipuncula 1 1 1 1  
6 Echiura 3 2 1 1  
7 Bryozoa 2 - - -  
8 Entoprocta 1 1 1 1  
9 Platyheleminthes 66 54 33 (4)  
10 Annelida 32 - - -  
11 Crustacea 63 42 21 2  

   12 Insecta Numerous - - -  
13 Mollusca 136 100 66 17  
14 Echinodermata 5 47 - -  
15 Protochordata 1 1 1 1  
16 Pisces 217 147 71 15  
17 Amphibia 7 3 3 -  
18 Reptilia 30 26 11 -  
19 Aves 159 92 27 8  
20 Mammals 19 18 10 5  

    (Source : ZSI, 1995) 
 
 The Table 3.27 gives an account of the biodiversity of Chilka Lake. 
 

Table 3.27.  Biodiversity of Chilka Lake 
 

Parameter Counts / species 
Phytoplankton 
Cell count (nos/l) 
Total no. of species 
Major  

 
7360-9040 
97 
Peridinium, Stephanodiscus 
Oscillatoria and Navicula 

Zooplankton  
Biomass (ml/l) 
Total  
Major groups 

 
0.03-0.27 
26 genera 
Copepods, Veligers, Naupulii, Protozoans, Rotifers 
Polychaetes and Mysids 
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Parameter Counts / species 
Macrophytes dominant species Potamogeton pectinaes, Halophila ovata, Scripus 

articulatus and Gracilaria verrucosa 
Faunistic composition  
Invertebrates 
Benthic fauna 
Amphibians 
Reptiles 
Icthyofauna 
Prawns 

 
72 (of which prawns 21 and crabs 5) 
72 (gastropods and bivalves predominant) 
4 
10 
166 
Penaeus monodon, P. indicus, P. semisulcatus and 
Metapenaeus monoceras 

Vegetation 
Floating plants 
Submerged plants 

 
Azolla pionnata and Pistia stratiotes Potamogetan 
Pectinatus, Halophila ovata, H. beccarii 

Heavy metals concentration in 
fish (µg/g flesh wt)  
Zn; Pb; Ni; Cu; Cr; Cd; Hg 

 
 
5.4; 0.4; 0.4; 05; 02; 0;01; 0.005 

 
Fisheries 
 

A total of 247 species of fishes comprising 147 genera under 71 families and 15 
orders have so far been recorded in this lake.  Annual fish catch from the lake declined 
steadily from 8590 tonnes in 1985-86 to 1270 tonnes in 1995-96, remaining almost static 
around 1650 tonnes for over 4 years between.  Thereafter the fish production has shown an 
increase during 2000-02, recording 4889 tonnes in 2000-01. The most common species of 
Chilka lake are, Mugil macrolepis, Lisa parsia, Lates calcarifer, Hilsa ilisha, Nematolosa 
nasus, Pseudoscaeiena  coiber, Eleutheronima tetradactylus, Mystus gulio, Sillago sihama, 
Chanos chanos, Gerres setifer.  Fish landings from Chilka Lake during 1985-2002 are given 
in Table 3.28.  
 

Table 3.28. Data on fish and prawn landing at Chilka from 1985-86 to 2001-2002 
 

         (in metric tonne) 
Year Fish Prawn Total Crab 

1985-86 7446 1144 8590 - 
1986-87 7283 1589 8872 - 
1987-88 6863 1241 8104 - 
1988-89 5211 917 6128 - 
1989-90 5493 1177 6670 - 
1990-91 3792 481 4273 - 
1991-92 3680 876 4556 - 
1992-93 3207 951 4158 - 
1993-94 2798 6887 3486 - 
1994-95 1239 176 1415 - 
1995-96 1056 214 1270 - 
1996-97 1352 281 1633 12 
1997-98 1492 150 1642 10 
1998-99 1556 137 1693 10 
1999-00 1556 180 1737 9 
2000-01 3818 1071 4889 94 

2001-02 (up to 
September’ 01) 

2618 942 3560 48 

           Source: Fisheries Statistics of Orissa (2002) & CDA (2001) 
 

30 species of prawns have been identified from the lake environment, but six penaeid 
species, viz.  Penaeus monodon, P. semisulcatus, P. indicus, Metapenaeus monoceros, M. 
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affinis and M. dobsoni are considered more important because of their export value.  Four 
species of crabs viz. Scylla serrata, Portunus pelagicus, Varuna littoralia, Paratelphus sp.  
were reported from the lake.   
 
Socio-economics 
 

 People living around the lake area irrespective of caste and creed, depend on fish 
catching and fishing trade for their livelihood.  There are about 132 fishermen villages in and 
around the lake comprising 1,22,340 fishermen and their economic condition is very poor. 
Fish and shellfish harvesting constitute a main economic activity of this region.  In addition to 
rich capture fisheries, the shrimp production has been augmented by brackishwater 
aquaculture near the lake by adopting traditional and improved methods.   
 
 Influence of refugee fishermen, intensified fishing in the in-shore waters, catching of 
fingerlings and over-exploitation of shrimp in the near-shore waters are causing threat in 
reducing the resources available for exploitation.  This has been mainly attributed to over- 
fishing, although the limitations of juvenile transfer from the sea end, and loss of breeding 
and spawning ground of these species are considered important.  At present, over 1.5 lakh of 
traps and 21000 nets are used daily in this lake, which was much less during 1950’s and 
1960’s.  Hence, over fishing can be considered as a cause of concern for the sustenance of 
fisheries and its associated socio-economic features of this lake ecosystem. 
 
Industrial activity 
 

 Entry of sewage, pesticides and chemical fertilizers is gradually increasing in Chilka 
Lake posing a major threat to the Chilka Lake ecology. Industrial developments are taking 
place around the western part of the lake.  Industries are also coming up in the catchments 
areas of these rivers.  Residues of chemicals and fertilizers used for intensive agriculture find 
their way into the lake and the outer channel.  Wastewater of the Naval Cadet training ships 
and power driven boats are being discharged into the lake.   
 
Pulicat Lake 
 

 Pulicat lake, the second largest brackishwater lake in India, is located between 13o26’ 
and 13o 43’N latitude and 80o03’ and 80o18’ E longitudes, lying almost parallel to the Bay of 
Bengal (Krishnan & Sampath, 1972).  The Pulicat lake extends over the Ponneri and 
Gummidipundi Taluk and Thiruvallur district in Tamil Nadu and Sulurpet and Tada Taluks 
and Nellore district in Andhra Pradesh and covers an area of about 469 sq. km (Fig.20). While 
1/3rd of the lake lies in Tamil Nadu, 2/3rd (northern part) lies in Andhra Pradesh. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.20 Pulicat Lake and its surroundings 

             Pulicat Lake is reported to have 
evolved around 6000 years ago at the 
peak of Holocene sea level rise by the 
growth of coastal sand barrier across the 
eastern side of the captured river plain.  
The lake extends to about 59 km from 
north to south direction with a maximum 
width of 19 km in east west direction in 
the northern sector of the lake.  The 
narrow west region of the lake is near 
Pazhaverkadu village measuring about 
250 metres.   
 
             The average depth of the lake is 
about 1.5 metres and the minimum and 
maximum depth varies between 0.5 and 
6.0 metres, respectively (Ramesh & 
Ramachandran, 2001). 
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The lake at its southern end, near north of Pulicat (Pazhaverkadu) town open into the 

Bay of Bengal by a narrow pass (bar mouth) into the sea, which closes very often. 
 
In the northern part of lake, there are two large islands Veynadu and Irakkam and a 

much smaller one called Kuruvithittu, all of which have deposits of sub-fossilized clam shells.  
On the eastern side, the Sriharikota Island extends north to south all along, as a narrow strip 
of sand bar between the lake and Bay of Bengal with an approximate width of around 2 km. 

 
Rivers Swarnamukhi, Kalangi, Kaleru, Arani, which is seasonal rives and 

Buckingham canal bring in enormous quantity of floodwaters during the monsoon and 
consequently the average water level increases by about 1.5 metres.  The mud flats around 
Pulicat lake, Annamalaicherry, Arangam, north of Tada, north east of Veynad island, and the 
low lying areas adjoining the Buckingham canal in the south, all get flooded during monsoon 
period.  But towards the summer and the post summer months, from March to September, the 
water recedes slowly and the water level falls by about 1.2 to 1.5 metres. 
 
Changes in the configuration of the Lake 

 
 There have been changes in the configuration of the lake over the past four centuries.  
After the establishment of Sriharikota Rocket Launching Station a road has been built 
constructed laid to link Sriharikottah with the main land, leading to bifurcation of the lake.  
However, at present northern part of the lake is almost dried up probably due to siltation.  The 
lake area has reduced from almost 490 sq. km in 1700 to 281 sq. km in 1998.   

 
 The mouth normally gets completely closed once in about five years or even a little 
more frequently if there is no monsoon flood in a particular year.  According to the earlier 
available reports, bar mouth remained closed for over 6-7 months (Krishnan & Sampath, 
1972), which was observed even thereafter in the mid-seventies.  The main reasons are the 
continuous silting up of the lake, lack of adequate freshwater inflow into the Lake from the 
rivers, poor monsoonal effect and reduction in the overall water level in the lake, coupled 
with the littoral drift and sediment transport and deposition in the coast adjoining the lake due 
to wave action.  

 
 Due to the effect of tidal flow, a difference of about 1.0 metre in the height of the 
water column is encountered at the pass, with the tidal influence felt up to a distance of about 
10 kilometres north of the pass.  The tidal amplitude decreases as the sand bar closes the pass.  
 
Environmental status 

 
 Pulicat Lake is a typical lagoon like environment, serving as a nursery for a number 
of finfish and shellfish species. It supports commercial fishing with major fish landing centers 
are Pulicat, Sunnambukulam and Arambakkam.  During the summer season, the temperature 
and salinity increase rapidly due to bar mouth closure and restrict the mixing of seawater.  
Apart from the richness of the zooplankton, phytoplankton and fishes in the lake, this 
brackishwater is a big bird sanctuary mainly to the Flamingos. The problems of coastal 
accretion and erosion are encountered south of the bar mouth. For lack of freshwater flow, 
drastic changes are taking place in the biodiversity of the lake. 

 
 Reduced fish catches and competition for fishing owing to substantial increase in 
fishermen population, dependant on the fishery resources for their livelihood have led to 
increased fishing pressure in the lake. Lake is also under pressure from farmland-based 
sources of pollution, such as discharge of industrial wastes and siltation. 
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Water quality 
 
 During the summer months, a gradual increase in salinity and temperature from the 
southern to northern part is evident.  In extreme conditions the salinity reaches even up to 140 
ppt in some shallow northern belt, where salt pan like conditions prevail.  During the 
monsoon seasons, salinity and temperature drops down considerably in the entire lake area. 
 
 Turbidity varied in relation to season and regions, and even showed diurnal variation.  
However, turbidity was high during the monsoon season as a result of the silt and detritus 
input from rivers.  During the post summer and post monsoon seasons, the lake is less turbid.  
Water in the northwestern sector is more turbid than in the southern sector.  
 
Biodiversity 
 
 Comparison of the results from 1960 to 2000 shows that the fauna and flora in the 
ecosystem have changed quantitatively and also qualitatively.  It is mainly due to the 
reduction in depth and shrinkage of the Pulicat Lake.  The anthropogenic influences like over- 
exploitation of resources and land use changes (alteration of the habitat) have influenced the 
ecosystem.  The land use changes are negatively correlated with the changes of resources.   
 
 The lagoon supports a rich growth of filamentous algae.  The seagrass Halophila sp., 
and Siringodium sp. are common in this lake and they support a variety of fauna.  Mangrove 
tree Rhizophora has been planted in some parts of the lake. 
 
 The lake has rich population density and diversity of planktonic organisms.  The 
north eastern sector of the lake is more productive in terms of planktonic biomass.  49 species 
of phytoplankton, 88 species of zooplankton and 59 species of meiofauna have been reported 
from this lake.  The organic productivity of the Pulicat lake water generally ranges from 312 
to 250 mg/m2/day and the production peaks coincided more or less with that of the 
phytoplankton peaks (Ramesh & Ramachandran, 2001). 
 
 Economically and ecologically important macrofauna have virtually vanished from 
the lake. Some of the molluscs of the lake, which were recorded during 1950s are rare now. 
 

 Pulicat Lake is an extremely important area for a wide variety of resident and migratory 
aquatic birds notably pelicans, herons and egrets, storks, flamingoes, ducks, shorebirds, gulls, 
and terms.  Pulicat is the third most important wetland for migratory shorebirds on the east 
coast of India, particularly during the spring and autumn season. 
 

 The biodiversity of the lake and changes in the biological resources of the Pulicat 
Lake is presented in the following tables (Table –3.29& 3.30). 
 

Table 3.29. Biodiversity of Pulicat Lake 
 

Parameter Population 
Phytoplankton Number of species – 49’diatoms – 30 

Dinoflagellate – 6 
Blue green algae – 6 
Concentration  - 19,000 – 1,35,000 cells/L 

Zooplankton Number of species – 88 
Concentration – 17-90 ind/L 

 Major groups – Copepods 
 Dominant species – Eucalanus  
Benthos Number of species – 57 
 Concentration – 5,00 – 28,000 ind/sq.m 
Macrofauna  Number of species – 26 
Macro algae Number of species – 12 
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Parameter Population 
Seagrass Major species – halophilla sp. Halodule 

sp. 
Fishes Number of species – 39  
 Dominant groups – Channos chanos, 

Mullets, Mugil cephalus, Liza parsita, 
Plotosus canius, Sardinella sp. Hilisa 
keele etc. 

Birds Number of species – 212 
 Available birds – 1,10,000 
 Major species – Tachybaptus ruficolis, 

Pelecanus Phillippenses, Phalacrocorax 
fuscicolis, P. niger, Herons, Egrets, 
Flamingos (R. rubber) etc. 

 
     

Table 3. 30: Changes in major biological resources of Pulicat Lake 
 

Resource Tot. recorded species 1960 1980 2000 
Phytoplankton 87 34 30 49 
Macro algae 18 16 8 12 
Zooplankton 88 31 44 31 
Benthos 59 Not available Not available 57 
Macro fauna 64 43 28 26 
Fishes 81 50 13 39 
Birds 120 Not available Not available 115 

  
 The lagoon supports significant populations of Tachybaptus ruficolis, Pelecanus 
phillippenses, Phalacrocorax fuscicolis, P. niger seven species of herons and egrets, Mycteria 
leucocephalus, Platalea leucorodia, Dendrosygna javanica, and Anas poecilorhyncha.  The 
largest concentrations of flamingoes (P. rubber) occur in the Andrha Pradesh part of the 
sanctuary, around the islands of Veynadu and Irakkam. The centre of the lake has more 
number of migratory bird population diversity and density supported by dense algal biomass.  
The rooted and submerged aquatic macro-phytes and filamentous algae constitute the benthic 
flora of the lake.  They are generally seen in shallow regions and around islands.   
 
Socio-economics 
 
 Total population of the villages is around 7000 with an annual income of Rs. 10,000. 
Construction of Sriharikottah Rocket Launching station has led to displacement of the fishing 
community and fishing activity from some fishing villages.  Literacy level is very low.  Most 
of the children drop out after elementary level of education.  Electricity and water supply 
facility are there in the villages.  People own their own catamaran and mechanized boats for 
their fishing activity.  They have ‘padu’ system of fishing in the lake region, which is very 
peculiar to this lake, where the location, days and times of fishing by different villages 
have been prescribed for decades, to regulate fishing and to avoid conflicts between the 
villagers on the fishing rights in the lake. However, in recent years due to increase in the 
population of the villages, conflict between these village communities for the fishing catch in 
the lake is slowly coming up.   
 
 The major land based activities at the southern end of Pulicat Lake are Satellite port 
at Ennore and North Chennai Thermal Power Plant.  The major villages, which are directly 
influenced by these activities, are Kattupalli, Kalangi, Sattankuppam, Vairankuppam and 
Lighthousekuppam.  These villages located near the narrow sand bar, which acts as a barrier 
between the lake and the ocean are threatened by severe coastal erosion. During the past 15 
years, due to natural erosion, the shoreline in this area has shifted towards the western side for 
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about 500 metres.  Due to the shifting of shoreline, the people of this village moved to west 
and built their houses on the Buckingham Canal itself.  Now after the construction of the 
Ennore port, the people of this region are expecting more coastal erosion.   
 
Shell mining and Shell processing related social problems 
 
 The villages in the central part of the lake are traditionally engaged in shell mining 
activity.  They are collecting shells from the Irakkam and Veyadu islands and near the old 
Arangam village on the eastern side in Sriharikota Island.  In these regions, rich accumulation 
of bivalves (molluscans) is present in embedded sediments at a depth of 1 to 2 metres.  These 
shells are mined, processed and sent for to marketing for lime burning industries and for use 
as poultry feed.  Andhra Pradesh and Tamil Nadu governments have recently banned this 
activity as it increases turbidity and adversely affect the biodiversity.   
 
Bar mouth dynamism and its impact on social status 
 

The bar mouth shifts frequently causing changes in inlet channel shape and direction.  
The velocity of water flow at the entrance channel is around 35 cm/s. There are around 20 
villages near the bar mouth region on the landward side.  People of this region are facing 
acute shortage of drinking water due to salt-water intrusion.  During the summer season, the 
inlet channel (bar mouth) becomes very narrow (to a width of around 20 m) minimizing the 
mixing of seawater, thereby increasing the salinity, which leads to adverse ecological impacts. 

 
3.2.3.4.3    Chennai-waterways 
 

Chennai being a fast developing coastal mega city, faces a variety of following 
problems (DOD/ICMAM-PD, 2002):  
 

• The Pulicat Lake in its north is an ecologically sensitive brackishwater body.  Rich in 
biodiversity in the past, it is now being threatened by over-exploitation of its 
resources, reduction of water spread area due to lack of flow of freshwater from 
upland rivers, frequent closure of mouth and likely influence of industrial effluents in 
future.  This offers a major threat to an ecologically sensitive area. 

• A newly constructed Ennore Satellite port causing accretion of sand at its southern 
end is likely to cause disturbance to Ennore shoals, which are protecting the coast. 

• An industrial zone south of Ennore port i.e., Ennore and Manali, disposing wastes and 
coolant water into creeks and the coastal water, leading to industrial pollution. 

• Chennai port and associated fishing harbour causing erosion at its north and accretion 
of sand at Cooum river mouth, which carries city waste water for disposal into the sea 
– leading to changes in coastal geomorphology, loss of land and prevention of waste 
disposal. 

• Likely growth of beach tourism along 40 km long clean beaches from city outer limit 
to Mahabalipuram, threatening the ground water resources, aesthetics and loss of 
green cover. 

 
Industries 
  

The industries are located primarily in Manali, Ennore, Ambattur and Gummidipundi 
areas apart from the industrial estate at Guindy and tanneries in Pallavaram.  There are 14 
major industries in the Ennore-Manali area and 1000 small-scale industries in Ambattur.  The 
industries at Manali and Ennore are mostly chemical-based, manufacturing petro-chemicals, 
fertilizers, pharmaceuticals, paints, etc.  There are 2 power plants at Ennore, namely, Ennore 
Thermal Power Plant with a production capacity of 200 MW and North Chennai Thermal 
Power Plant with a production capacity of 600 MW.   
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Ports and Fishing Harbour 
 
 The Chennai Port, one among the 12 major ports in the country, was handling a 
variety of products from iron ore to containers.  The length of southern breakwater is 2.2 km 
and northern is 1.2 km.  It handles 36 million tonnes of cargo every year.  The adjoining 
fishing harbour has a northern breakwater of 0.7 km and southern breakwater of 1.05 km.  
The Ennore Port is a satellite port.  Its northern breakwater is 3.1 km long and the southern 
breakwater 1.1 km long.  It primarily handles coal, for the 2 power plants located nearby.  The 
Chennai Port is dredging 1 million cubic metre of sand every year and emptying it east of 
harbour, as dredgers are unable to reach nearer to the shore due to shallow draft.   
 
Tourism 
 

Chennai is known for beach tourism, especially the Eco-tourism along the Marina 
beach and the beach of suburbs, especially at Injambakkam and Mahabhalipuram.  The shore 
temple and associated sculptures at Mahabalipuram also called as Mammallapuram attract a 
large number of tourists.  There are a few beach resorts and 2 amusement parks located 
between the city outer limit and Kovalam.  There are a few day attractions including 
Crocodile Park, Dolphinarium, Water Falls, etc.  Chennai receives approximately 5000 
tourists and beach visitors per day.   
 
Fishing 
 
 Fishing operations are prevalent in the coastal waters and Pulicat Lake.  Small-scale 
artisanal fishing also prevails at Ennore Creek and backwaters of Muttukadu.  The coastal 
fishing yields approximately 28600 tonnes of fish per annum.  There are 104 fishing villages 
in this area.  Even though fish catch is increasing every year, the Catch Per Unit Effort 
(CPUE) has been declining, indicating decreasing income to the artisanal fishermen. 
 
Pollution in Waterways and Coastal Waters of Chennai 

 
It is estimated that daily average consumption of freshwater in Chennai is 100 litres 

per capita.  Sewage predominantly contains putrefied organic matter having BOD component, 
which also contributes to sludge.  The water contains dissolved solids, mainly the chloride, 
phosphorous, nitrogen, sulphate, iron, due to use of detergents and other materials in the 
households. The putrefied organic matter in the sewage leads to presence of high 
concentration of pathogenic bacteria in the sewage. Chennai city generates roughly 3000 tons 
of garbage per day with a per capita contribution of less than 1 kg on average. 
 

Sewage is disposed into the waterways through sewers, canals etc.  The existing 
sewerage system is characterized by independent collection, conveyance, treatment and 
disposal.  In Chennai city, the sewerage network is being operated through 134 pumping 
stations, which convey collected sewage to six Sewage Treatment Plants (STP) with a total 
capacity of 268 MLD. It is projected that average sewage flow may touch 539 MLD in the 
year 2001; 731 MLD in 2011 and 803 MLD in 2021.  The existing sewerage system is 
inadequate to receive the waste generated, which gets compounded by the existence of several 
open sewers resulting in direct flow of wastewater into the waterways. Apart from these, 
several other outfalls from commercial institutions, sewage treatment plants, pumping stations 
and sewer/storm water drains, discharge wastewater into respective waterways in their basin. 
The waterways receive treated and partially treated wastewater from the sewage treatment 
plants and untreated wastewater generated from human settlements in the basin area. The total 
drainage area through waterways basin has been estimated to be 83 sq. km.   The quantity of 
sewage drained into different waterways is given in the following Table –3.31. 
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Table 3.31: Quantity of Sewage discharged through waterways at Chennai (as in 2000) 
 

Sl.No Waterways basin Drainage Area 
(Sq. km) 

Sewage generation 
(MLD) 

1 Adyar river 12 87 
2. Cooum river 20 92 
3 Buckingham canal 

North B.canal 
Central B. canal 
South   B. canal 

 
10 
5 
2 

 
83 
46 
29 

4 Captain Cotton 
canal 

10 47 

5 Otteri Nullah 24 129 
6 Mambalam Drain 6 19 
 Total 83 532 

               (Source:  CPCB, 2001) 
 

It has been estimated that both rivers that are carrying bulk of sewage of the city have 
a total BOD load of 6.4 tons/day (Cooum = 3.9; Adyar = 2.5) and a COD load of 12.2 
tons/day (Cooum = 1.1; Adyar = 11.1).  The BOD load of Buckingham canal, estimated based 
on the sewage generation in 1999, is 14 tons/day, which is more than the combined load of 
Adyar and Cooum.  Higher counts of E. coli are observed in waters during summer in the 
Adyar and Cooum rivers and the Buckingham canal. An analysis of biological samples like 
clams, oyster and prawn revealed occurrence of normal values of cadmium, lead, zinc and 
chromium in the tissues of the animal, indicating no contamination of heavy metals in the 
tissues of the organisms.  
 

In order to distinguish the wide range of characteristics and developmental activities, 
the coastal area and associated hinterland are divided into the following four zones: 
 
Zone 1:  Impact in Ecologically Sensitive Coast (Pulicat lake) 
 

Impacts  Likely influence of satellite port on Pulicat lake entrance, water quality changes 
due to decreasing inflow of fresh and sea water 
 

Zone 2: Industrial Growth, Ennore Port Development and Backwater - Coastal Stretch at Ennore 
 

Impacts  Development of satellite port causing acceleration of accretion at Ennore creek 
mouth, dredging for allowing tidal exchange and disposal of dredged material 
affect sediment transport, disposal of industrial waste coupled with domestic waste 
from Buckingham canal led to deterioration of creek water quality. The Ennore 
creek, a life line for both fisheries and industries such as thermal power stations, 
experiences continuous sediment deposit at the inlet resulting in obstruction to the 
free tidal influx and flushing of wastes into the sea. 
 

Continuous dredging operation at the bar mouth temporarily increases the water 
depth imposing restriction on the use of the traditional gear (Kattuvalai) as depths 
larger than 3 to 5 ft. are not suitable for traditional fishing. Along with the water 
drawn by the NCTPS, fish and shrimps enter the forebay resulting in reduction in 
fish catch. Fishermen living close to Ennore creek and NCTPS and fish population 
in the Ennore creek are exposed to pollution due to disposal of industrial wastes. 

 
Zone 3: Chennai Port Development and Human Settlement- Coastal Stretch between Ennore 
Creek and Adyar Estuary 
 

Impacts  Ennore Thermal Power station discharge fly ash mixed with water and pumps 
slurry into the sea very near to the shore and, as a result, upto 500 m of the coast is 
devoid of marine benthic life. Treated Industrial effluents from Madras Fertilizers 
Ltd., Manali Petro Chemicals Ltd., Tamil Nadu Petro Chemicals Ltd., Madras 
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Ltd., Manali Petro Chemicals Ltd., Tamil Nadu Petro Chemicals Ltd., Madras 
Refineries Ltd., SPIC Ltd., Shriram Fibres Ltd., ICI, EID Parry (India) Ltd., 
discharge traces of heavy metals into Ennore creek. Along the north coastline, 
fishing harbour experiences hostile environmental conditions both during 
southwest and northeast monsoons resulting in abnormal loss of land due 
construction of port.  Human settlements especially that of fishermen are severely 
affected due to this problem. 
 

Royapuram 
 

Sediment depletion due to port structures causing erosion, loss of coastal 
properties, compulsory rehabilitation of native fishermen, heavy vehicular traffic 
due to port activities, sea water intrusion. As a result of physical alteration of the 
habitats and pollution, there has been decline in biodiversity in the estuarine 
ecosystems. The sea of this area is an intensive zone of fishing by artisanal and 
mechanised sector.  Pollution in nearshore region diminishes population of fish 
larvae. 
 

Central Chennai 
 

Accretion on south side resulted in formation of marina beach and closure of river 
Cooum. Sewage disposal through Buckingham Canal, Cooum and Adyar have 
deteriorated water quality.  Large-scale solid waste generation and dumping in 
water bodies. 
 

The marina beach visited by at least an average of 3000 persons per day, faces 
contamination by pathogenic bacteria due to sewage discharges of Cooum and 
Adyar.  Littering affects aesthetics of the beach. An erstwhile fresh water body 
known as “Cooum River” has its confluence located in sediment prone zone and at 
present this water body carries domestic sewage.  Obstruction to the flow by the 
sand bar results in stagnation of polluted water.  Due to inadequate flushing, this 
water body is posing a health risk to the citizens of Chennai. Continuous 
deposition of sediment at the Adyar creek disturbs the tidal exchange causing 
decrease in flushing characteristics of the estuary.  This leads to stagnation of 
water body and converting Adyar River into a mosquito breeding ground. 
Buckingham Canal traversing in central and coastal parts of the city receives 
sewage and transports them to Adyar and Cooum.  The BOD level is as high as 
250 mg/l. 
 

Zone 4: Tourism, Acquifer, Beaches, Sand Dunes and Green Cover - Coastal Stretch from 
Adyar Creek to Mahabalipuram 
 

Impacts  Growth of tourism on coastal region, decreasing aesthetics due to littering in 
tourist places, excessive ground water exploitation, green cover loss, erosion due 
to natural processes at heritage sites at Mahabalipuram and threat of ground water 
depletion, etc. 

 
Coastal Erosion 
 

The shoreline has recessed by about 1000 m with respect to the original shoreline in 
1876. The villages, hutments and the Royapuram-Ennore express highway connecting the 
Manali Refineries and Thermal Power Station to Chennai are subjected to sea erosion during 
both Southwest and Northeast monsoons every year. The erosion in the coast has affected the 
coastline up to 13 km north of Ennore, necessitated constant attention and protective works in 
response to the cry of the fishermen living in this stretch.  Over 15 villages have been affected 
due to construction of port (IHH Poondi, 1998). 
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 Due to the construction of stone 
wall, the natural beach available is lost and 
the down drift villages, north of protected 
areas started experiencing erosion. The 
village Chinnakuppam near Ennore fly ash 
outfall is experiencing severe erosion 
(Fig.21). 
 
              The coastal erosion has contributed 
to the landward shift of the coastal water 
table, which in the past was located very 
close to the shoreline.  This has resulted in 
shortage of potable water along the coastal 
belt. 
 

 
 
Fig.21:  Erosion, Fishing hamlets are exposed to 
sea (North of Ennore Fly ash outfall, Dec 2000) 

 

Formation of sand bars at inlets of water bodies of Chennai Coast 
 

The four major inlets viz. Pulicat, Ennore, Cooum and Adyar along the Chennai coast 
experience sand bar formation due to north borne littoral drift. These bars are formed during 
the period May - September, resulting in reduction of cross sectional area of mouth and 
opened during NE monsoon i.e., October to January due to land run off. They are completely 
closed during recent years due to sparse rainfall. Pulicat mouth was closed completely in 1976 
and it was repeated in the year 2001 due to failure of NE monsoon. The closure of inlets or 
reduction in cross section of inlets lead to poor exchange of water causing degradation of 
water quality in these habitats. Ennore creek and Cooum mouths are influenced by Port 
construction in addition to the natural sand bar formation.  

 
In a meeting with different stakeholders following issues were identified for future 

action: 
 

q Community participation in identifying solutions related to various problems along 
the coastal stretch of Chennai would be essential; 

q The coastal erosion problem need to be tackled with an integrated approach and the 
solutions discussed with the beneficiary before deciding on the final solution for 
implementation; 

q The co-ordination between various organisations should be improved in order that the 
solutions are implemented successfully.   

q Community participation in this regard is also essential Imbalance of power with 
stakeholders and the necessity to remove such imbalances.  

q Enforcement of CRZ regulation in suburban areas;  
 

Importance of rain water harvesting, air pollution due to the industries and traffic, 
conflicting land uses, threat to lakes due to industrial development, salt water intrusion into 
drinking water wells, pollution and difficulties in fishing activities in the water bodies were 
also highlighted. 
 
Action by Govt. of Tamil Nadu 
 

The Government of Tamil Nadu has been adopting the following measures: 
 

q Introduction of rainwater harvesting. 
q In order to resolve the conflicts between traditional and mechanised fishing, 

mechanised fishing vessels shall not be used within 3 nautical miles from the shore. 
q Mechanised fishing vessels shall leave the notified places of berth only after 5 a.m. 

and should report back at the place of berth not later than 9 p.m. and shall remain 
there till 5 a.m. of the following day. 
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3.3 Status and Development Potential of Marine Living Resources of the east 
coast states of India 

 
 Fish accounts for one-fifth of the world's total supplies of annual protein, a highly 
nutritious food and an ideal supplement to the cereals or tuber-based diets typically consumed 
in many parts of the world. In many countries, fisheries is making an ever growing 
contribution to food supplies, to the employment and well being of the rural communities. 
Fisheries resources, if harvested to the maximum potential, can contribute greatly to the 
quality of life of the poor and hungry and render malnutrition and undernutrition.  
 
 The oceans which cover more than 70% of the globe support a wide spectrum of 
living and non-living resources.  From time immemorial, humanity has been exploiting these 
resources for food and other uses.  With the advancement in technologies, the marine 
resources have become a major source of raw materials for industries like fisheries, oil, 
metals, minerals and energy. Human intervention become quite pronounced in the case of the 
living resources due to growing demand for marine products in both domestic and export 
markets. Out of an estimated 30 million species of flora and fauna on the planet earth, the 
catalogued list is only 1.4 million species, with nearly 20% from the oceans. However, the 
exploited marine living resources belong to a few hundreds of species only.   
 
 Most of the nations including India have relied on coastal fishing to provide the 
protein requirements of their populations. Coastal fishing is a source of sustenance, 
subsistence and employment for a significant section of the population.  
 
 Fishing is often an important economic activity in the coastal zone.  Potentially high 
benefits come with equally high risks of ecological deterioration through over-fishing, killing 
of unwanted by-catch and habitat destruction.  It is important to integrate fisheries into 
coastal zone management for ensuring sustainable yields, while protecting the 
vulnerable areas and species. 
 
World Fisheries Scenario 
 
 Despite fluctuations in supply and demand, caused by the changing state of fishery 
resources, the economic climate and environmental conditions, fisheries and aquaculture 
remain very important as a source of food, employment and revenue in many countries and 
communities. 
 

The global capture fisheries and aquaculture production declined from 122 million 
tonnes in 1997 to 117 million tonnes in 1998, which subsequently recovered to about 
125 million tonnes in 1999. This was mainly owing to the effects of the climate anomaly, El 
Nino, on some major marine capture fisheries. The production increase of 20 million tonnes 
over the last decade was mainly due to aquaculture, as capture fisheries production remained 
relatively stable (FAO, 2000). 
 

For the two decades following 1950, world marine and inland capture fisheries 
production increased on average by as much as 6 percent per year, trebling from 18 million 
tonnes in 1950 to 56 million tonnes in 1969. During the 1970s and 1980s, the average rate of 
increase declined to 2 percent per year, falling to almost zero in the 1990s. This levelling off 
of the total catch follows the general trend of most of the world’s fishing areas, which have 
apparently reached their maximum potential for capture fisheries production, with the 
majority of stocks being fully exploited. In contrast, growth in aquaculture production has 
shown the opposite tendency. Starting from an insignificant total production, inland and 
marine aquaculture production, grew by about 5 percent per year between 1950 and 1969, by 
about 8 percent per year during the 1970s and 1980s, and by 10 percent per year since 1990. 
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The global patterns of fish production owe much to the activities of China that 
accounts for 32 percent of the world total in terms of quantity. Other major producers are 
Japan, India the United States, the Russian Federation and Indonesia. 
 

Employment in the primary capture fisheries and aquaculture production sectors in 
1998 is estimated to be about 36 million people, comprising about 15 million full-time, 13 
million part-time and 8 million occasional workers. For the first time, there is an indication 
that growth in employment in the primary sectors of fisheries and aquaculture has ceased. 
Employment in inland and marine aquaculture has been increasing, and is now estimated to 
account for about 25 percent of the total. Marine capture fisheries account for about 60 
percent and inland capture fisheries for the remaining 15 percent. 
 

International trade in fishery commodities fell back from a peak of US $ 53.5 billion 
dollars (fob) in 1997 to US $ 51.3 billion in 1998. Preliminary 1999 data indicate a 4 percent 
growth in the value of world fishery trade (US $ 53.4 billion). However, there are no 
indications of increased capture fisheries production in the long term, so any long term rise in 
the value of exports is likely to depend on increased aquaculture production and product 
prices. Developing countries registered a net fishery trade surplus of US$ 16.8 billion, slightly 
down from the 1997 level of US $ 17.3 billion. 
 
Indian Scenario 
 

The fisheries sector occupies a very important place in the socio-economic 
development of India. The sector has been recognised as a powerful income and employment 
generator as it stimulates the growth of a number of subsidiary industries and is a source of 
cheap and nutritious food. More than 6 million fishermen and fish farmers in the country 
depend on fisheries and aquaculture for their livelihood. The fisheries sector has also been 
one of the major foreign exchange earners through export. The fisheries sector contributed 
Rs.222, 230 million to the Gross Domestic Production (GDP) during 1998-1989, which is 1.4 
percent of the total GDP. 
 
History of Fisheries Management in India 
 
 In India references to fisheries management are found in the excavations of 
Mohanjodero and Harappa of Indus Valley civilisation, in King Vikramaditya VI’s book “  
Manasoltara” and in “Akbarnama”. Historical background regarding origin and evolution of 
fishery management in British India is available in the shape of the Indian Fisheries Act 
1897” framed on the pattern of “Salmon Fishery Act,1861” of United Kingdom.  History of 
deep sea exploration in India dates back to 1875. The marine survey of India materialised in 
1881 on-board “RIMS Investigator” as the survey vessel.    
 

Fisheries development in real terms started with the introduction of the planning 
concept in 1951and the pace of development picked up momentum over the successive plan 
periods. 
 
Marine capture fisheries scenario in India 
 

The country with a long coastline of 8118 km and an equally large area under 
estuaries, backwaters and lagoons and an Exclusive Economic Zone (EEZ) extending to 2.02 
million sq. km, comprising 0.86 million sq. km on the west coast, 0.56 million sq. km on the 
east coast and 0.60 million sq. km. around the Andaman and Nicobar Islands is highly 
amenable for developing capture as well as culture fisheries. 
 
 In the marine capture fisheries sector, the annual potential yield has been assessed to 
be around 3.934 million tonnes (MOA, 2000).  It comprises about 2.017 million tonnes of 
demersal, 1.673 million tonnes of pelagic and 0.244 million tonnes of oceanic resources.  This 
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includes additional resources, viz., subsistence fisheries of molluscs of about 0.205 million 
tonnes and deep-sea fishes of about 0.101 million tonnes, totaling 0.306 million tonnes.  Out 
of this, 58% of the potential lies within 50 metre depth zone, 35% in the 50-200 metre depth 
zone, and the remaining 7% beyond 200 metre zone.  About 65% of the total estimated 
marine fishery potential is presently being tapped with hardly 35% left for future exploitation.  
While the resources within the 0-50 metre depth are almost exploited to the maximum 
sustainable yield levels, the resources available beyond 50-metre depth still offer scope for 
exploitation.  About 80% of the present level of marine fish production is accounted for from 
within 50-metre zone and about 20% from depth up to 200 metres. (Table-3.32). 
 
Table 3.32. Summary of marine fishery resources potential in the Indian EEZ   

(million tonnes) 
  

As per 1991-92 Estimates Depth 
Zone/ 

Resources 
0-50 m 50-200 m 200-500 m Oceanic Total 

As per 2000 
Estimates 

Demersal 1.280 0.625 0.028 -- 1.933 2.017 
Pelagic 1.000 0.742 -- -- 1.742 1.673 
Oceanic -- -- -- 0.246 0.246 0.244 
Total 2.280 1.367 0.028 0.246 3.921 3.934 
Source:  Ministry of Agriculture, 2000 
 

While the coastal waters have been exploited almost to the maximum sustainable 
yield levels, the contribution from the depth beyond 50 m zone including the deep sea has not 
been significant.  The annual marine fish production estimated during the year 2001-02 is of 
the order of about 2.83 million tonnes as against the potential of 3.934 million tonnes (Table 
3.33 & Fig.22).  Between 1991-2002, the overall annual growth rate in marine fish production 
has been 2.22%.  While the contribution of the West Coast to the total marine fish landings is 
about 68-70%, the East Coast contributes to about 30-32%. Of the east coast states, Tamil 
Nadu lands the maximum catch followed by Andhra Pradesh, West Bengal and Orissa in that 
order. 

 
Table 3.33. India – Marine Fish Production during 1991 to 2002 

                                   (in million tonnes) 
 

Year Marine 
1991-92 2.447 
1992-93 2.576 
1993-94 2.649 
1994-95 2.692 
1995-96 2.707 
1996-97 2.967 
1997-98 2.950 
1998-99 2.700 
1999-2000 2.834 
2000-2001 2.810 
2001-2002 2.830 

                               (Source:  Ministry of Agriculture, 2002)                                        
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Fig.22:. India - Trends in marine fish production during 1950-2002 
 
It has been estimated that out of about 1.1 million tonnes of potential available, 0.8 

million tonnes could be of commercial value.  Even out of this, 86% is estimated to be of low 
and very low commercial value and remaining 14% only is medium to high value, which 
could yield over Rs. 7,500 million as foreign exchange through export.  The real harvestable 
potential for deep sea and oceanic fisheries has been estimated to be not more than 164,000 
tonnes as against the estimated potential of 274,000 tonnes (Giudicelli, 1992). 

 

The marine fishing fleet comprises about 0.226 million traditional craft (including 
44578 motorised traditional craft), 53684 mechanised craft and about 170 large fishing 
vessels of above 20 metre over all length (OAL). Out of 170 large fishing vessels, about 80 
are reported to be presently active. The main marine fish production comes from the 
traditional and small scale fishing vessels operating in the areas up to about 90-100 m depth. 
Gujarat, Tamil Nadu, Andhra Pradesh and Maharashtra have the largest number of 
mechanised crafts and Andhra Pradesh, Kerala and Tamil Nadu have the largest number of 
traditional and motorised crafts. A state-wise list of these craft as in 1999 is given in Table-
3.34. 

 
Table 3.34. Fishing craft in India (as of 1999) 

 

State/Union 
Territory 

Traditional 
craft 

Motorised 
craft 

Mechanised 
craft Total 

A&N Islands 1180 160 230 1570 
Andhra Pradesh 53853 4164 8642 66659 
Daman & Diu 252 350 805 1407 
Goa 1094 1100 1092 3286 
Gujarat 9222 5391 11372 25985 
Karnataka 19292 3452 2866 25610 
Kerala 28456 17362 4206 50024 
Lakshadweep 594 306 478 1378 
Maharashtra 10256 286 8899 19441 
Orissa 10993 2640 1276 15854 
Pondicherry 7297 505 560 8362 
Tamil Nadu 33945 8592 9896 52433 
West Bengal 4850 270 3362 8482 

Total 181284 44578 53684 280491* 
              * If 170 deep-sea fishing vessels added to this, the total will be 280661 vessels. 
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The major pelagic resources identified for exploitation are coastal tuna, carangids, 
ribbon fish, mackerel and pelagic shark; yellow fin tuna and skipjack tuna in the EEZ. Among 
species-wise average annual marine fish landing, sciaenoids (croakers) account for the largest 
– 295,233 tonnes (10.61 percent), followed by Indian mackerel (218,910 tonnes), other 
marine fishes (233,554 tonnes), Harpodon nehereus (175,110 tonnes), and sardinella or 
Indian oil sardine (157,997 tonnes). 

 
Penaeid shrimps, which dominate the export front, are at their optimum exploitation 

levels, whereas tuna and cephalopods are the two least exploited fisheries owing to limited 
operational range of the majority of the present fishing fleets and also the lack of suitable 
technology. Several other species in the continental shelf are exploited only up to 90 – 100 m 
depths. 

 
The export of marine fish and fish products in terms of value registered a level of 

Rs.63088 million in 2001-02 against Rs.17674.3 million during 1992-93 (MPEDA, 2002). 
Though shrimp (including farmed) accounted for about 30 % in terms of volume and about 
69.50 % in terms of value of export during the period, there has been diversification and the 
country is now exporting frozen squid, cuttle fish, frozen finfish, dried items, live items, 
chilled items and others in large quantities (70)% (Table 3.35).  

 

Table 3.35.  Trend in exports of marine products (1961-62 to 2001-02) 
 

Annual Growth 
rate (%) Year Quantity 

(Tonnes) 

Value          
(Rs. 

Crores) 

Unit 
Value          
(Rs./ 

tones) 

Unit 
Value 
index Quantity Value 

1961-62 15,732 3.92 2491.74 100.00 - - 
1966-67 21,116 17.37 8225.99 330.13 38.1 146.0 
1971-72 35,523 44.55 12541.17 503.31 -1.0 27.0 
1976-77 66,750 189.12 28332.58 1137.06 22.6 51.9 
1981-82 70,105 286.01 40797.48 1637.31 -7.2 21.8 
1986-87 85,843 460.67 53664.25 2153.69 2.6 15.7 
1991-92 171,820 1375.89 80077.41 3213.72 23.2 54.0 
1996-97 378,199 4121.36 108973.32 4373.39 27.7 17.7 
2001-02 421,071 6308.80 149827.30 6012.96 22.8 22.1 

                          (Source: Marine Products Export Development Authority, Kochi. 2002) 
 
India faces considerable challenges in the development and management of its fishery 

resources for a number of reasons. The Indian sub-continent covers a vast region with long 
coastlines and different ecosystems both on land and in the sea. The fishery resources are 
diverse and the artisanal and small-scale fishermen operate from thousands of landing centres 
dispersed along the coast. 

 
The open access nature of marine capture fisheries in India is one of the major 

reasons for depletion, economic waste and conflict among user groups. Without adequate 
control over access, these consequences will become increasingly severe and further impede 
the sustainable management of fishery resources. With an open access regime, no catch limits 
have been set on effort or the catch. The existing regulatory policies restrict the fishing 
season, fishing areas and the mesh size of gear. However, there is no monitoring and 
surveillance system available with the concerned implementing organisations. 

 
Keeping in view the slow growth rate achieved in the marine sector and stagnation in 

the near shore waters and immense potential and prospects for aquaculture development, a 
growth rate of 2.5 percent in the marine sectors, has been proposed in the Tenth Five Year 
Plan (2002-2007). At this level, it is estimated that a total marine fish production of 3.26 
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million tonnes from the marine sector could be achieved at the end of the Tenth Plan 
(Planning Commission, 2000). 

 
The fisheries in the region predominantly consist of artisanal operators exploiting the 

coastal resources.  In majority of cases the operation is at subsistence level.  A good number 
of fishermen are wage earners who do not possess any fishing unit.  The earning depends on 
the quantum of catch. The dependency on the wage earner in a household is generally too 
high in the absence of alternate avenues of employment for other members of the household.  
Price of fish is generally dictated by the exportability of the produce. The post-harvest 
infrastructure is insufficient to absorb the glut in production and to channelise the surplus into 
the domestic market in the event of a slump in export trade. 

 
The new entrants in the capture sector with capital-intensive vessels and technologies 

is exerting pressure on the fishery resource outside the traditional fishing limits and often 
make ingress into the inshore waters triggering off inter-sectoral clashes. Concentration of 
efforts for shrimp fishery, particularly in the upper east coast is reported to have resulted in 
stagnation in the production of shrimp and a marked drop in the catch per unit of effort. The 
average landings of shrimp by deep sea fishing vessels in this region is reported to have 
declined from 25-35 tonnes prior to 1985 to less than 9 tonnes in 1991. 
 
Exploration 

 
 Since Independence concerted and systematic attempts have been made not only to 
explore new fishing grounds and resources, but also to estimate the abundance of the various 
resources in time and space. With the establishment of the Deepsea Fishing Station (now 
called the Fisheries Survey of India) at Bombay by the Government of India in 1947, 
exploratory fishing efforts commenced in a more systematic way.  Diversified gears including 
shrimp trawls, midwater trawls, pelagic trawls, bull trawls, high opening bottom trawls, purse 
seines, longlines, squidjiggers etc., were deployed for the exploration of new resources.  
Acoustic surveys for quantification of fish biomass have been conducted in along the 
southwest coast of India by FAO/UNDP Pelagic Fisheries Project, particularly for the pelagic 
stocks.  Considerable areas in the Indian EEZ have been surveyed by a fleet of 20 vessels of 
the FSI, Research/survey vessels of the Central Marine Fisheries Research Institute(CMFRI), 
Integrated Fisheries Project (IFP), Central Institute of Nautical and Engineering Training 
(CIFNET) and DOD (FORV Sagar Sampada) in different periods for estimating fish 
abundance in various bathymetrics, geographic areas and for different seasons.   

 
 The results of exploratory survey by the fisheries and survey vessels have indicated 
abundance of perches, nemipterids, tunas (yellowfin, bigeye, skipjack) bill fishes, sharks, 
demersal resources such as pomfrets, bull's eye, deep sea lobsters, deep sea shrimps, 
cephalopods (squids and cuttlefishes), etc. 

 
 The pelagic fish stocks in the east coast have been surveyed by FSI, using 
pelagic/mid-water trawling.  These results are presented in Table 3.36 & 3.37. The main 
pelagic stocks along the east coast have been clupeids, ribbon fishes, mackerel, pomfrets, 
catfishes, elasmobranchs and anchovies.  It is evident from the data furnished in the table 
that furthur exploratory surveys are needed for assessing the pelagic fish stocks in the 
Bay of Bengal (Sudarsan et al., 1988, 1990).   

 
 The bottom trawling conducted by FORV Sagar Sampada during 1985 to 1989 in the 
offshore and deep sea areas of Indian EEZ located fishable concentrations of finfishes and 
shellfishes, such as threadfin breams, bull's eye, drift fish, lizard fish, barracudas, ribbonfish, 
catfish, mackerel and deep sea prawns and lobsters (James and Pillai, 1989). 

 
 



 87 

Table. 3.36: Latitude-wise effort and catch rate obtained by  
                            Matsya Darshini by pelagic trawling off east coast 

 
Latitude (oN) Fishing effort (hrs) Catch rate (kg/hr) 

13 3.25 149 
14 45.75 442 

Latitude (oN) Fishing effort (hrs) Catch rate (kg/hr) 
15 32.00 200 
16 131.00 209 
17 67.00 54 
18 4.00 3 
19 35.25 73 

Total 319.00 190 
 

 
Table. 3.37: Catch composition and catch rate obtained by Matsya Darshini 

by pelagic trawling off east cost 
 

Species Percentage Catch rate (kg/hr) 
Elasmobranchs 5.0 13.31 
Eels 0.6 1.60 
Cat fishes 1.8 4.80 
Clupeids 36.9 98.25 
Anchovies 0.8 2.13 
Perches 3.0 7.99 
Sciaenids 0.7 1.86 
Pomfrets 2.6 6.92 
Ribbon fishes 7.2 19.17 
Muckerel 5.2 13.85 
Seer fishes 1.1 2.93 
Others 35.1 93.46 
Total/Average 100.00 266.25 

 
The Fishery Survey of India has also carried out detailed survey of the demersal 

fishery resources of the east coast during the past two decades (Sudarsan et al., 1988, 1990). 
Density and catch composition of demersal resources in different depth zones latitude-wise 
covering 7 – 20º N Lat. Are furnished in Tables 3.38 –3.42.  The mean stock of demersals in 
the shallow waters have been of leiognathids, perches, catfishes, and elasmobranches, 
whereas in the deeper waters the stocks mainly belong to decaptrids, horse mackerel, 
nemipterids, bulls eye, squids and deep-sea lobsters. In the Gulf of Mannar (7-9º N Lat), the 
perches dominated the catches up to 200 m and barracuda, decapterids, nemipterids, crabs and 
deepsea lobsters in the deeper waters.   An analysis of the information furnished in these 
tables would indicate that more specific exploratory surveys are needed for areas beyond 150 
m depth in 20º N lat. and beyond 300 m depth zone in the lat. 10-19º N. 
 

Table 3.38: Density of demersal resources (tonnes/s q. km) in different depth zones 
Depth range (m)/Density (tonnes/sq. km) Latitude 

(oN) 20-40 40-60 60-80 80-100 100-150 150-200 200-
300/500 

Gulf of Mannar 
7 3.0 5.1 19.3 2.9 - - 9.0 
8 5.8 3.3 1.5 0.6 5.3 4.5 0.8 
9 3.5 9.5 - 2.2 - - 0.5 

East Coast 
10 2.2 1.4 1.7 5.8 2.0 2.2 2.2 
11 1.5 1.6 1.7 3.4 - 10.7 1.7 
12 1.1 1.2 2.8 8.7 2.0 6.0 1.7 
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Depth range (m)/Density (tonnes/sq. km) Latitude 
(oN) 

   20-40     40-60       60-80    80-100 100-150 150-200 200-
300/500 

        
13 0.7 1.7 1.4 7.0 0.9 11.0 4.4 
14 8.5 6.1 14.9 1.2 18.8 5.0 0.3 
15 0.3 4.7 10.1 16.6 14.3 0.3 0.3 
16 2.3 7.4 10.8 12.4 2.7 2.1 0.9 
27 - 3.1 4.9 9.5 3.8 0.6 0.5 
18 3.9 4.7 3.6 5.1 1.5 0.3 0.01 
19 4.2 7.6 7.9 5.3 3.0 2.7 0.2 
20 3.3 3.0 3.2 7.6 3.4 - - 

 
Table. 3.39: Percentage composition of demersal fish resources from Gulf of Mannar (7-9º N Lat) 

 

Depth range (m) Species/Groups 
20-40 40-60 60-80 80-100 100-

150 
150-
200 

200-300 300-500 

 
Elasmobranchs 

 
17.5 

 
12.6 

 
7.5 

 
10.8 

 
9.3 

 
3.4 

 
1.6 

 
7.7 

Eels - - - 4.1 - - - - 
Cat fishes 0.9 6.4 - - 0.4 - - - 
Clupeids 1.8 3.2 - 0.2 0.5 - - - 
Lizard fish 1.1 0.3 - - 0.8 0.5 - - 
Perches 25.7 33.1 36.9 56.0 0.3 0.4 1.9 - 
Nemipterids 1.8 1.0 - 1.0 7.1 3.7 1.7 - 
Upenoids 0.2 0.6 - - 0.6 0.7 - - 
Sciaenids 0.3 1.4 - - - - - - 
Ribbon fishes - 0.1 - 0.8 0.8 5.5 2.0 3.7 
Caranx sp. 20.3 4.3 4.4 4.9 2.7 2.2 0.8 - 
Decapterus sp. 4.9 0.8 - - 2.2 3.0 - - 
Horse mackerel - - - - 0.2 - - - 
Leiognathids 5.7 13.2 - - 1.0 1.3 - - 
Pomfrets 0.5 5.3 - - - - - - 
Mackerels 0.6 1.7 - - 0.2 - - - 
Seer fishes 1.1 1.6 - - 0.1 - - - 
Balistids 0.3 2.3 - - - - - - 
Barracuda 2.6 2.5 - 0.2 31.9 21.8 1.0 0.1 
Ariomma indica - - - 3.3 3.9 3.2 0.9 - 
Priacanthids - - - - 2.1 3.9 5.6 - 
Centrolophus 
niger 

- - - - - - 0.1 30.8 

Squids & cuttle 
fishes 
 

0.6 0.7 - 4.1 4.0 1.4 - - 

Crabs - - - 3.3 28.4 45.4 60.4 28.5 
Deepsea prawns - - - - 0.1 0.6 2.9  1.5 
Deepsea lobster - - - - - 0.1 9.0  6.5 
Others 14.0 8.9 31.2 11.3 3.4 2.9 12.1 21.2 
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 Table 3. 40:  Percentage composition of demersal fish resources from Lat. 10oN to 14oN along 
east coast 

 

Depth range (m) Species/Groups 
20-40 40-60 60-80 80-100 100-150 150-200 200-300 

Elasmobranchs 5.9 13.3 2.7 1.9 1.1 0.2 0.5 
Eels - 0.1 0.1 - - - - 
Cat fishes 5.7 4.3 1.8 0.5 3.5 - - 
Clupeids 7.6 2.1 12.5 2.0 1.0 - - 
Lizard fish 1.7 0.9 2.7 0.1 0.8 0.6 - 
Perches 10.2 19.8 7.9 1.3 5.2 - - 
Nemipterids 3.0 1.7 5.3 13.3 9.4 1.7 - 
Upenoids 2.1 1.0 2.0 - - - - 
Ribbon fishes 2.8 0.1 1.4 0.1 1.8 - - 
Caranx sp. 17.1 11.8 9.3 4.8 3.2 - - 
Decapterus sp. 1.0 6.7 1.1 17.7 26.9 5.6 - 
Horse mackerel 3.1 0.9 11.0 45.6 9.4 - - 
Leiognathids 13.1 14.1 6.3 1.3 2.7 - - 
Pomfrets 0.3 0.2 - - - - - 
Mackerels 8.5 8.9 7.6 0.3 - - - 
Seer fishes 2.3 0.8 0.1 - - - - 
Balistids - 0.1 - - - - - 
Barracuda 1.3 1.8 2.6 0.6 - 0.2 - 
Ariomma indica - 0.1 12.5 8.3 15.0 1.8 9.9 
Priacanthids - 0.4 4.8 - 7.6 75.2 4.0 
Centrolophus 
niger 

- - - - - 5.8 55.7 

Chlorophthalamus 
sp. 

- - - - - - 0.3 

Squids & cuttle 
fishes 

1.7 1.8 3.2 0.4 1.0 - - 

Crabs - - - - 3.6 1.8 - 
Deepsea prawns - - - - 0.1 2.3 3.9 
Deepsea lobster - - - - - - 0.2 
Others 5.0 7.2 4.9 1.0 4.8 4.8 25.4 

 

Table 3.41: Percentage composition of demersal fish resources from  
Lat. 15o N to 19o N along east coast 

 

Depth range (m) Species/Groups 
20-40 40-60 60-80 80-100 100-150 150-200 200-300 

Elasmobranchs 9.5 6.3 5.0 5.2 2.0 2.1 9.7 
Eels - 0.4 0.2 0.1 - - 0.1 
Cat fishes 16.3 16.2 16.3 14.3 8.3 - - 
Clupeids 0.1 1.5 7.7 15.4 0.4 - - 
Lizard fish 0.1 0.3 - - - - - 
Perches 6.3 5.7 5.1 4.7 2.8 - - 
Nemipterids 0.8 3.0 1.7 5.5 18.5 1.1 - 
Upenoids - 0.9 1.1 0.4 - - - 
Ghol - 0.7 4.0 1.3 - - - 
Other Sciaenids - 1.8 7.1 4.9 5.3 0.5 - 
Ribbon fishes - 0.8 2.4 1.6 - - - 
Caranx sp. 4.6 4.4 3.5 1.4 0.4 0.1 - 
Decapterus sp. - 2.3 12.2 14.1 9.3 4.1 0.1 
Horse mackerel 5.7 8.0 3.3 3.4 5.6 - - 
Pomfrets 1.6 2.6 3.3 2.6 0.1 - - 



 90 

Depth range (m) Species/Groups 
20-40 40-60 60-80 80-100 100-150 150-200 200-300 

Mackerels 4.8 21.4 7.3 5.1 11.5 0.3 - 
Seer fishes 2.1 0.7 0.2 - - - - 
Barracuda 0.2 1.1 5.2 0.9 1.2 0.3 - 
Ariomma indica - 2.4 3.8 3.8 1.6 0.2 - 
Priacanthids - 1.4 1.1 1.0 15.2 84.8 11.7 
Centrolophus 
niger 
 

- - - 1.4 3.4 0.1 57.3 

Squids & cuttle 
fishes 
 

- 0.9 0.3 0.1 0.2 - 0.5 

Crabs - 0.4 0.7 0.5 - 2.3 1.7 
Deepsea prawns - - - - 0.1 0.2 3.2 
Others 10.3 13.8 6.6 7.3 14.1 3.9 15.7 

 
Table 3.42: Percentage composition of demersal fish resources from 

 Lat. 20o N along east coast 
 

Depth ranges (m)  
Species/Groups 20-40 40-60 60-80 80-100 100-150 
Elasmobranchs 7.5 8.5 3.8 1.4 1.0 
Eels 7.6 3.1 0.6 0.3 - 
Cat fishes 6.0 3.7 3.6 1.9 0.1 
Clupeids 9.0 11.2 10.0 0.4 0.7 
Lizard fish 0.4 0.4 0.5 0.1 0.1 
Perches 7.3 5.8 4.8 0.2 1.5 
Nemipterids 0.5 0.1 1.4 0.2 0.5 
Upenoids 1.4 1.1 2.0 0.3 0.5 
Ghol 0.7 0.3 0.1 1.2 0.2 
Koth 1.2 3.2 0.1 0.1 0.1 
Other Sciaenids 3.6 2.7 2.6 0.1 0.7 
Caranx sp. 3.7 8.0 2.1 1.5 0.8 
Decapterus sp. - 0.1 3.9 4.3 9.3 
Horse mackerel 1.4 2.0 1.5 - - 
Leiognathids 10.8 13.4 7.2 0.5 - 
Pomfrets 4.1 7.3 3.5 0.1 - 
Mackerels 0.1 1.7 35.9 66.4 66.4 
Balistids 0.1 - - - - 
Ariomma indica 0.3 3.8 2.1 17.7 8.0 
Priacanthids - 0.1 0.4 1.0 8.7 
Squids & cuttle fishes - - - 0.1 - 
Others 17.9 6.9 10.8 1.0 0.3 

 
Fisheries technology in the pre and post 1970s 
  

Prior to 1970s there was a wide belief that improved vessel and gear technology 
would be the best option for improving the living condition of the traditional fishermen.  
Emphasis, therefore, was placed on developing more efficient techniques. 
  
 Since the 1970s, there has been continued development of fishing technology to 
support the search for underexploited stocks, such as cephalopods, tunas, etc.  Technological 
development in respect of new generation craft and gear design, replacing the long lines etc., 
for exploiting the unexploited fishery resources during the last two decades, are noteworthy.  
Such technologies involved use of non-conventional material such as marine plywood, fibre 
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glass reinforced plastic, ferrocement, etc., for construction of fishing craft, high powered 
offshore pelagic fishing vessels, sophisticated multi-day deep sea/high sea fishing vessels, 
fish finders, sonars, echosounders, global positioning system and other navigation and 
commercial equipment, introduction of synthetic yarn including HDPE for fabrication of 
selective fishing gears, improved methods of production and processing of fish and 
production of value added marine fishery products and marketing, etc. 
  
 The limited opportunities for expansion together with the extension of natural 
jurisdiction, promote fishing technologies aimed at intensifying fishing effort.  In 
commercial/industrial fisheries, the technological innovations have led to developing better 
fish finding devices and effective harvesting technologies.  Fishing technology has also 
developed for the small-scale fisheries particularly in motorisation of traditional/artificial 
crafts and the adoption of new gear.  The recent developments in the fishing technology are 
fish aggregation devices, such as floating rafts and artificial reefs, resource enhancement, etc., 
as a means of increasing average catches. 
  
 An evaluation of the small-scale fisheries by UNDP (1986) noted that a major  
constraint in the small-scale sector was the lack of satisfactory information on the economic 
and social aspects, inadequacy of the market infrastructure, high costs of new technologies 
and social and cultural impediments in adoption of new technologies.  The technological 
improvements applied to limited resources have led to an uneven acquisition of the 
technology, benefiting only a few, leading to conflicts between different users of the same 
stock or area. 
  
 Besides shrimp culture in brackishwater areas, intermediate level technologies for 
mariculture of a wide spectrum of shellfishes such as edible oysters, pearl oysters, mussels, 
clams, crabs, finfishes and sea cucumber, have also been developed and are in different stages 
of application. 
  
 The R&D activities undertaken by a number of Government and Non-Governmental 
organisations engaged in marine fisheries exploitation and utilisation, in the past few decades 
have thrown considerable light on the resources, their diversity, production potentials, 
consumption needs and management options, which are vital for ensuring sustainable 
development. 
 
Remote Sensing and Fisheries 
 

In India remote sensing from aircraft can be said to have been applied to fishery 
resources in the early seventies when the FAO/UNDP sponsored Pelagic fisheries project at 
Cochin employed aircraft for locating fish shoals using serial cameras (Anon, 1975).  This is a 
direct spotting method, which has wide applications in the case of pelagic fisheries resources 
like mackerel, oil sardines, tunas etc.  However, aerial sensing is expensive and the coverage 
is limited compared to satellite remote sensing. Integrated and systematic attempt in remote 
sensing fisheries resources commenced only with the Joint Experiment Programmes (JFP) in 
1980. Satellite images of ocean colour, sea truth data collected by ships and location-wise 
commercial fish catch data led to solving some of the basic problems.  Relationship between 
plankton concentration and fish abundance was also attempted (Narain et al., 1983). 

 
Satellites with their potential to cover vast areas of the land and oceans on a repetitive 

basis are ideal for coastal and oceanic studies. Satellite data are also economical in 
comparison with other sources of data. For a country like India with a long coastline and 
extensive economic zone, satellite based remote sensing can potentially provide substantial 
economic benefits. Also, satellite remote sensing data has potential for assisting maritime and 
oceanic developing nations in judicious harvesting, conservation and mapping of valuable 
fishery resources. 
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Direct spotting of fish schools is possible in some part of the season only from low 
flying aircrafts. However, on an operational scale, indirect method of detecting fish 
schools/shoals from satellites is possible and economical as it can assist in the identification 
of certain oceanographic features, which control and influence the fish stock. Among the 
various oceanographic parameters the two viz., temperature and ocean colour have been 
widely used in locating marine fishery resources. In the recent past, using satellite remote 
sensing, various investigators have directed their efforts towards mapping phytoplankton 
pigment and sea surface temperature (SST). These two parameters play an important role in 
the distribution of fishery resources. However, in the absence of ocean colour scanner 
onboard satellites, largely the experiences have been towards using the sea surface 
temperature (SST) and sea surface conditions (eddies, meanderings, thermal fronts, 
upwelling, etc.) for different target species all over the world. Now that India has launched 
Oceansat-I with the Ocean Colour Monitor (OCM), it is possible for India to match the ocean 
colour with the sea surface temperature and predict the availability and abundance of some of 
the un-/under-exploited resources which have not so far been targeted. 

 
In marine fisheries, remote sensing techniques are used to locate shoals of fish, their 

movement, accumulation of sea plankton, which serve as food to the fish and condition of the 
sea.  Remote sensing can also be used in mapping and monitoring ocean features, upwelling, 
concentration of sediments and biomass. 

 
With this objective of fishery forecasting on short-term basis, the Department of 

Space and Ministry of Agriculture agreed to conduct joint experiments in the application of 
remote sensing techniques for fisheries during 1979. As a follow up, the Space Application 
Centre, Fishery Survey of India and Central Marine Fisheries Research Institute started a 
collaborative project in this area during 1981. 

 
The objective slated to be achieved by conducting experiments in a selected known 

area were 
- Assessing the availability of pelagic fish schools. 
- Identify various species and an attempt to quantify the school. 
- To study the school movement and behaviour in relation to parameters like ocean 

colour, pigment concentration, turbidity (suspended particulate matter), sea 
surface temperature, salinity, etc. 

- To correlate the spectral signature of various phenomenon on sea surface with 
fish stock. 

- To apply the technique to less known and unknown areas of exclusive economic 
zone when the same is found successful in the test survey operation in order to 
enable quick estimation of fish stocks. 

  
The first experiment was conducted off Karwar in Karnataka when it was possible to 

spot fish shoals from aircraft.  The experiments were later continued off Cochin because of 
availability of pelagic resources like oil sardines, mackerel and tunas.   

  
For most of the applications mentioned above, the initial ground work was done as a 

part of Indian Remote sensing Utilisation Programme (IRS-UO) which is currently a part of 
Remote Sensing Application Mission (RSAM) launched by Department of Space with 
funding from user Departments. One such project is aimed at demonstration of remote 
sensing application for locating potential fishing grounds.  For this, an indigenous remote 
sensing ocean satellite was launched on May 26, 1999 carrying a Multi-Frequency Scanning 
Microwave Radiometer (MSMR) and Ocean Colour Monitor (OCM) (IRS P4). 

  
 Since 1989 the efforts have been directed towards utilization of sea surface 
temperature (SST) for fishery forecast.  This activity was started initially for coastal waters of 
Gujarat state and later extended to all the maritime states.  Amongst the various parameters 
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useful in the assessment of marine fishery resources, the ocean colour (more precisely the 
phytoplankton pigment – chlorophyll-a+ phacophytin-a) and the SST are detectable from the 
satellite namely IRS P4, equipped with ocean colour sensors, the efforts have been largely 
directed at using an integrated approach for locating the potential fishing grounds. 

  
Keeping these potentials of remote sensing technology in view, Department of Ocean 

Development (DOD) sponsored a joint national level programme on “Ocean related Remote 
Sensing Applications” in February 1992 on operational basis, involving Department of Space 
and several institutions under the Ministry of Agriculture. Features such as oceanic fronts, 
meandering patterns, eddies, rings, upwelling areas that are proven to be prospective sites for 
fish aggregation are identified from SST imagery generated from NOAA_AVHRR satellite 
data.  The chlorophyll data from OCM (IRS-P4) has enriched these advisories.    

  
The progress made by India in developing satellite remote sensing technique for 

forecasting the Potential Fishing Zones (PFZ) to benefit the fishermen is remarkable.  The 
Joint programme between ISRO (Space Application Centre) and Ministry of Agriculture 
(FSI) has enabled development of integrated approach involving Sea Surface Temperature 
(SST) and Ocean colour imagines (received from Ocean Sat IRS P4) to provide advisories on 
PFZ.  This information is displayed in some of the fishing harbours in digital display boards 
installed for the purpose. 

  
Studies relating to SSTs and fish catch carried out by the Department of Space in 

collaboration with Central Marine Fisheries Research Institute (CMFRI), Fishery Survey of 
India (FSI) and State Fisheries Departments, have indicated that there is a definite 
relationship between the fish catch and SST fronts. It was observed that by and large the 
notified grounds as per the fishery forecast given by the Department of Space were found to 
yield good catches compared to un-notified grounds. Further, extensive validation tests are 
being conducted to prove this new area of satellite applications for operational use. 
  

Fishery forecast involves an understanding of the oceanic processes and interaction of 
physical, biological and chemical parameters. Remote sensing can provide a significant part 
of the information needed to assess and improve the potential yield of the fishing grounds and 
assist judicious exploitation, conservation and management of marine resources.  

 
Department of Ocean Development, Department of Space and several Institutions 

under the Ministry of Agriculture have been pursuing an endeavour, for over a decade, jointly 
with the State Governments of the maritime States and Islands, to provide Potential Fishing 
Zone (PFZ) Advisories to the Indian Fishing Community, using satellite-based Sea Surface 
Temperature (SST). Features such as oceanic fronts, meandering patterns, eddies, rings, 
upwelling areas that are proven to be prospective sites for fish accumulation are identified 
from SST imagery generated from NOAA-AVHRR satellite data. In view of the cloud cover 
during the monsoon season and more importantly since that season corresponds to the 
breeding season, PFZ advisories are not provided during June-September in the context of 
maintaining fishery stock at sustainable level. 

 
Timely forecasting of Potential Fishing Zones (PFZ) information can help in 

minimizing the efforts and thus save fuel and help in optimizing the scheduling of fishing 
operations. Suitable oceanic parameters favouring the fish shoaling can be monitored using 
the orbiting satellites. Large spatial coverage and repeatability at short intervals provide 
additional advantage for utilising this technology in the forecast of PFZ. 
  

Since November 2002, the Integrated Potential Fishing Zone advisories are being 
generated based on SST data from NOAA-AVHRR and Chlorophyll data from OCM. 
Utilising all this information, PFZ forecasts are generated and disseminated regularly thrice a 
week (every Tuesday, Thursday and Saturday) in local languages to all maritime states and 
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islands from 225 nodes (DOD, 2003). The processes were streamlined for operational 
generation and timely dissemination of PFZ advisories through Information Kiosks, Digital 
Display Boards and Web Site. Digital Display Boards have been installed at Machilipatnam, 
Kakinada and Visakhapatnam in the east coast to provide PFZ advisories. Similar facilities 
are proposed to be created in other states also. Pilot Project on satellite audio broadcast 
initiated with M/s. Worldspace in 5 locations. An extensive GIS database of bathymetry, 
landing points and lighthouses has been built up and entire processing is automated to 
improve the planimetric accuracy of the PFZ advisories. A dynamic web site with Web GIS, 
query facility and multilingual capability has been developed for the PFZ Advisory services 
to strengthen the delivery chain and improve the time line. PFZ advisories are now available 
in website of Indian National Centre for Ocean Information Services (INCOIS) of DOD, both 
in the form of multi-lingual textual data as well as in the form of maps. 

 
It is known that fish respond or react to various environmental conditions and 

therefore, it is necessary to generate complimentary information lacking in SST, through 
other parameters. For this purpose, it is planned to attempt improving the forecasting 
approach through inclusion of multi-oceanographic parameters like chlorophyll, mixed layer 
depth (MLD), nutrients, wind vector, etc. Besides the model would also enable estimation of 
expected catch from the suggested fishing ground. A statistical approach to relate increase in 
catch, from the site selected on the basis of oceanic features and the fisheries relevant oceanic 
parameters is conceptualised as one of the approaches. In addition to this, it is planned to 
develop forecasting model using GIS based approach, which would make use of multi-
oceanic parameters stored in look up table form. GIS tool will also be utilised to obtain 
information on annually recurring water circulation pattern for persistent oceanic features and 
seasonal pattern on distribution of fishery grounds. 
 
Fishery Forecast Modelling 

 

Environmental knowledge is used as a predictive tool to assist the efficient harvesting 
of the living resources of the sea since centuries. Even an individual fisherman makes his own 
daily assessment of weather and other conditions to determine it, when and where to fish. The 
information available to him is highly restricted both geographically, (i.e. it spans only a 
small local area) and temporally because it pertains only to the immediate time.  

 
The conventional techniques do not provide a synoptic picture of the ocean 

environment to attempt profitable fishing operation. Because of this restriction, a large 
area of EEZ still remains unexplored for living marine resources in terms of their 
location, abundance and management. 

 
The optimum fishing problem can be divided into two sub-problems: one concerning 

the most efficient method of achieving any desired total harvest and another concerning the 
choice of an optimal, long term harvest policy. 

 
The inputs to fishery forecasting systems can be refined through more scientific 

information on aspects of physiology and behaviour of fish and better knowledge of physical 
processes involved in the vulnerability of fish to fishing gear under various conditions. 

 
The oceanographic data coupled with knowledge of the catch distribution of various 

fish species in time and space may permit definition of those surface oceanographic features 
likely to be of importance in determining availability of such species. It is considered that a 
better overall knowledge of the seasonal cycle of phytoplankton in particular and the 
causative physical and chemical processes would help in determining likely location and 
availability of the desired species. An efficient fishery management must take into account 
the economic and social conditions of the fishery and the fishing industry as well as the 
biological conditions of the fish stock and may have to take even wider viewpoint. 

 



 95 

Intensive observations and study of trends are necessary for fishing forecast. Various 
models have been used to estimate the fish catch by different scientists. Conventional 
models like Beaverton – Holt Model, Schaefer’s model, Gauze Model, Latke voltera 
model, Diffusion model, Ricker’s model, and Gulland and Garrod model are based 
either on simple imperil relationships or production function. The basic hypothesis is that 
the Catch-per-unit-effort (CPUE) is proportional to the biomass level and remains valid for all 
levels of fishing effort and fish biomass level. Hence several additional assumptions are: 

 

• Uniform distribution of fish population. 
• Non saturation of fishing gear 
• Non congestion of fishing vessels. 
 
A wide variety of models can be conceived depending on both the recruitment 

behaviour and the movement pattern of the fish. On the economic side cost may also depend 
on distance from port. The migratory movements and the environmental parameters coupled 
with the fish behaviour determine the ratio of catch to the effort. Available indices of effort 
and CPUE seem to provide seasonably satisfactory measures of the amount of fishing and 
abundance. Application of simple production models usually results in a good fit to observed 
points. Sometimes if searching time is not considered, the value of CPUE may remain high 
while actually the stock is declining. If fishing is concentrated on remaining patches then also 
CPUE may be misleading. Usually the relation between the amount of fishing and output 
(catch) is considered as a simple on-to-one relationship between two simple one-dimensional 
variables. This approach may be reasonably satisfactory for a single species. But the 
abundance of a given species of fish and the catches from it depend not only on the amount of 
fishing directed towards that species but also on the fisheries directed towards related species, 
especially those that feed on the first species or are preyed on by it, or compete with it for 
food and space. This problem of multi-species fishing as in our tropical waters is a general 
scientific problem of particular interest and difficulty of those providing scientific advice on 
management. 

 
Status of Marine Living Resources in the east coast bordering Bay of Bengal.  

 
In India bordering Bay of Bengal, there are 2135 fishing villages (Table-3.43) with a 

fishermen population of 2.3 million. Of this, the full time and part time fishermen together 
constitute 0.5 million and 0.3 million are engaged in fishery related activities such as 
marketing of fish, gear making and mending and post harvest operations. There are about 0.28 
million fishing units in this region of which 80% are traditional craft.  Only about 20% of 
these traditional craft are motorized (Planning Commission, 2001). Out of the small-
mechanized boats a few are multi-day fishing units. Gill nets, trawls, boat seines and hook 
and line are the common gears used. There are 2 major and 15 minor fishing harbours and 
1065 fish landing centres in the region (Nair & Diwan, 2003). 

Table 3.43. Marine fishery resources of India 

No. State/Union 
Territory 

Approximate 
length of coast 

line (Kms.) 

Continental 
Shelf (‘000 sq. 

km.) 

No. of 
Landing 
centres 

No. of 
fishing 
villages 

1 Andhra Pradesh 974 33 508 508 
2 Orissa 480 26 63 329 
3 Tamil Nadu 1076 41 362 556 
4 West Bengal 158 17 47 652 
5 Andaman & Nicobar 

Islands (P) 1912 35 57 45 

6 Pondicherry 45 1 28 45 
 Total 4645 153 1065 2135 
 All India Total   8118 530 1896 3937 

   

P – Provisional;  (Source: State Governments / Union Territory Administrations, Planning Commission 2001). 
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The approximate length of the coastline in the BOB states of India is 4645 km with a 
continental shelf area of approximately 0.15 million sq. km (Table-3.43).  The total area 
under the EEZ covering the 4 Bay of Bengal States and the two Union Territories is 1157.9 
sq. km., of which the area under EEZ of A&N group of Islands is 596.5 sq. km ( Table-3.44). 

 
Table 3.44 - The depth and region-wise area under the EEZ of the east coast states 

          (in 0000 sq. km.) 
Depth zone (m) 

Region / Latitude 
0-100 100-

200 0-200 200-500 
Total 
up to 
500 

Total 
for 

EEZ 
Wadge Bank & Gulf of Mannar 16.8 5.8 22.6 3.3 25.9 
South east coast (10°-15° N) 33.8 4.8 38.6 1.8 40.4 
East coast   (15° - 21°N) 56.6 14.5 71.1 3.9 75.0 

561.4 

A&N Islands 24.8 10.1 34.9 9 43.9 596.5 
BOB States Total 132.00 35.2 167.2 9.9 185.2 1157.9 
All India Total 387.5 61.9 449.4 35.8 485.2 2017.9 
(Source: FSI, 2000) 

 
The estimated marine fishery potential in the country’s EEZ falling in the BOBLME 

region (excluding A&N Islands) is 1.13 million tonnes, which is just about 30.6% of the 
potential of entire Indian mainland (Table – 3.45 & Fig. 23).  

 
        Table 3.45. Region-wise estimates of potential yield excluding the island territories 

                                                                                                                        (in tonnes) 
Resource North East South East Total 
Pelagic finfish 81317 419189 500506 
Demersal finfish 82674 330890 413564 
Prawns, crabs, lobsters, stomatopods 11806 66071 77877 
Squids 178 5110 5288 
Cuttle fish 345 8377 8722 
Octopus 0 97 97 
Bivalves, gastropods 0 122948 122948 
Total 176320 952682 1129002 

Source: FSI, 2000 
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Fig.23: Estimated potential yield from east coast states of India (excluding A&N Islands)  

 

 
The average annual fish production from the A&N Islands is in the order of 26120 

tonnes. Fish Production from the entire BOBLME is reported to have registered an increase of 
63% from 0.3 million tonnes to 0.82 million tonnes between 1950 and 1997 (FSI, 
2000)(Table-3.46& Fig.24). Fish production from Indian waters falling in the BOBLME 
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region registered a growth of 3.38% during the ten-year period between 1990 and 1999. (Nair 
& Diwan, 2003).  
 
Table 3.46. Marine fish landings in the east coast of India during 1989 – 1997 (in ‘000Tonnes) 

 

Region 1989 1990 1991 1992 1993 1994 1995 1996 1997 
South –east 
coast 

334.86 309.59 316.43 319.85 340.92 358.88 369.83 377.30 383.31 

North-east 
coast 

381.84 262.89 272.36 299.76 340.38 399.78 399.68 423.00 433.45 

Sub-total (East 
Coast) 

716.70 572.48 588.79 619.61 681.30 758.66 769.51 800.30 816.76 

GRAND 
TOTAL 

2320.07 2167.97 2327.07 2406.66 2416.61 2634.00 2589.08 2816.25 2821.97 
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               Fig24:  Yearly trend in fish production in the east coast states of India (1969-97) 

 
The quantity and percentage composition of the important species fished from the 

fishing region No. 57 of the eastern Indian Ocean during the past decade is presented in 
Table 3.47. (Nair & Diwan, 2003). 
           

Table 3.47. Species composition of catch taken by India from Area 57 
 

Species Av. Quantity (mt) Percentage 
Hilsa ilisha 48,300 5.827 
Flat fish 6,465 0.780 
Bregmaceros 34 0.004 
Harpodon nehereus 35,141 4.239 
Sea Catfish 35,730 4.310 
Lizard fishes 1,817 0.219 
Muraenesox spp. 4,998 0.603 
Lactarius 1,596 0.193 
Leiognathus 43,350 5.230 
Sciaenidae 38,233 4.612 
Upeneus spp. 8,373 1.010 
Lates sp.,  Lutjanus 28,398 3.426 
Hemirhamphus spp. 3,439 0.415 
Exocoetus 596 0.072 
Sphyraena spp. 3,330 0.402 
Mugilidae 9,758 1.177 
Polynemidae 5,466 0.659 
Caranx spp. 12,317 1.486 
Carangidae 3,492 0.421 
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Species Av. Quantity (mt)    Percentage 
   
Stromatidae 18,045 2.177 
Sardinella 98,928 11.934 
Engraulidae 12,682 1.530 
Other Clupeids 25,412 3.066 
Chirocentrus spp. 9,576 1.155 
Spanish Mackerals 3,561 0.430 
king Mackerals 3,050 0.368 
Struooed Seerfish 2,271 0.274 
Scomberomorus spp. 10,570 1.275 
Euthynnus afinis 242 0.029 
Thunnus tonggol 3,053 0.368 
Scombridae 5,989 0.722 
Trichiuridae 16,429 1.982 
Rastrelliger kanagurta 28,709 3.463 
Elasmobranches 32,565 3.929 
Other Marine Fish 21,743 2.623 

  
41,011 4.947 
24,220 2.922 

Decapods 
(a) Penaeid Prawn 
(b) Non-Penaeid Prawn 
(c ) Other Crustaceans  1,421 0.171 
Natanian Decapods 50 0.006 
Marine Crust Crab 13,522 1.631 
Cephalopods   
(a) Squid & Cuttle Fish 8,353 1.008 
Others 156,700 18.904 

Total 828,935 100.000 
 
It is worth noting that about 62% of the total harvest of the BOBLME area is taken 

from the eastern coast and the production from the western coast is only 38%.  Following is 
the trend of production by various bordering countries (Table 3.48, Figs.25&26) (Nair & 
Diwan, 2003).  

 

Table 3.48: Trend of fish production in BOBLME bordering countries  
        (Quantity in metric tonnes) 

 
Years 

States 
1990 1991 1992 1993 1994 1995 1996 1997 1998 

Growth 
Rate 
(%) 

India 597132 619234 688033 732390 784069 772230 799594 841249 786195 3.38 
Thailand 442219 658624 656172 823696 770634 816085 868260 859054 855006 9.68 
Indonesia 396228 416881 441592 503073 522326 558027 591247 605487 638160 4.86 
Myanmar 599231 594086 617599 625247 600100 606466 635530 672931 719328 2.27 
Malaysia 510471 401900 473995 446515 439341 504068 494091 499288 508128 1.02 
Bangladesh 253453 258884 280127 312715 253044 264650 279170 295141 300452 2.36 
Sri Lanka 134132 174231 185168 202900 212000 217500 210250 214750 236200 4.74 
Maldives 78733 80713 82154 90012 104110 104566 105558 107676 118183 5.91 
 
(Source: FAO, 2000) 
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Fig: 25: Trend in fish production in the BOBLME Countries during 1990-1998 

 (Source: FAO) 
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Fig.26: Growth rate in marine fish production trends in 

 BOBLME countries (1990-98) (Source: FAO) 
 
The annual average species-wise landings of the BOB States of India (State-wise) 

during the period 1989-97, is given in Table – 3.49. 
 

Table 3.49. Average annual state-wise marine fish landings in India during 1989-97  
 

(in tonnes) 

Name of Fish Andhra 
Pradesh Orissa Tamil 

Nadu 
West 

Bengal 
A & N 
Islands Pondicherry 

Elasmobranchs 7900 6768 14913 317 693 951 
Eel 990 1521 264 37 0 141 
Oil sardine 8669 3496 44758 203 0 2674 
Anchovies 1225 1671 8428 0 1184 1832 
Other clupeids 3061 10735 4397 26508 4515 594 
Cat fishes 4703 8692 2442 3027 478 729 
Bombay duck 770 722 0 2262 0 132 
Lizard fishes 786 0 1268 0 0 363 
Perches 2052 2002 20456 59 1956 1662 
Scianeids 2790 13407 10506 537 379 797 
Ribbon fish 6894 4346 627 259 24 350 
Carangids 2067 1118 13601 0 1654 2309 
Silver bellies 2970 1820 38483 14 1242 1480 
Pomfrets 3449 6608 2738 463 274 481 



 100

Name of Fish Andhra 
Pradesh Orissa Tamil 

Nadu 
West 

Bengal 
A & N 
Islands Pondicherry 

Mackerels 4611 2713 12112 202 1281 1776 
Seer fishes 6781 4518 7592 82 618 1671 
Tunnies 1182 88 2520 0 654 766 
Flat fishes 504 1433 3111 0 0 602 
Penaeid shrimp 8722 3262 12439 1475 125 2192 
Non P. shrimps 7989 1654 5912 215 135 1503 
Cephalopods 3426 576 5681 169 16 500 
OTHERS 48156 31993 104118 1699 7422 11349 

Total 129696 109143 317366 37529 22647 34853 
Source: FSI, 2000   

 
Fisheries along the Indian main land in the past decade have undergone substantial 

transformation.  The fishing units have been steadily increasing in number. Technological 
upgradation through motorisation of traditional craft and improvement in the multi-day 
fishing units in terms of sophistication were significant. Since the shrimp production has been 
more or less at the same levels, there has been merely a replacement of fleet of larger vessels 
by smaller shrimp trawlers for fishing shrimps. Similarly the decline in catches of some of the 
small finfishes could be due to redeployment of trawlers for shrimping purposes. On the 
contrary there has been a definite trend of increase in landings of mackerels throughout the 
east coast. 
 
       The catch per boat has come down in recent years.  A similar phenomenon was 
reported from Maldives and Sri Lanka where per trip Tuna catches have declined to half and 
Malaysian trawl catches are reported to have declined by one third.  Considering the fact that 
61% of the total fishermen who are depending on the western part of the BOBLME for their 
livelihood take only 38% of the total harvest, any reduction in the per unit productivity in the 
entire BOBLME area will have its direct impact on the livelihood of the residents of the 
western part (Nair & Diwan, 2003).  This calls for a careful scrutiny and evolving regulatory 
mechanism so that the sustainability of fishing in the region is not jeopardized. A study done 
in the recent past indicates a substantial reduction of some of the conventional resources like 
elasmobranchs, catfishes, ribbonfishes, carangids and other clupeoids. 
 
State-wise Profile on Marine Fisheries – Status and Development Potential 
 

The state-wise profiles incorporated in this report are based on the presentations made 
by the Directors of Fisheries of East Coast of India in the National Workshop on the Code of 
Conduct for Responsible Fisheries held at Chennai during September 2000 and also the inputs 
received from the respective states during the National Task Force Meeting held at New Delhi 
on 12th September 2003. 
 
Marine Fisheries Potential of Andaman and Nicobar Islands   
 
 There are a number of aquatic ecosystems in the islands, which are either not utilised 
or under-utilised.  There is a vast brackishwater and marine resources, which could be utilised 
to enhance the productivity by adopting the sustainability principles.  In view of the oceanic 
nature of the seas surrounding islands, the primary productivity even though is rather low 
there is a possibility of increasing it through fertilization and circulation of deep water to the 
surface to augment production of marine fishery resources.  The creeks, protected bays and 
open seas provide ample opportunities for capture and culture fisheries 
 
 The islands are endowed with both southwest and northeast monsoons with northeast 
being intensive with an annual average rainfall of around 3000 mm spread over for a period 
of 7 to 8 months.  With the climate being tropical, the islands are endowed with over 86 % of 
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forest cover.  The Andaman sea experiences upwelling with moderate intensity during 
monsoons. The islands are influenced by cyclonic weather during the rainy season.  In the 
absence of perennial rivers, monsoon is the main source of freshwater.  The heavy rains and 
land drains have influence on the coastal water quality through reduction in salinity and 
increase in turbidity.  Also, there is a fluctuation in temperature, pH, dissolved oxygen and 
nutrients. The temperature is typically tropical ranging from 17° to 33°C.  The salinity of 
coastal Andaman waters normally varies between 25 and 36 ppt (Sampath et al, 2003). 
 
Capture Fisheries 
 

The marine capture fishery potential of A&N Islands has been reported to be of the 
order of nearly 139,000 tonnes to 160,000 tonnes, by different authors over the past three 
decades, with the exception of Mathew et. al (1990) who estimated the potential of A&N 
Islands as 690,000 tonnes and Sarupriya (2000) as 10,90,000 tonnes.  However, as per the 
revalidated estimate made by the Ministry of Agriculture during 2000, it is about 246,000 
tonnes.  The present level of fish production from the A&N waters is hardly about 28,000 
tonnes.  A review of the trend in fish production over the last decade indicates that the fish 
production has been leveling off around 26,000 tonnes with the exception of the year 1998, in 
which the fish production was nearly 29,000 tonnes (Sampath et al, 2003). 
 

The major contributors to the fisheries are sardines, perches, carangids, tuna, 
anchovies, mackeral and seer fish.  It has also been evident from the analysis of the fish 
landings vis-à-vis the fishing gears used for pelagic fisheries that there is a mismatch as 
evidenced by the poor landings of some of the pelagic fishes such as sharks, tunas during 
1999 when the number of hook and line operated in the area increased three-folds over 1998.   
 

The present fishing efforts are largely confined to inshore waters through artisanal, 
traditional and motorised crafts. Around 30 groups of fishes are exploited in the islands. The 
offshore and deep-sea sectors remain either under explored or unexplored for various 
obvious reasons including inadequate infrastructure, storage, transportation, marketing 
and related facilities. There is a possibility for diversified fishing of cephalopods, 
lobsters, shrimps and finishes for exploring the under and un-explored offshore and 
deep-sea sectors to augment production.    
 

Plank built boats fitted with out-board/in-board engines and other indigenous crafts 
are used by the fishermen for fishing. Their overall length ranges from 10 to 35 feet.  As per 
the available statistics, about 1200 country crafts, 250 motorised crafts and 170 mechanised 
fishing vessels are operating in the Andaman waters for fishing. Gill nets, hook and line and 
cast nets are the major gears used for fishing. Shore seine, Trammel net etc., are also 
sparingly used.     
 
 There are eight fish landing centres in A&N Islands.  The centre-wise fish landings 
during 1995-1999, is given in the following table (Table 3.50). 
 

Table 3.50:  Major landing centres and fish landings (Kgs) in A&N Islands 
 

Sl. 
No. 

Name of the 
Region 

Distance from 
Port Blair in Km 1995 1996 1997 1998 1999 

1.  Diglipur 18 1306 1478 1954 1100 788 
2.  Mayabunder 157 784 797 898 876 612 
3.  Rangat 93 1090 2128 3558 2727 3043 
4.  South Andaman  19560 19744 16872 22755 20595 
5.  Little Andaman 122 1054 1013 800 836 887 
6.  Car Nicobar 278 261 222 121 93 27 
7.  Nancowry 435 552 650 319 135 199 
8.  Campbell bay 482 522 519 452 461 522 
 Total  26120 26551 24974 28983 26673 
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Export of Marine Products 
 

 The quantum of marine products exported from A&N Islands ranged from 69.83 
tones to 108.05 tones over the 5 year period between 1996 & 2000. Live fish (Grouper), 
Frozen fish, Dried fish, Shark fins, Lobster (Live), Crab (Live), and Prawn are the major 
fishery products exported from the Islands. 
 

At present a 25 tonnes cold storage and 15 tonnes ice plant is operational at Port Blair 
to meet the demand of ice storage facilities. Another ice plant of 15 tonnes capacity and cold 
storage with a capacity of 10 tonnes has also been commissioned at Hut bay. More ice plants 
and cold storages at Rangat, Mayabunder, Campbell Bay, Wandoor, Havelock and Diglipur 
are in various stages of construction. Fish markets with deep freezers for storage of excess 
catch have also been constructed at various places to facilitate marketing of fish/other marine 
products by the fish vendors.  
 
Implementation of the Code of Conduct for Responsible Fisheries in A& N Islands 
 
 At present, the Andaman and Nicobar Islands Fisheries regulation (1938) and the 
rules framed thereunder are in force. The regulation has the jurisdiction over the territorial 
waters.  The rules include Andaman and Nicobar Islands Fishing Rules (1939) and its 
amendments made from time to time.  The A & N Islands Shell Fishing Rules (1978) regulate 
shell fisheries in the islands.  The A & N Islands Allotment of Brackishwater areas for 
Coastal Aquaculture to Entrepreneurs Rules (1989) regulate the brackishwater related 
activities.  These Rules and Regulations are intended to meet the ultimate objective of the 
Code of Conduct for Responsible Fisheries, which is the sustainable development of fishery 
resources to meet the requirements of the present and future generations. In order to meet the 
requirements, there are various issues involved, which are to be addressed on priority. The 
main issues involved are: 

 
•  Formulation of a Fisheries Development Policy suitable for the island conditions. 
•  Working out a new strategy for the development of fisheries with short-term and 

long-term objectives. 
•  Formulation of a new Regulation/Act and rules covering all aspects of marine capture 

fisheries, culture fisheries including mariculture, fish processing and trade. 
•  Providing a proper institutional framework.  
•  Integration of Marine Capture Fisheries, Coastal Aquaculture, Tourism and other 

developmental requirements in the Coastal Zone Management Plans. 
 
Status of Marine Fisheries in Tamil Nadu  
 

Present Status of Fisheries 
 

Tamil Nadu is one of the nine maritime States of India endowed with the second 
longest coastline of 1 076 km. There are 591 marine fishing villages along the coast with a 
total marine fishermen population of 7.17 lakh (almost 1% of the total population of the 
State), of which 2.62 lakh are actively engaged in fishing. The fishing fleets of Tamil Nadu 
consist of 33945 traditional crafts, 9896 mechanised and 8592 motorised crafts. There are 3 
major fishing harbours, 4 medium fishing harbours, 6 landing jetties and 362 fish landing 
centres. The total marine fish production of the State during 1997-1999 was 3.59 lakh tonnes. 
Tamil Nadu has exported 41 000 tonnes of marine products worth Rs. 1220.00 crores during 
1997-98 (Source: Tamil Nadu Fisheries Statistics, 1999-2000). 
 

The continental shelf of Tamil Nadu (up to 100 fathom/200 m depth) is narrow in 
most places varying from 4.0 to 6.0 km in width from the coast covering an area of 41412 km. 
The continental shelf of Tamil Nadu is divided into three zones namely: the inshore belt, up to 
10 fathom depth (16058 km); the offshore grounds, 10 to 25 fathoms depth (7197 km); and 
the ’Deep Sea’ area, 25 to 100 fathoms (18157 km). 
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The EEZ of Tamil Nadu is about 0.19 million sq km. The stock assessment of marine 
fisheries potential was first carried out during 1927-1928 with the vessel “LADY GOSHAN” 
followed by periodic studies by the Fisheries Department, Central Marine Fisheries Research 
Institute (CMFRI), Fishery Survey of India (FSI), etc. The resource potential is estimated as 
follows: 
 
Gulf of Mannar: 
 

(a) Pelagic Resource Potential     - 5.00 lakh tonnes 
(b) Demersal fisheries including wadge Bank - 2.85 lakh tonnes 

  
Palk bay 
 

(a) Pelagic fishery potential    -  0.56  lakh tonnes 
(b) Demersal fishery potential    -  1. 13 lakh tonnes 

 

Coromandal coast 
 

Potential of both pelagic and demersal       -  1.50  lakh tonnes 
 

Total                                                            11.04 lakh tonnes 
 
Marine fish production 
 

The marine fishing policy of Tamil Nadu has focused on the exploitation of resources 
in inshore waters by introduction of mechanisation over the last four decades. As a result, the 
marine fish production in Tamil Nadu has gone up from 93,280 tonnes in 1961-62 to 3.71 
lakh tonnes in 2001-2002, out of which, 95% comes from the inshore waters. The 
technological advancement coupled with growing dependence on the resources exerts 
pressure in the inshore areas resulting in declining catch per unit effort (CPUE). This has 
created frequent group clashes between traditional fishermen and mechanised boat operators 
causing tension and harming the social atmosphere. 
 

Though the inshore fishery resources are exploited at near optimum level, the 
fishery resources of offshore and deep-sea areas are either unexploited or under-
exploited. The main reasons for this are (i) non-induction of adequate deep-sea vessels, 
(ii) lack of technology, expertise and infrastructure facilities for exploiting the deep-sea 
fishery resources. 
 
Management and conservation plan 
 

There is a vast scope for the exploitation of fishery resources in the offshore and 
deep-sea areas. There are two sets of challenges in marine fishing sector in the new 
millennium. Management measures in marine fisheries include both promotion and 
conservation.  
 

The natural causes for degradation of the marine environment is siltation in the river 
mouths and sea erosion. Man made structures like harbours also have an impact on the 
adjacent ecosystem. The impact on fisheries due to the urban and industrial effluent discharge 
into the sea needs to be continuously monitored so as to assess the extent of impact on the 
health of the ecosystem and fish stocks.  
 

The Government has initiated resource management efforts to enhance and regenerate 
the resources that are under threat of degradation in the coastal ecosystem. The coral reef of 
Gulf of Mannar, an important ecosystem is indiscriminately exploited for liming purposes. 
Similarly, the mangrove ecosystem in the east coast is under the threat of degradation due to 
illegal cutting for fuel purposes. The Government, with a view to conserve these critical 
habitats, has declared a part of Gulf of Mannar as Marine National Park. 
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For sustainable marine fisheries, stock enhancement of marine living organisms 
is an important factor. Some of the South East Asian Countries succeeded in their 
marine stock enhancement by declaring closed seasons, fish sanctuaries and mesh 
regulation in specific areas, especially at breeding and nursery grounds of marine living 
organisms. “Sea ranching” is another way of stock enhancement by stocking with 
captive bred juveniles. The Government, on an experimental basis, carried out ranching of 
tiger shrimp seeds in Pulicat Lake during the year 1997-98 which was well received by the 
local fisherfolk. It is estimated that the loss due to ineffective post-harvest technology of 
marine catches is 30%. This can be avoided by improving the preservation, storage and 
transport system. The ‘by-catch’ discard by fishing fleets has threatened the populations of 
many of the commercially un-important aquatic organisms. Hence strategies must be evolved 
for reduction of ‘by-catch’, either legally or by educating the fisherfolk about the technology 
of value addition. 
 
Implementation of the Code of Conduct for Responsible Fisheries  

 
The Code of Conduct for Responsible Fisheries has been pursued in the State and its 

principles are not new to Tamil Nadu.   In 1983 the Marine Fishing Regulation Act and Rules 
were passed in Tamil Nadu, to regulate the marine fishing and to protect the interests of the 
traditional fisherman. The Act provides, mesh regulation, imposing of ban on certain fishing 
methods and on certain gears to conserve the fishery for longer duration so as to conserve the 
fish wealth for the future generation. It also stipulates the area/zone of fishing for traditional 
fishing and mechanised fishing. 
 

Even with all the above precautionary measures, the increase in population is a major 
constraint.  The increase in production will provide adequate supply, whereas inadequate 
production will lead to rationing. Increase in population of the fishing community has caused 
constant increase in fishing efforts.  Rate of production by nature remains more or less the 
same on the resource side, whereas the increase of fishing efforts naturally decrease the 
landing/per capita income/return, The increase in population, number of mechanised fishing 
boats, number of country crafts and fish food requirements are all causing over-fishing and in 
certain cases exceed the sustainable limit. 
 
Status & Potential for marine living resources in Pondicherry 
 

Pondicherry has a coastline of 45 k.m. rich with marine fisheries resources. The total 
fish production of Pondicherry for 2001-02 was 44,500 tonnes, of which 39,600 tonnes tonnes 
were from marine sector alone. While Pondicherry, Karaikal and Yanam are situated on the 
Coromandal coast, Mahe is situated on the Malabar Coast. About 800 ha of brackishwater 
resources are available at Pondicherry, Karaikal and Yanam regions. 
 
Present Status of Fisheries 
 

With the twin objective of increasing fish production from both marine and inland 
water resources and to improve the socio-economic status of fisherfolk of the Union 
Territory, various development/welfare-oriented schemes are formulated and are being 
implemented placing greater emphasis on production-cum-employment oriented activities. 
 

There are 45 marine fishing villages with a population of about 43495 out of which 
10971 marine fishermen are actively engaged in fishing. At present about 560 mechanised 
boats and about 7300 traditional crafts are engaged in marine fishing. The Union Territory is 
promoting development of sustainable and responsible fisheries and the following important 
programmes inter alia are being implemented. 
 

The government proposes to provide shore-based facilities, infrastructure facilities to 
set up ice plant-cum-cold storage unit in the coastal fishing villages.  
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To disseminate technical know-how in fisheries technology, fishermen youth are 
being deputed to various Central/State Training Institute for undergoing training. Further a 
short-term training programme is organized for fishermen on post-harvest technology.  
 

At present there are 38 Fishermen Cooperative Societies in Pondicherry with a 
membership of 28754. To strengthen and for better functioning of the primary cooperative 
societies, financial assistance is extended in the form of share capital contribution and loan for 
various purposes. In order to create awareness among fisherwomen, one Fisherwomen 
Cooperative Society was established at Mahe viz., “Priyadarshini Fisherwomen Cooperative 
Society”. All the Fisherwomen members are actively engaged in fishing activities and other 
self-employment project. 
 

For effective and judicious exploitation of vast and rich fishery resources from 
marine and inland waters and to minimise the burden of the fishermen on the procurement of 
fishery requisites like nets, ropes, floats, sinkers, nylon twine, fish containers, ice boxes and 
other requisites, necessary financial support and incentives are being provided. (Personal 
communication from Directorate of fisheries, Pondicherry). 
 
Status & Potential for Marine Living Resources in Andhra Pradesh  
 

Andhra Pradesh is endowed with natural resources such as a long coastal line of 974 
km. and a continental shelf of 33130 sq. km.  All along the coast, there are 508 fishermen 
villages with a fishermen population of 5.7 lakh. 
 

The fish and prawn production during the year 2002-03 was 8.66 lakh tons.  The 
contribution of fisheries sector to the Gross State Domestic Product (GSDP) in this state is 
2.21%.  The State is contributing about Rs. 2,400 crore by way of marine products export, 
which is nearly 40% of the total marine products exported from the country (Personal 
communication from Department of Fisheries, Andhra Pradesh). 
 

There are 3 fishing harbours at Vizag, Kakinada and Nizampatnam and a new harbour 
at Machilipatnam is nearing completion.  For the safety of marine fishermen shore to vessel 
communication system has been established with 12 shore communication stations all along 
the coast.  745 VHF sets were supplied to the mechanised boat fishermen on 50% subsidy.  
There are 8642 mechanised, 4562 motorised and 53853 traditional crafts are operating along 
the coast. 
 

The State is having a potential of 4 lakh tons of fish and shrimp production. During 
the year 2002-03 the production of marine fish and shrimp was 2.48 lakh tons.  
 
Issues concerning marine fisheries development & management 
 
Over-exploitation in inshore waters 
 

Due to lucrative price for shrimp in the export market inshore waters are repeatedly 
swept by the mechanised boats.  Hence the shrimp production in the inshore waters is getting 
depleted. 
 
Under-exploitation in off shore pelagic waters 
 

Offshore pelagic resources have not been exploited in the Andhra coast either by 
trawlers or mechanised boats.  There is a plenty of pelagic fish stock like tuna, sharks, seer 
fish, etc. in these waters. 
 
 



 106

 
Pollution of inshore marine waters  
 

The inshore waters of the Bay of Bengal along the Andhra coast are getting polluted 
due to the following activities: 
 

v Industries  
v Oil Rigs   
v Draining of sewage into the sea  

 
Exploitation of endangered species 
 

The Olive Ridley Turtles are being exploited by the fisherfolk for meat and eggs in 
certain areas of north coastal Andhra Pradesh, which is a prohibited activity under the Wild 
Life (Protection) Act.  
 
Deforestation of mangroves  
 

  Mangroves are being destroyed for conversion into aquaculture ponds, which causes 
heavy damage to the coastal environment and fishery wealth. 

 
Wild shrimp seed collection is another major activity in the area, having a social 

mileu, as in West Bengal and Orissa.  
 
Remedial Measures 
 
Over exploitation in inshore waters 
 
        Andhra Pradesh Government has enacted an A.P. Marine Fishery Regulation Act 
during the year 1995 and it came into force from 1996.  With the help of this Act, there is a 
clear-cut demarcation for the mechanised & traditional craft fishing areas where they should 
operate for fishing and the traditional fishermen are being protected from the mechanised 
boats.  The Act provides rights to the traditional fishermen for fishing, from the shore up to 8 
km.  Beyond 8 km. and up to 24 km, the mechanised boats are allowed for fishing. Under this 
Act, there is a provision for Mesh Regulation, which controls the exploitation of Juveniles by 
providing minimum ½” cod end mesh. The Govt. of A.P. is also implementing a complete 
ban on exploitation of marine resources from 15th April to 30th May since this period is 
identified as breeding season for important species in the East Coast.  The Act also has a 
compulsory clause to fix a TED to the trawl nets by means of which all the trapped Turtles 
can escape. 
 
Un-tapped fishery in pelagic waters 
 

The A.P. Government is planning to exploit the fishery wealth of pelagic region by 
suitable modification of the deck and gear of mechanised boats in such a way that it is 
suitable for exploitation of pelagic fishery.  In the first instance 50 Mechanised boats are 
proposed to be taken up.  For this modification, financial assistance has been sought from 
bankers. On successful implementation of this project, it will be extended to the other fishing 
harbours in a phased manner. 
      
Mangroves Afforestation 
 

It is proposed to take up a massive mangrove afforestation programme with the 
participation of NGOs, Forest Dept., Fishermen Cooperative Societies and local people all 
along the coast for promoting the breeding and rearing grounds to improve the fishery wealth 
and to protect the shore areas from natural cyclones, gales, etc, 
 
 



 107

Implementation of the Code of Conduct for Responsible Fisheries 
 

Some of the important activities undertaken by the Government of Andhra Pradesh 
towards sustainable and responsible fisheries are as follows: 
 

• One of the most important fishery management practices is the observance of ban on 
fishing by all the coastal States in India. Based on the Government of India’s initiative a 
uniform ban of 45 days is being observed by from April 15 to May 30 during the last two 
years, which has resulted in enhancement of fish landings substantially, in Andhra 
Pradesh as per the statistics.  

 

• Andhra Pradesh with the assistance of Government of India has established five artificial 
reefs on the east coast and one by an NGO at Nellore District. This scheme is based on 
community based development and the fishermen in the neighborhood have been trained 
and made aware of the advantages.  

 

• Another important measure for sustained fishery including aquaculture is to regulate the 
quality of seed and feed, which have direct bearing on the ecological balance. The State 
Government is in the process of enacting a Seed Act for controlling the quality of seed.  

 

• The Marine Fishing Regulation Act, which has been enacted by the State, based on the 
guidelines given by the Government of India, is yet another important tool for regulating 
fisheries and also for preventing excess exploitation and disputes among traditional 
fishermen and mechanised fishermen on the fishery rights.  

 

• Establishment of marine parks and sanctuaries will go a long way in understanding the 
animal life and their habitats by the common people, besides providing amusement and 
tourist attraction. So is the case with the protection of mangroves along the coast, which 
is the natural habitat for several shrimp and fish species.  

 

• Regarding the safety and welfare of the fishermen as envisaged in Article 8 of the Code, 
Andhra Pradesh has established shore to vessel communication stations all along its 
coastline connecting them with the VHF sets supplied to the mechanised boats. Similarly 
an important life saving device like life floats as designed in consultation with the FAO is 
also being supplied to all the fishermen.  

 
Status & Development Potential of Marine Living Resources in Orissa 

 
Orissa State has 480 km of coastline and 24 000 sq. km of continental shelf that 

spreads over six coastal districts, which are Balasore, Bhadrak, Kendrapara, Jagatsinghpur, 
Puri and Ganjam. The population density is 202/sq. km. The literacy is 48.65%, of which 
male literacy is 62.37% and female is 34.40%. There are 329 fishing villages with a 
population of 1,73,197. There are four fishing harbours, 23 jetties and 67 fish landing centres 
in the State. 
 

The entire coast of the State is broadly divided into two regions viz., North Orissa 
coast comprising Balasore, Bhadrak and Kendrapara districts, and South Orissa coast 
constituting Jagatsinghpur, Pun and Ganjam districts. The North Orissa coast is shallow, 
muddy and calm with extensive river deltas compared to South Orissa coast, which has the 
surf beaten sandy beaches. The Chilka lagoon, situated in Khurda district, is the largest of its 
own kind, having minimum water spread area of 790 sq. km. with its opening to Bay of 
Bengal. A population of 1,04,040 from 128 fishing community villages solely depends on 
Chilka fisheries. Fishing activity, which is closely related to the socio-economic conditions of 
the local inhabitants of the coastal area, needs to be regulated. 
 
Present Status of Marine Fisheries 
 

The continuous and intensive exploitation of marine fisheries resources has resulted 
in increase in fish production during the last five years i.e. 1995-96 - 1.23 lakh tonnes, 1996-
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1997 - 1.33 lakh tonnes, 1997- 1998 - 1.56 lakh tonnes, 1998-1999 - 1.24 lakh tonnes and 
1999-2000 - 1.25 lakh tonnes as against the estimated maximum sustainable yield (MSY) of 
1.256 lakh tonnes. In the year 2000-01 the marine fish production was 1.21 lakh tonnes and in 
2001-02 – 1.14 lakh tonnes.   However, there are indications that the inshore fishery has 
already reached the maximum production level in Orissa coast. Poor replenishment of the 
natural fisheries is considered an important cause for depletion of catch because breeders and 
young fish/prawns are indiscriminately caught by the fishing nets during the breeding season. 
Sea turtles face mortality along the coast and are considered endangered. Considering all the 
above factors, the State Government has already implemented the Orissa Marine Fishing 
Regulation Act/Rules with the objective to regulate fishing activity and for scientific 
management of fisheries in the territorial water of the State. (Personal communication from 
Orissa Fisheries Department). 

 
Infrastructure 
 

Fishing Harbors        4 
Fishery Jetties 23 
Fish landing Centers 67 
Ice Plants   7 (Deptl.) 
Processing plants, Cold 
Storage, Ice Plant & Peeling-Shed                         
 

21 (Pvt.) 
 

Primary Fishermen Cooperative Societies 
Marine 73 
Chilka Lagoon 84 

 
Sustainable and Exploitable Marine Potential of Orissa (in tonnes) 
 

Demersal Fishes             7,400 
Crustaceans: 
a) Penaeid Prawns              4,700 
b) Non-penaeid prawns              2,400 
Other Crustaceans                         300 
Cephalopods                                500 
Pelagic resources                    40,000 
Total                                     1,25,600 
 

(Source: FSI, Bulletin 19th Nov.1990) 
 
Important instruments of OMFRA/Rules are: 
 

v Restricting the number of fishing boats operated in the harbors and jetties; 
v Prohibiting fishing of prawn larvae around river mouths and in adjacent coastal 

waters: 
v Prohibiting fishing within a seaward radius of 20 km from Gahirmatha area of 

Bhitarkanika Wild Life Sanctuary. 
v Prohibiting fishing up to a seaward distance of 20 km from the high tide line (Shore) 

of Orissa from Jatadhar River mouth to Devi River mouth and from Chilka mouth 
(Magarmukha) to Rushikulya River mouth for a period of 5(five) months from 
January to May of each calendar year. This provision is meant for safe migration of 
sea turtles to their respective breeding grounds. 

 
Use of Turtle Excluder Device (TED) in the trawl nets is limited because of the non-

availability of the appropriate design. 
 

The proposals for declaring ban on marine fishing during the breeding season and 
increasing mesh size of the cod end of the trawl net up to 30 mm. are under active 
consideration of the State Government for inclusion in the OMFRA/Rules. 
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Further, the State Government has notified Ghahirmatha “(Marine) Wild Life 
Sanctuary” with a total area of 1 435.00 sq. km including 1408.00 sq. km of water body and 
27 sq. km of landmass including reserve forests (mangrove), mud flats and accreted sand bars. 
It restricts the fishing activities in the area. The State Government has also constituted State 
level monitoring body to review proper enforcement of the legal provisions against illegal 
fishing in sea turtle congregation areas and four monitoring teams for patrolling of the coastal 
sea, seizure of offending fishing trawlers and boats and their detention in custody and 
prosecution. 
 

While considerable stress has been given in recent years for the protection of forest 
and land resources, the marine fishery development schemes aim at only increasing fish 
production without paying adequate attention to conservation of resources. The educational 
and socio-economic backwardness prevailing among the coastal fishermen renders proper 
implementation of conservation policies difficult. It is therefore, imperative that an effective 
educational process is put into operation to enlighten the fishing community about the benefit 
of the conservation programmes and about the appropriate know-how for their successful 
implementation. So, appropriate extension programmes in an organised manner should be 
initiated for creating public awareness on conservation of marine resources. 
 

Above all, considerable data on the MSY of Orissa coast is a primary requirement for 
perspective coastal resource harvesting plan. Hence, Fishery Survey of India, Mumbai and 
CMFRI, Kochi may conduct exploratory survey and inform the administration of the 
harvestable potential. They should also estimate additional harvestable yield that could be 
obtained on a sustainable basis from different depth zones as the Islands have a peculiar 
continental shelf. 
 
Status & Potential of Living Marine Resources in West Bengal 
 
Present Status of Fisheries 
 

West Bengal has a coastline of 158 km with a continental shelf area of 17000 sq. km.  
There are 652 fishing villages along the coastal belt engaged in different types of fishing 
activity.  Over 5512- traditional/motorized fishing crafts and 3362 mechanised fishing vessels 
are engaged in the fishing activity.  The annual average marine fish production from the state 
compiled on the basis of fish landings during 1989-97 is 37,529 tonnes.   
 

The Government is well aware of the dangers of rapid and uncontrolled exploitation 
and development in the fisheries sector and also equally aware about the new approaches to 
fisheries management embracing conservation and environmental considerations. The articles 
of the Code of Conduct for Responsible Fisheries are very important to this State. In order to 
give effect to the articles of the Code, multi-pronged steps have been taken. So far as 
obligations of legal instrument with binding effect are concerned, the Fisheries Department 
has enacted and enforced two main Acts. 

 
v West Bengal Inland Fisheries Act, 1984. 
v West Bengal Marine Fishing Regulation Act, 1993. 
v The principles contained in the Code have prompted the lawmakers to enact the West 

Bengal Inland Fisheries Act, 1984. This Act was made with the clear objective of 
conservation, development, propagation, protection, exploitation and disposal of 
inland fish and fisheries in West Bengal.  

 
Any person causing pollution of any flowing water or any confined water area may 

also be prosecuted and shall, on conviction be punished with imprisonment for a term which 
may extend to six months or with fine which may extent to Rs. 10 000 or with both vide 
Section 6 (3) of the Act. 
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In the training courses and awareness camps meant for fish farmers and fishermen, all 
these provisions of laws and rules are stressed and propagated. 
 
Enactment and enforcement of the West Bengal Marine Regulation Act and West Bengal 
Marine Fishing Rules 
 

The Act came into force from 5 March 1998. The Act and Rules framed there under 
were made for proper management, conservation and rational exploitation of marine 
resources within the area of fishing jurisdiction of the State. 
 

The State Government has powers to regulate, restrict and prohibit the following 
matters: 
 

Ø Fishing in any specific area by such class or classes of fishing vessels as may be 
prescribed; 

Ø Number, size and class of fishing vessels which may be used for fishing in any 
specified area; 

Ø Catching in any specified area of such species of fish and for such period as may be 
specified in notification; 

Ø Use of such fishing gear indicating mesh, size or type of construction or any other 
general description of any specified area as may be prescribed; 

 
The State Government is striving hard for achieving the aforesaid purposes keeping 

in mind, inter alia, the need to conserve fish and to regulate fishing on scientific basis 
(Section 492) (b) of the West Bengal Marine Fishing Regulation Act, 1993). Section 9 of this 
Act also enshrines that the owner of every vessel, used or intend to use for the purpose of 
fishing and kept in the State, shall get the vessel registered under this Act. It is also important 
to note that if any fishing vessel is found to be used or has been used in contravention of any 
of the provision of this Act or the rules the vessel could be impounded with all the fittings and 
accessories on board and seize any fish found in it vide Section 15 of this Act, 
 
Infrastructure 
 
Presently, the State has three fishing harbours namely Fraserganj, Shankarpur State – I & II. 
 

There are as many as 12 Fish Landing Centres in the State - five in Midnapore district 
and seven in South 24 Parganas district. The checklist for better management and 
maintenance of hygienic condition in the fishing harbours and fish landing centres; as 
received from the Government of India, has already been circulated to the appropriate 
authority for compliance as far as practicable.  
 

Government of India has provided four patrol boats to the State Government for 
facilitating implementation of the provisions of Marine Fishing Regulation Act and Rules in 
the territorial waters of the State.  
 
Introduction of combination vessels for exploitation of marine resources 
 

It has been experienced during fishing that considerable quantities of low value fish 
captured by the trawlers are thrown back into sea for want of adequate facilities on board. 
 

It is true that introduction of combination vessel in such area is a capital-intensive 
endeavour. Nevertheless, it is suggested that such facilities be introduced on pilot basis. 
 
Simplification of the Code of Conduct for Responsible Fisheries 
 

The essence of the Code has been translated into Bengali and distributed among the 
local fishermen. The Code of Conduct for Responsible Fisheries should be more actively 
pursued and implemented through enforceable measures.  
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3.4 Status and Potential for Coastal Aquaculture & Mariculture 
 

Global production of farmed aquatic animals and plants in 1999 reached 42.8 million 
tonnes with a value of US$ 53.6 billion.  Of this, crustacean farming (shrimp, prawn and other 
minor crustaceans), accounted for about 3.7% of the total yield and represented 16.5% of the 
total revenue from aquaculture world-wide.  The yield from shrimp farming alone represented 
about 2.6% of the total aquaculture output that year or more than 1.1 million tonnes at a value 
of about US$ 6.7 billion.  In 1999, yields from shrimp aquaculture represented more than 
28% of the total shrimp market.  The three main cultivated species (P. monodon, P. vannamei 
and P. chinensis), account for more than 82% of the total production.  While P. monodon 
ranked 20th by weight in terms of global aquaculture production by species weight in 1999, it 
ranked 1st by value at US$ 3.6 billion.  The annual average increase in farmed shrimp 
production was 5.10 % in the 1990s. This achievement was driven by the high value and 
market demand for shrimp that attracted considerable private and public sector investment 
(World Bank, 2002).   
 

Out of the total estimated brackishwater area of 11,90,000 ha. available in the 
country for aquaculture development, over 54% i.e., 6,42,600 ha. lie in the states 
bordering Bay of Bengal.  The total area under coastal aquaculture in the country presently 
is about 1,56,500 ha, producing 1,02,900 tonnes of shrimp. The contribution of the four major 
culture shrimp producing States in the east coast to the total area under culture is 87.5% and 
to the culture shrimp production was 89.1% (Table –3.51)    

 
Table 3.51: Statewise details of shrimp culture in the East coast of India 

(as on 31-3-2002) 
 

State 
Estimated 

Brackishwater area  
( ha ) 

Area under 
culture (ha) 

Production (head-on) 
(in metric tonnes) 

West Bengal 4,05,000 46,750 26,800 
Orissa 31,600 8,120 8,960 
Andhra Pradesh 1,50,000 79,600 51,230 
Tamil Nadu 56,000 2,480 4,710 
Total (East coast) 6,42,600 1,36,950 91,700 
All-India Total  11,90,000 1,56,500 1,02,940 

(Source: Jose Cyriac, MPEDA, 2002) 
 

Shrimp culture has been practiced for a long time in India, but only at traditional and 
extensive levels. One of the most noteworthy practices is that of rotating shrimps with rice, 
significant especially in West Bengal. Even before shrimp farming became an important 
activity in India, shrimp, particularly the black tiger, Penaeus monodon, was already an 
important commodity. Starting in 1988 when catch figures on the species first appeared in 
FAO Fisheries Statistics, India was already landing 89,382 metric tons. 
 

Culture Shrimp production in India rose from a mere 10,000 tonnes in 1984 to 97,500 
tonnes in 1995, but dropped to 65,600 mt in 1997 (Table-3.52). 
 

It was in 1993 that shrimp farming really took off in India, increasing by 80.5% to a 
tune of 72,200 mt. It was a relatively late start; but by this time, the industry had either 
collapsed or had already reached its peak in most of the neighbouring countries. Farmed 
shrimp production reached an all-time high of 97,500 mt in 1995 - at a time when landings 
from capture fisheries dropped to 78,912 mt. Thus, for the first time P. monodon production 
from aquaculture exceeded that of capture fisheries.  
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Table 3.52: Shrimp production in India 1984-1998 
 

Year Quantity (in ‘000 tonnes) 
1984 10.00 
1985 13.00 
1986 14.00 
1987 15.00 
1988 20.00 
1989 28.00 
1990 30.00 
1991 35.50 
1992 40.00 
1993 72.20 
1994 91.20 
1995 97.50 
1996 95.20 
1997 65.60 
1998 81.10 

 
Aquaculture production in India increased from less than 200,000 tonnes in the early 

1980’s to 2,029,620 tonnes by 1998, of which the contribution of shrimp was approximately 
4% (Table- 3.53). The rest of the aquaculture production came from freshwater aquaculture, 
mostly Indian major carps and Chinese carp  - Cyprinus carpio (Bangkok strain).  
 

Table 3.53. Aquaculture Production in India 1989-1998 
                                                   (in tonnes) 

 
Production Year 

All Species Shrimps 
1989 1,000,500 28,000 
1990 1,012,121 29,985 
1991 1,220,761 35,500 
1992 1,388,644 40,000 
1993 1,426,902 72,200 
1994 1,527,796 91,168 
1995 1,686,338 97,539 
1996 1,783,482 95,152 
1997 1,862,250 65,581 
1998 2,029,619 81,070 

      (Source:  FAO 2000) 
 

Shrimp Seed Production in India 
 
 With the expansion in the area under coastal aquaculture, and the non-reliability of 
supply of seed from the natural resources, the country witnessed a shift from natural to 
hatchery produced shrimp seed.  Along with the commercialization of aquaculture, a large 
number of commercial shrimp hatcheries also started coming up all along the east coast in 
particular, during the late 1998s and early 1990s. There are over 260 shrimp seed 
hatcheries in the country today with a capacity to produce about 11 billion seed of PL -
20 size (Yap, 2000) (Table –3.54). Out of this in Andhra Pradesh and Tamil Nadu alone there 
are 205 hatcheries, with West Bengal and Orissa together contributing 12 numbers to the 
total. Out of 10,831 million seed produced, these two states contribute 9,842 million (91%). 
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Table 3. 54: Shrimp hatcheries in India 
 

State Number of Shrimp 
hatcheries 

Annual production 
level (in million) 

West Bengal 3* - 
Orissa 9 445 
Andhra Pradesh 133 6,909 
Tamil Nadu 72 2,933 
Kerala 24* 248 
Karnataka 12* 240 
Maharashtra 6* 51 
Gujarat 1 5 

Total 260 10,831 
Source: State-wise inventory of Aqua hatcheries 2000.  

Fishing Chimes, 19 (10 &11): 164-214 
 

Shrimp feed production 
 

Commercialisation of shrimp aquaculture witnessed the dawn of shrimp feed 
production on commercial scale, with the initiatives of the corporate sector with foreign 
investment and expertise.  Presently 33 shrimp feed mills with a total installed capacity of 
1,50,000 tonnes are operating in the country, of which 28 are in the East coast States.  
Andhra Pradesh tops the list with 24 feed mills (Table – 3.55). 
 

Table 3. 55. Shrimp Feed Production in India 
 

State Number of feed 
mills 

Installed Capacity 
(MT) 

Kerala 2 12,000 
Karnataka 3 1,000 
West Bengal 1 6,000 
Andhra Pradesh 24 1,10,500 
Tamil Nadu 3 20,500 

Total 33 1,50,000 
 

 
Development of coastal aquaculture, and shrimp farming in particular, has generated 

debate in recent years over the social and environmental cost and benefits.  Rapid expansion 
of shrimp farming in some countries such as Latin America and Asia including India has 
focused attention on the need for effective management strategies.  Such strategies are needed 
to enhance the positive contributions that shrimp farming and other farms of coastal 
aquaculture can make to economic growth and poverty alleviation in coastal areas, while 
controlling the negative environmental and social impacts that may accompany poorly 
planned and regulated developments.    
 
Steps taken for sustainable aquaculture development 
 
 In pursuance of the Hon’ble Supreme Court’s directive in its December 1996 order, 
the Government of India has constituted the Aquaculture Authority (AA) with its 
headquarters at Chennai in order to regulate shrimp farming in the country.  Further the 
Hon’ble Supreme Court also directed that all the shrimp culture units already existed or to be 
newly constructed should require permission/ approval from the Aquaculture Authority prior 
to culture practices.  As such, it is mandatory on the parts of shrimp culturists to apply for 
permission in the prescribed form prescribed by Aquaculture Authority. Accordingly, the 
State Governments have constituted the State Level Committees (SLC) and District Level 
Committees in each of the coastal districts of the State having potential for brackishwater 
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aquaculture. The AA has taken up the issue of licences for shrimp farms outside the CRZ and 
for traditional and improved traditional farms within the CRZ.  
 

There is still a strong interest in shrimp farming, despite the white spot virus. But 
those concerned await the passage of the proposed Aquaculture Authority Bill by India’s 
Parliament. This bill will encourage commercial banks to meet the working capital 
requirements, including insurance of small-scale farmers and thereby revive shrimp farming. 
Meanwhile, in view of the potentially high returns, many independent growers continue to 
farm shrimps in spite of the risks. The introduction of modern diagnostic tools such as DOT 
blot and PCR techniques to check the presence or absence of white spot virus in the shrimp 
fry prior to purchase and stocking has helped to reduce the risk. In addition, new management 
techniques are being tried. This involves the use of reservoirs, and bio-remediation through 
various micro-organisms and enzymes, probiotics and immuno-stimulants added to the feed, 
usually in combination with one another, polyculture with finfishes, adoption of secondary 
aquaculture practices for treatment of waste-water, incorporation of Environmental 
Management Plans, etc. 
 

There is no doubt that in India the present disease problem will lead shrimp farmers 
to adopt more sustainable practices. As long as the world market for shrimp remains strong, 
shrimp will continue to generate foreign exchange and provide jobs. After all, while shrimp 
account for only 35% of the marine product export by volume, they account for 71% by 
value. Thus, it is in everybody’s interest that shrimp culture practices are made 
environmentally friendly and socially acceptable so that the industry becomes sustainable. 
 
 The State-wise status and development potential for coastal aquaculture in the East 
coast of India bordering Bay of Bengal presented below is a summary of the Status reports 
presented by the Directors of Fisheries of the State Governments in an Aquaculture Authority 
of India Sponsored Expert Consultation on Development of Sustainable Shrimp Farming in 
India, held during 28th-29th August, 2002 at Chennai. 
 
Status of Shrimp Farming in Andhra Pradesh 
 

Andhra Pradesh is endowed with vast natural potential fishery resources spread over 
nine coastal districts and offers conducive and congenial tropical climate for shrimp 
production. Shrimp aquaculture is practiced in all the coastal districts. During the last decade, 
i.e., 1990’s, the State witnessed a rapid growth in shrimp aquaculture by developing about 
78,000 hectares of coastal brackishwater lands out of the identified 0.15 million hectares in 
the State. The State ranks first in coastal aquaculture production. 
 

Shrimp farming in Andhra Pradesh started in a big way around late 1980s and its 
introduction on a commercial-scale has led to the development of around 78 000 hectares of 
brackish water area under shrimp aquaculture in the State.   The contribution of shrimps 
produced through aquaculture is very significant. The following table (Table-3.56) gives the 
contributions made by cultured shrimps to total shrimp exports from India: 
 

Table 3.56. Contribution of Cultured Shrimps and Prawns to Total Shrimp Exports 
from India 

 

Total shrimp Exports Production through aquaculture 

Year Quantity 
(MT) 

Value 
(Rs in 
crore) 

Quantity 
(MT) % 

Value 
(Rs in 
crore) 

% 

1999-2000 1 10 275 3 645 54 000 48.96 2 782 76.32 
2000-2001 1 11 900 4 480 65 894 58.89 3 870 86.40 

     Source: MPEDA, 2002. 
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Culture Practices 
 

The tiger shrimp (Penaeus monodon) has been and continues to be the leading 
cultured species in Andhra Pradesh. Traditional and improved traditional culture practices are 
presently being adopted. There are around 130 hatcheries for production of P monodon seed 
in the State. The total installed capacity of these hatcheries is around 7,000 million. The status 
related to farm size and district-wise distribution of areas developed into shrimp farms is 
given in Table 3.57. 
 

Table 3.57. District – wise Details of Shrimp/ Prawn Farming 
 

S.   
No. District 

Area in 
Hectares 
< 2.0 
hect 

Area in 
Hectares 
2.0 – 5.0 
hect 

Area in 
Hectares 
> 5.0 hect 

    Total 
Production 
2000-2001 
(in M tonnes) 

Production  
2001 –02 
(in M tonnes) 

1 Srikakulam    125.74  223.81    297.74 647.29   457.52 241.80 
2 Vizianagaram        1.82      6.34      93.21 101.37    21.36 19.40 
3 Visakhapatnam      60.54   101.02  1597.58 1759.14   317.71 331.70 
4 E Godavary  4416.09 1731.48  1673.78 7 21.35 8544.44 6 000.40 
5 W Godavary  1284.09 1248.10    141.66 14373.85        11651.50 12123.00 
6 Krishna 32049.60     34.80    883.60 32 968 15446.13 15144.90 
7 Guntur  7719.05    671.23    430.97 8 821.25 4806.11 5173.50 
8 Prakasham  1212.82 591.00  3301.22 5 105.04 4946.64 4311.00 
9 Nellore    604.96 1202.84  5296.85 7 104.65 6904.02 5225.00 
 Total    59174.71 5 810.62 13716.61 78701.94        53095.43 48 620.70 

 
Infrastructure for Shrimp Health Management and Shrimp Health Services 
 

Amongst the four vital aspects of shrimp production i.e., breeding, feeding, health 
monitoring and disease control, the disease control forms the most critical/crucial part that 
need to be given utmost importance, because the losses suffered by the farmers for want of 
disease control measures is of high magnitude. In this context and to adhere to the stipulations 
of WTO as well as stringent Euro standards and those of other importing countries, there is a 
need to controlling the virulent white spot disease and other commonly occurring diseases in 
shrimp. In the absence of complete cure for this disease, adequate hygienic, sanitary and 
management measures have been taken and due importance/emphasis is given in safeguarding 
the interest of the farmers while preventing future out break of diseases. 
 
Infrastructure of Disease Diagnostic Laboratories 
 

In Andhra Pradesh there are 25 disease diagnostic laboratories with PCR testing 
facilities, out of which one unit is at State Institute of Fisheries Technology (SIFT), Kakinada, 
four units are under MPEDA, Vizag (TASPARC), Bheemavaram, Vijayawada, Nellore, and 
20 units are under private sector.  Two more laboratories are being installed by the 
Government at Vizag and Nellore/ Krishna districts. In addition, the periodical water and soil 
testing for the ponds is attended by the water and soil testing laboratories of the State 
Agriculture Department as well as Acharya N G Ranga Agriculture University.       
 
FAO Project under TCP Programme 
 

Since the health management in shrimp culture plays a significant role in good 
production yields, the Government of Andhra Pradesh has recently initiated a project on 
shrimp disease diagnosis and control under TCP programme of FAO of UN. The total outlay 
of the project is $ 336,946, which is equivalent to Rs. 16,510,354/- approximately.                        
 

The objectives of the Scheme are as follows: 
 

q Establishment of technical capacity in the State for diagnosing disease in shrimp and 
establishment of bio-security measures at farm and hatchery level to limit the spread 
of the epidemic White Spot Disease (WSD) syndrome.  
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q Raising awareness at government level regarding the need for better planning and 
management of coastal zones, leading to the establishment of maintaining systems 
and improved legislation and regulation of the sector. 

q Design and construction of special hatcheries and farms for production of disease 
free & disease resistant shrimp and to exploit the possibilities of the existing 
hatcheries to work with non-crustacean species in order to diversify their use. 

 
Post-Harvest Infrastructure  
 

Of late, the farmers are resorting to partial harvesting depending on the market 
demand of the end user (processor/ exporter). The shrimp requires proper post- harvest 
treatment and packaging to retain its quality and enhance the shelf life for longer periods. The 
farmers are not fully aware about the post- harvest management practices.   
 

Icing and pre-cooling facilities which are considered to be the most effective way of 
preserving and increasing the quality, shelf life and freshness of the product are not 
sufficiently available at all the farming areas.  The capacity of these ice plants and cold 
storages are inadequate to cater to the needs of the shrimp production from the coastal 
aquaculture sector. 
 
Economic Contribution of the Shrimp Farming Sector  
 

P.monodon is the most preferred species taken up for culture in view of its export 
value and the demand it commands at the international markets. The exports from Andhra 
Pradesh are mainly routed through the ports of Visakhapatnam and Chennai. Shrimp is the 
main item of export amongst 30 items of marine products that are exported from the State. 
There are 58 export houses from Andhra Pradesh registered with Sea Food Exporters’ 
Association dealing with the exports of shrimp produced from aquaculture sector.  Frozen 
shrimp forms the major item of export and the volume of exports of cultured shrimp produced 
from the state through the ports of Visakhapatnam and Chennai along with the value of 
exports is shown in Table 3.58.      
      

Table 3.58: Contribution of Andhra Pradesh to shrimp exports 
 

Quantity Exported 
(in tonnes) 

Value of Export 
(Rs in million) 

S. 
No. Item Port 

1999-2000 2000-2001 1999-2000 2000-2001 
1 Cultured Vizag 7 250.90 9 252.75 3 622.355 5 274.039 
  Chennai 2 914.73 3 513.67 1 377.359 2 026.728 
  Total 10 165.63 12 766.42 4 999.714 7 300.767 

 

The information provided in the above table amply brings out the economic 
importance of shrimp produced from aquaculture. The cultured shrimp’s contribution to the 
total exports is 66 55 % and 55 % by volume, which is equivalent to 76 % and 61 % by value 
during 1999-2000 and 2000-2001, respectively. 
 
Status of Shrimp Farming in Tamil Nadu 
 

In Tamil Nadu, the coastal aquaculture predominantly the shrimp farming witnessed 
unprecedented growth in early nineties across the 12 maritime districts due to the 
encouragements given by the Central/ State Governments and Marine Products Export 
Development Authority (MPEDA).  The rapid development of unregulated expansion of 
shrimp farming beset with problem of social, environmental and disease resulted in the sharp 
decline in shrimp production during the late nineties.  The declining shrimp production and 
stagnant exports called for retrospection at the level of farm, research, industry and policy.  
Under these circumstances, national level development plans for coastal aquaculture have to 
be developed with in the context of current social, economic environmental and political 
situations. 
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Resources  
 

Tamil Nadu is having the second longest coastline in the country.  The total estimated 
brackishwater area of Tamil Nadu is about 56,000 ha.  The district wise break-up details of 
brackishwater potential are given in the Table 3.58.  The total area under shrimp farming is    
4455 ha, out of which 3178 ha are creek based and 1,277 ha are sea based.  The composition 
based on the area holdings revealed that 16 % of farmers are having less than 2 ha culture 
area; 32 % are having 2 to 5 ha and 35 % are having above 5 ha of culture area.  The 
corporate sector is having only 17 % of total culture area.  The present culture area is only 30 
per cent of the estimated potential area of 14,880 ha readily available for shrimp farm 
development (Table –3.59).  Hence, there is a wide scope for land based coastal aquaculture 
development in Tamil Nadu. 
 

Table 3.59.  Brackishwater Area available and suitable for coastal aquaculture 
in Tamil Nadu 

 

S No Districts Brackishwater 
Area (ha) 

Potential area 
readily available in 

ha 
1 Chennai 240 --- 
2 Thiruvallur 14,660 2,662 
3 Kancheepuram --- --- 
4 Villupuram 8,100 2,703 
5 Cuddalore --- --- 
6 Nagapattinam  6,300 
7 Thiruvarur 31,400  
8 Thanjavur --- --- 
9 Pudukottai --- 247 

10 Ramanathapuram 900 1,385 
11 Tuticorin 400 1,565 
12 Thirunelveli --- --- 
13 Kanyakumari 300 18 

 Total 56,000 14,880 
 
Brackishwater Fish Farmers Development Agency 
 

Considering the potential available for coastal aquaculture development, the 
Government of India during the Seventh Five Year Plan period introduced establishment of 
Brackishwater Fish Farmers Development Agencies (BFDAs) for providing a package of 
technical, financial and extension support to the shrimp aquaculturists; strengthening the 
technical wing in the State Fisheries Directorate; establishing demonstration-cum-training 
centre and establishment of brackishwater shrimp farms and hatcheries in the Government 
sector under the centrally sponsored scheme. 
 

The Government of Tamil Nadu established five BFDAs (Cuddalore, Pattukottai, 
Thoothukudi, Vanianchavadi and Ramanathapuram Districts) between 1991 and 1993 to look 
after the shrimp culture development of the 12 coastal districts. Apart from that, one shrimp 
hatchery was established at Neelankarai.  For the purpose of demonstration-cum-training, the 
Government of Tamil Nadu established model shrimp farms in ten locations. (Pulicat, 
Vanianchavadi, Parangipettai, Thondiakkadu, Eripurakkarai, Kattumavadi, Keezhavaipar, 
Kannamunai and Punnakayal).  Between the years 1991 to 1996 about 1,100 ha were brought 
under shrimp farming benefiting 542 persons.   
 
Semi-intensive/ Intensive culture 
 

The untiring efforts of the Government have developed the shrimp farming from the 
stage of century old subsistence oriented activity to that of an industry.  The high profitability 
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of shrimp farming coupled with liberalized policy of the Government, lured many 
entrepreneurs to import technology of semi-intensive and intensive farming systems in Tamil 
Nadu.  It is reported that adopting intensive farming technique lead to the peak production of 
16-17 tonnes/ ha/ annum in a private firm near Thoothukudi.  The rapid development in 
shrimp farming made the entrepreneurs to bring imported technology for hatchery production 
of shrimp seeds and feed mill units. 
 
Infrastructure 
 
Shrimp hatchery 
 

In Tamil Nadu there are 73 shrimp hatcheries with a production capacity of 3000 
million-post larvae.  These hatcheries cater to the need of shrimp farms of other states like 
Andhra Pradesh, West Bengal, Goa, Maharashtra, Gujarat, etc.  Because of the high quality of 
nauplii derived from the wild brooders collected at Pazhayar, the hatcheries in other parts of 
the country are also air lifting the required nauplii from Tamil Nadu.     
 
Shrimp feed 
 

There are two feed mills with a production capacity of 700 m.t. with foreign tie-up. 
 
Ice plants and processing plants 
 

To support both the local and export markets, there are 29 ice plants, 43 processing 
plants and 89 cold storages established both in the Government and private sector. The details 
are given in the Table-3.60. 
 

Table 3.60. Infrastructure available in Tamil Nadu for processing cultured shrimp 
 

S. 
No. Particulars Nos Capacity Day 

 (in tonnes) 
1 Freezing Plants 

(Processing Plants) 
i. Government 
ii. Private 

 
 

2 
41 

 
 

48 500  
586.250  

2 Ice Plants 
i. Government 
ii. Private 

 
--- 
29 

 
--- 

48 600 
3 Cold Storage, Walk in Cooler 

i. Government 
ii. Private 

 
2 

87 

 
1 70 000  
8 875.00 

4 Sea Food Manufacturing 
Exporter 

75 -- 

5 Sea Food Merchant Exporters 268 -- 
 
Port facilities 
 

The ports at Chennai and Thoothukudi play a major role in marine products export.  
During the year 2001-2002 a record quantity of 41,517 tonnes valued at Rs. 1570.13 crore 
and 16,966 tonnes valued at Rs. 446.27 crore was exported through Chennai port and 
Thoothukudi port, respectively.  Among the marine products, shrimps contributed the 
maximum of 74 %. 
 
Fish Health Management 
 

Due to the efforts of MPEDA, in Tamil Nadu there are 8 PCR laboratories in the 
private sector.  The Central Institutions and Universities also have the PCR facility, which 
supports the farmers for disease investigation. 
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Land leasing policy 
 

During the year 1992, the Government of Tamil Nadu introduced leasing of 
Government lands in brackishwater areas for prawn farming to private entrepreneurs.  The 
leasing of Government land to private parties has evoked very hostile reaction among the 
local people.  As per the government policy 60 per cent of the Government land is to be 
reserved for small-scale sector aquaculture industry including priority category.  There lies a 
paradoxical situation i.e. those entitled for leasing of land will not be able to raise bank loan 
to carry out capital works even for scientific extensive culture system.  For these complex 
socio-economic reasons the leasing of Government lands has been dispensed with.   
 
Encroachment of Government poromboke land 
 

Most of the shrimp farms in the coastal districts have been established on private land 
or on encroached Government lands or on a combination of two. Out of the total area 
developed under shrimp farming about 465 farms covering an area of 677.52 ha have been 
established either under government poromboke lands or the lands being utilized for common 
purposes by the local community.  This unregulated shrimp farm development provoked 
conflict among the resource users. 
 
Aquaculture Act 
 

The Government of Tamil Nadu enacted an Act called Tamil Nadu Aquaculture 
(Regulation) Act, 1995 to regulate the unregulated development of coastal aquaculture.  
Subsequent to the direction of Apex court in a case related to shrimp farming development in 
the coastal areas, the Tamil Nadu Aquaculture (Regulation) Act, 1995 become null and void, 
as the national level authority has been constituted to regulate the shrimp aquafarms of the 
country. 
 
Financial support 
 

To make aquaculture more productive, farmers need adequate timely financial 
support along with crop insurance and other supporting services.  In Tamil Nadu NABARD 
was instrumental in financing the brackishwater fisheries activities prior to 1995. The social/ 
disease problems faced by shrimp farming and the Supreme Court judgment to ban 
aquaculture in the CRZ and slow pace of regulatory measure made the financial institutions to 
reduce their scale of operation in recent years.  It is reported that no refinance was disbursed 
to banks in Tamil Nadu by NABARD under the sub-sector brackishwater fisheries during the 
last five years due to lack of awareness among banks about regulations with regard to 
brackishwater activities. Permitted activities, licensing system and over-dues made reluctance 
by banks in financing this sector. 

 
Regulation of shrimp farming 
 

 In response to a public interest petition from Tamil Nadu the Hon’ble Supreme Court 
of India in 1996 directed to close down all the shrimp farms in the CRZ and to constitute an 
authority to regulate aquaculture based on “Precautionary Principle” and “Polluter Pays 
Principle” and approvals from Aquaculture Authority was made mandatory for establishing 
aquaculture farms.  In Tamil Nadu there are 1,703 shrimp aquafarms established across the 12 
maritime districts.  The applications received from the shrimp farmers are scrutinized by the 
District Level Committees (DLCs)/ State Level Committee (SLC) and the Aquaculture 
Authority issues approvals based on the recommendation of the SLC.   
 
Diversification of shrimp farming 
 

Aquaculture in India has remained synonymous to shrimp culture in brackishwater.  
Due to the outbreak of shrimp disease, the farmers were at crossroads without having any 
alternative technology for other marine finfish species.  The Government of Tamil Nadu 
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during 1998-99 initiated a pilot cum demonstration project on grouper culture at Punnakkayal.  
The wild seeds collected from the Gulf of Mannar region are stocked in the pond.  A 
production of 1,020 Kg/ ha/ ten months was achieved with an average weight of 600 gm.  
Lack of perfected technology for breeding and rearing of groupers and the lack of bulk 
quantum for export are the two major constraints in the development of marine finfish 
farming.  Trials are on progress to perfect the farming technology of groupers, sea bass and 
milkfish. 
 
Fisheries Development Mission 
 

In Tamil Nadu the vast potential available in marine and inland fisheries including 
aquaculture is yet to be optimally exploited for augmenting fish production.  Under the 
mission programme, it is proposed to develop about 1 000 ha of coastal saline land every year 
for aquaculture purposes for the next five years of mission period utilizing low intensive 
traditional and improved traditional shrimp farming practices. 
 
Status of Shrimp Farming in Pondicherry 
 

The Union Territory of Pondicherry has only 45 km of total coastal length in a 
discontinuous distribution, with limited brackishwater resources. Due to spatial constraints 
fishermen have adopted a short-term strategies to meet the basic family needs.    
 

Macro Level survey conducted to identify the potential brackishwater resources in 
Pondicherry revealed that about 125 ha in Pondicherry, 745 ha in Karaikal and 339 ha in 
Yanam regions are suitable for aquaculture. A total of 98.06 ha/ 6.80 ha (Private/ 
Government) brackishwater land has been developed in this Union Territory for shrimp 
farming in the recent past. The Government of Pondicherry under the Centrally Sponsored 
Scheme (CSS) has developed a 4 ha brackishwater farm at Karukalacherry, Karaikal and 
licensed to Rajiv Gandhi Centre for Aquaculture, Mayiladuthurai, for sea bass culture 
technology and demonstration to the farmers/ entrepreneurs.  Another 40 ha land developed 
under the CSS in Iskithippa Island, Yanam has been licensed to the three Fishermen 
Cooperative Societies of Yanam region for shrimp farming.  Generally, improved traditional 
culture of Peneaus monodon and Penaeus indicus is practiced by the private entrepreneurs.  
No ground water is drawn for this purpose. The farm size ranges from 0.5 ha to about 13 ha, 
respectively.   
 

Harvest of the shrimp ranges from 100 kg to 134 kg per ha per year as traditional and 
improved traditional methods are adopted.  The harvest is being disposed off by the private 
entrepreneurs in the shrimp farm itself.  The labour employed for the farm activities ranges 
from 5 to 9 employees in each farm.  The socio-economic conditions of the nearby inhabitants 
are enhanced by providing drinking water facilities, inter-connecting road facilities, 
employment opportunities, etc. No adverse impact has been reported by the aquaculturists. 
Environment Impact Assessment study has been conducted by the Central Marine Fisheries 
Research Institute (CMFRI), Kochi, in Karaikal region and has reported no adverse impacts. 
 

On the directions of Government of India, Government of Pondicherry has also 
constituted one District Level Committee/ State Level Committee under the Chairmanship of 
the Collector and Secretary (Fisheries) respectively to regulate the aquaculture projects/ 
shrimp culture in the Union Territory of Pondicherry.  The Director of Fisheries is the 
Member Secretary to the District Level Committee and State Level Committee and the 
Department of Fisheries and Fishermen Welfare is the Nodal Department. 
 

Since both the District Level Committee and State Level Committees are functioning 
in Pondicherry, 3 Regional Committees in Karaikal and Yanam, and Pondicherry region 
headed by the respective Regional Executive Officers and Additional District Magistrate, and 
one State Level Committee headed by the Secretary (Fishery), have been constituted. 
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The policy undertaken for developing brackishwater aquaculture is by way of 
extending Government support to the aquaculturists.  The farms, which have obtained the 
approval of the Aquaculture Authority, are being inspected periodically by the Officials of the 
Fisheries Department of Pondicherry. As and when diseases are reported in the course of 
shrimp farming, the experts are invited from institutions such as CMFRI and MPEDA and 
their assistance is sought for treatment. 
 

To improve the present scenario and achieve speedier growth in brackishwater 
aquaculture, setting up of a Brackishwater Fish Farmers’ Development Agency has been 
contemplated. 
 
Status & Development Potential for Coastal Aquaculture in Orissa 
 

The State of Orissa has unique hydro-topographic and climatic factors suitable for 
shrimp farming from traditional to extensive culture point of view. The Brackishwater 
fisheries resources of the State are confined to seven districts and accordingly seven of 
Brackishwater Fish Farmers Development Agencies (BFDAs) were established in Balasore, 
Bhadrak, Kendrapara, Jagatsinghpur, Puri, Khurda and Ganjam. Brackishwater resources 
suitable for shrimp farming are the extensive plain brackishwater lands, swampy areas in 
Mahanadi, Dhamara and other estuaries of the State and large number of brackishwater 
impoundments and low lying saline areas located at the inter-tidal zones. 
 

For sustainable shrimp culture development, it has become imperative for the farmers 
to maintain a clean and pollution free environment in and around the shrimp farms not only to 
reduce disease occurrence but also to reduce the cost of production by enhancing the 
management efficiency and producing healthy shrimps. 
 

The assistance rendered by the State Government for Brackishwater Aquaculture 
through BFDAs is as follows: 
 
v Identification of beneficiaries for brackishwater shrimp farming. 
v To settle lease of brackishwater Government land in favour of identified shrimp farmers 

in conformity with the State Government’s leasing policy. 
v To arrange bank loan for the shrimp farmers. 
v To supervise the construction works of ponds/ tanks by rendering technical guidance to 

the beneficiaries. 
v Release of incentive to the beneficiaries in the shape of subsidy for development of 

brackishwater aquaculture against institutional finance as well as own source of finance. 
v Development of human resource by imparting training to the farmers in shrimp culture. 
v Implementation of guidelines of Aquaculture Authority for sustainable aquaculture. 
v Motivation of aquaculturists for registration and license thereby bringing all the 

aquaculturists under the umbrella of Aquaculture Authority facilitating the safeguard of 
interest of farmers, eco-fragile coastal zone and the nation as a whole. 

v Generation of additional employment opportunities to rural poor/ educated unemployed 
by productive utilisation of natural unutilized resources like fallow lands unsustainable 
for agriculture and salinated water. 

v Augmentation of foreign exchange by adopting biotechnology in shrimp culture within a 
very short span of time. 

 
Brackishwater Resources Surveyed and Developed 
 
 The district-wise brackishwater resources available as per inventory survey conducted 
by the technical personnel of the State Fisheries Department in the year 1992 and the area 
developed till end of March 2002 are as follows (Table-3.61). 
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Table 3.61. Brackishwater resource potential in Orissa 
 

S No BFDA Districts Area Surveyed 
(in ha) 

Area found 
suitable (ha) 

Area developed 
till 3/2002 (ha) 

1 Balasore 4 134.70 3 432.54 858.15 
2 Bhadrak 3 812.42 3 385.14 683.50 
3 Kendrapara 4 510.31 4 223.23 1 826.30 
4 Jagatsinghpur 5 459.10 4 351.45 2 654.01 
5 Puri 11 562.12 10 504.18 4 620.91 
6 Khurda 5 033.19 3 580.14 634.73 
7 Ganjam 4 063.04 3 110.17 1 550.55 
 Total 38 574.88 32  586.85 12 828.15 

 
 
The area developed so far under different categories of shrimp culture practices, is 

given in the Table – 3.62 below: 
 

Table 3.62.  Area developed under different systems of shrimp farming in Orissa 
 

 
Types of Culture Mode 

Area 
developed (in 

ha) 
A Extensive culture i)   Confined pond 2 690.45 
  ii) Tide fed pond 1 790.30 
  Iii) Ghery culture 7 337.50 
   11 818.25 
B Modified 

extensive 
- 1009.80 

  Total 12 828.05 
 
 It can be seen that the extensive culture practices against the total developed area 
comes to about 92.13 %, of which 20.97 % area is under confined pond culture. Tide fed pond 
and Ghery culture comes to 13.96 % and 57.20 %, respectively. The modified extensive pond 
comes to 2.90 % where as semi-intensive culture area comes to 4.97 % of the total. 
 

In so far as the development of brackishwater area is concerned, it started from 23.51 
ha in 1983-84 and went on in an increasing trend till 1991-92. Subsequently, there was a 
declining trend in the area development till 1996-97 when it came down to 205.24 ha.  The 
above decreasing trend was due to imposition of CRZ Act and the decision taken by the 
Hon’ble Supreme Court of India. 
 
Shrimp Production 
 

The shrimp production, which was 12.04 m.t in the early 1980s showed an increasing 
trend reaching a level of 6957.33 m.t in the year 1995-96.  This increasing trend can be 
attributed to response of the farmers and entrepreneurs with improved culture practices i.e. 
from extensive to modified extensive culture system to some extent. 
 
Prawn Seed Hatchery 
 
 There are 11 shrimp seed hatcheries operating in Orissa, of which 3 are in 
Government sector and the remaining 8 hatcheries have been established in the private sector.  
The total production capacity of the hatcheries is 317.50 million post-larvae. The total 
requirement of shrimp seed in the State is estimated at about 1000 million.  Therefore, it is 
proposed to construct more shrimp hatcheries in the Private Sector involving bank finance. 
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Establishment of PCR Laboratory 
 

To diagnose the prawn disease, especially white spot disease, two PCR labs were set 
up at Chandrabhaga hatchery and another one at the Jagatjore – Banapada shrimp culture 
project site. 
 
Training 
 

 Both short-term and long-term training is imparted for a period of 15 days by the 
concerned BFDA and for a period of two months at the Brackishwater Training Center 
located at Paradeep.  More than 4035 farmers have so far been trained under this programme 
in brackishwater shrimp farming. 
 
Aquaculture Authority  
 
 In pursuance of the direction of the Hon’ble Supreme Court, the Government of India 
has constituted the Aquaculture Authority with its headquarters at Chennai in order to 
regulate shrimp farming in the country.  Further the Hon’ble Supreme Court also directed that 
all the shrimp culture units already existed or to be newly constructed should require 
permission/ approval from the Aquaculture Authority prior to culture practices.  As such, it is 
mandatory on the parts of shrimp culturists to apply for permission in the prescribed form 
prescribed by Aquaculture Authority. Accordingly, the State Government has also constituted 
the State Level Committee (SLC) and District Level Committees in each of the seven 
brackishwater districts of the State. 
 
 State Government is restricting the proliferation of aquaculture (shrimp) ponds in the 
coastal area. Shrimp farmers practicing traditional and improved traditional systems of shrimp 
farming are encouraged to adopt improved technology for increasing production as per the 
guidelines of the Aquaculture Authority of India. In this regard the local inhabitants are 
advised to follow the Coastal Regulation Zone norms. 
 
Status and Development Potential of Coastal Aquaculture in West Bengal 
 
 West Bengal is endowed with the highly potential resources for brackishwater 
aquaculture (27 per cent of the country’s potential) among all the maritime States. The 
estimated brackishwater area in West Bengal is 0.405 million ha, of which the potential 
culturable area is estimated at about 0.21 m ha and about 47,000 ha of this water spread area 
has been brought under brackishwater farming. 
 

Except for 4678 ha under improved traditional shrimp farming, the remaining area 
falls in the category of traditional type with trap and culture, locally known as bheries.  
According to the estimates provided by the government of West Bengal, 18,479 ha of the total 
areas was in farm holding of less than 2.0 ha; 4 237 ha under 2.0 – 5.0 ha and the remaining 
25 728 ha in farms are creek – based and are located within the Coastal Regulation Zone. 
 

Because of the extensive saline soil-water resources, human resource, favourable 
agro-climatic conditions, productive estuarine ecosystem including the Sundarbans and also 
abundance of shrimp and other brackishwater finfish seed resources brackishwater 
aquaculture activity is very popular in the State. 
 

Based on the management practices, traditional, improved traditional/ extensive 
methods of culture systems are in vogue in the State.  The traditional shrimp farming 
practices are also commonly known as “Bhasa Badha” fishery. 
 
 In West Bengal about 80 per cent of the fisheries belong to the traditional type of 
farming where large areas are enclosed and tidal water is allowed to enter along with the 
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natural seed of shrimp and fish.  No supplementary feed is given.  After a considerable period, 
the fishes and shrimps are harvested.  The average productivity of such systems lies between 
500 kg and 900 kg/ ha/ year, of which about 30 per cent is constituted by prawns / shrimps 
and 70 per cent by mullets.  These fisheries are mainly located in the districts of North 24 – 
Parganas; south 24 – Parganas and Midnapore.  With the advent of scientific farming in the 
early eighties, the traditional farmers have also resorted to selective stocking with 
improvement in production levels.   
 

The extensive farming is commonly known as improved traditional farming in the 
State.  This system involves construction of peripheral canals/ ponds of size ranging from 1- 5 
ha.  Shrimp seed at the rate of 15,000 – 20,000 / ha are stocked.  Water management is done 
by tidal effect.  The average yield is 1,500 – 1,700 kg/ha, including mullets. 
 

Though shrimp farming was in vogue in West Bengal much before it started in other 
States, the development has been slow as compared to other States.  Presently, the average 
production from the State is about 436 kg/ha.   
 
Availability of hatchery West Bengal. 
 

In West Bengal wild shrimp seed collection by the coastal community is a major 
socio-economic activity through which is about 540 million/year tiger shrimp seed are 
collected. The Central Institute of Brackishwater Aquaculture (CIBA) has estimated 
that for an average collection of 6.5 gm shrimp seed, more than 3000 gm of finfish and 
4400 gm of shellfish seeds consisting of 50 different species are destroyed per net per 
day. 
 

Although harvesting of wild seed is banned by the State Government, some 
collections in remote estuarine areas of the State still continue.  To meet the growing 
demand of the shrimp farms, there is an urgent need to set up shrimp hatcheries and facilities 
for testing of the seed in the State. 
 

To develop new areas existing areas for shrimp farming, Brackishwater Fish Farmers 
Development Agencies (BFDAs) have been operating in the coastal districts of Midnapore, 
North and south 24 – Parganas.  Up to 2001 – 2002, an area of 4236 ha has been developed 
under this programme.  Shrimp farmers under BFDAs have adopted improved traditional 
methods of culture so that no environmental hazards are posed.  In most of the farms, shrimps 
along with other brackishwater fish species are being cultured.   
 

In accordance with the guidelines of the Aquaculture Authority of the Government of 
India, State Level Committee and District Level Committees have been constituted for the 
purpose of ensuring and processing of applications of shrimp farmers and recommending 
them to the Aquaculture Authority for approval. 
 

The provisions of the Coastal Regulation Zone rules are being strictly observed in the 
State. Shrimp farming in the coastal area is being done only in accordance with the 
recommendation of Aquaculture Committee of the Districts- and State-level Aquaculture 
Committee and finally with the sanction of the Aquaculture Authority of India. So all 
environmental hazards likely to result from irresponsible aquaculture in the Coastal 
Regulation Zone are being minimized or eliminated. 
 

With an aim to increase production of farmed shrimps in the State, an Integrated 
Brackishwater Aquaculture Development Project with the assistance of National Cooperative 
Development Corporation (NCDC) is being implemented by the “Benfish” at Nayachar Island 
(Meendwip) in North Midnapore district.  Under this project, 175 ha area has been developed.  
Moreover, 452 ha water areas has been developed under the World Bank aided Shrimp 
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Culture Project in Canning and Dighirpar of South 24- Parganas and Digha and 
Dadanpatrabar of North Midnapore districts. 
 

As a diversified programme, Mud crab culture and fattening in selected areas has 
been taken up to explore its potential.  For ensuring sustainable development in brackishwater 
fisheries in an eco-friendly manner, West Bengal Fish Producers’ Licensing Order, 1994 has 
also been promulgated in the State. 
 
Status of Shrimp farming in Andaman and Nicobar Islands 
 
 The Islands have about 33 000 ha of brackishwater area.  Based on the guidelines of 
the Government of India for sustainable development and management of brackishwater 
aquaculture, about 619 ha of brackishwater area are found suitable for shrimp farming, of 
which 239 ha are Government land and 380 ha are private land.  A major part of the area 
identified fall within 200 m from the shoreline and most of them are low yielding paddy 
fields.  To develop brackishwater aquaculture in the islands, a Brackishwater Fish Farmers 
Development Agency (BFDA) was established at Port Blair during 1995.  In order to lease 
out the revenue land to private parties for taking up shrimp culture, the Andaman and Nicobar 
Administration also framed the Andaman and Nicobar Islands Allotment of Brackishwater 
Area for Coastal Aquaculture Rules, 1989. 
 
 A demonstration shrimp-farming agency viz., Andaman and Nicobar Shrimp Farming 
Research & Development Agency (ANSFDA) was established in the islands by MPEDA with 
the financial assistance of Department of Ocean Development to develop a suitable 
technology for shrimp farming in the islands, particularly in acid sulphate soils and to 
demonstrate and popularize shrimp farming in the islands.  The agency carried out 
demonstration culture in 8 ponds in an area of over 10 ha at Dollygunj.  The project was 
subsequently closed in view of Hon’ble Supreme court Judgment dated 11 December 1996 
and the site handed over to the Department of Ocean Development. 
 

Other than the project undertaken by ANSFDA so far there is no other shrimp 
farming activity either in Government or private sector in the islands.  The scope of 
brackishwater shrimp farming in the islands is very limited as the area identified, 
 

v falls within 200 metre from the HTL which is classified as no development 
zone in the existing CRZ Notification; 

v are mangrove reserved areas; 
v are infested with Acid Sulphate Soil. 

 
Non-availability of shrimp seed, lack of proper transportation/ marketing network, etc 

are acting as deterrents for popularizing shrimp farming as a major activity in the islands. 
 

Considering the limited scope for shrimp farming, it is proposed to implement various 
programmes of FFDA and mariculture activities under BFDAs for promoting brackishwater, 
coastal mariculture on scientific lines.  
 

One of the areas where the islands offer a good scope for promotion of shrimp 
farming is establishment of Nauplii production centre/ shrimp hatchery in the islands for 
meeting the shrimp seed requirement of mainland shrimp farms.  A&N islands have potential 
ground for collection of disease-free live mother shrimp of P. monodon.  At present the 
Central Agriculture Research Institute (CARI), Port Blair is implementing a project wherein 
shrimp Nauplii are produced in the Nauplii production centre, Marine Hill and transported to 
mainland on a joint venture project to study growth and mortality of shrimp seed. CARI has 
produced over 95 million one- day old shrimp nauplii and transported to mainland during 
1988-2001.  
 



 126

A study was also conducted by a team headed by Dr. Somvanshi to assess the 
feasibility of establishing a shrimp brood stock bank and nauplii production centre in the 
island by MPEDA with funding from DBT.  Based on his recommendations the Andaman and 
Nicobar Administration have agreed in principle for the establishment of the project.  Suitable 
land has also been identified for the project, which is in the process of allotment.  The project 
would have nauplii production capacity of 50 million, which would be transported to 
mainland hatcheries.  The project also envisages production of 5 million of PL 20 for meeting 
the local shrimp seed requirement. 
 

Apart from the project of MPEDA a number of private companies have also 
approached the Administration for permission to establish shrimp nauplii production centre in 
the island.  The Administration is contemplating to grant permission to some of the firms 
taking into consideration the recommendation of the Dr. Somvanshi report, recent 
exploitation level of shrimp and various other environmental factors. 

 
Issues/ Constraints and Outlook for coastal aquaculture in India 
 

In India, the impact of aquaculture has already constrained the pace of developments 
in the coastal zones.  Hence, there is a need to take stock of the issues/constraints related to 
Technical, Environmental, Social and Financial aspects and suggest requirement to overcome 
the situation within the legal and administrative framework for coastal aquaculture 
development. The issues/ constraints and outlook for the development of shrimp farming are 
tabulated below (Table-3.63): 
 

Table 3.63: Constraints in shrimp farming 
 

S. No Issues/ Constraints Outlook 
Technical 

1 Coastal aquaculture has remained synonymous 
to shrimp culture alone.  Diversification to 
farming of other commercially important fin 
fishes like sea bass, mullets, groupers, milk 
fish, crustaceans like lobsters, mud crab is 
needed to broader the base of coastal 
aquaculture.  

Efforts to perfect the technology to promote 
farming of multi-species for coastal 
aquaculture development are required. 

2 The dependence of natural resource for shrimp 
brood stock, by the hatcheries coupled with 
targeted fishing for shrimps may lead to over 
exploitation in the inshore region.  

Efforts to be taken for captive shrimp brood 
stock development. National level plan for 
stock enhancement of threatened species in 
the inshore water should be taken.  

3 In the recent past, the dreaded whit spot 
disease in shrimps created havoc in farming 
operations.  No field level treatment is 
available.  There is a wide gap existing in 
diagnosis and treatment of shrimp diseases 

The package of practices for effective disease 
diagnosis and treatment at the field level is 
required.  Infrastructure facilities like lab with 
PCR facilities to investigate disease and to 
develop treatment methods to be established 
at vantage points in every coastal state. 

4 The import of exotic species through 
clandestine way claimed the recent collapse of 
shrimp farming activities. Illegal import of 
shrimp seeds, breeders may introduce 
pathogens hither to unknown in India.  

Enforcement of quarantine measures on 
shrimp seed is required to ensure that the 
imported material is neither infected nor 
unwanted.  

5 The success of shrimp farming depends on the 
stocking of quality seeds.  Though there are 
number of laboratories available in private to 
investigate fish/ shrimp diseases, the farmers 
are reluctant about the quality of seeds in the 
absence of certification by an authorized 
Government body. 

To benefit the farmers, seed certification by 
the Government agencies may be introduced. 
 



 127

S. No Issues/ Constraints Outlook 
Environmental 

6 Adoption of semi-intensive and intensive 
shrimp farming leads to increasing incidence 
of disease and threat to sustainability.  

Regulation to adopt sustainable, eco- friendly 
shrimp farming practices is required. 

7 Commercial practice of shrimp farming 
practices leads to conflict in resource 
utilization and after cause damage to 
environment in term of salination of ground 
water, conversion of Agriculture lands and salt 
pans. 

Delineation of aquaculture zones by 
conducting research in a multidisciplinary 
mode is required to avoid multi-uses conflict 
in resource utilization. 

Social 
8 Indiscriminate conversion of agriculture lands, 

displacement of agriculture labourers 
salination of groundwater, flooding of adjacent 
agriculture lands during monsoon season, 
obstruction of access to villages and vocational 
places are some of the social issues connected 
with shrimp farm development. 

These problems arose primarily due to 
unscientific and unregulated development of 
shrimp farming.  Delineation of aquaculture 
zones considering the local environmental and 
social issues may resolve such problems.  
Farms should be constructed leaving 
sufficient buffers in between proper drainage 
to avoid flooding of low-lying areas during 
the monsoon season. 

Policy and Management 
9 Mariculture is not appropriately developed 

though it has vast potential for development. 
Leasing of selected suitable coastal water 
bodies for sea farming may be taken up at 
policy level. 

10 Most of the land suitable for shrimp culture is 
wasteland belonging to village community or 
revenue department of the government.  This 
wasteland can be made productive by leasing 
them to private sector. 

The saline affected coastal lands unsuitable 
for any other purposes may be delineated and 
leased to private sector by formulating 
common leasing policy through out the 
country. 

11 For the purpose of concession in water, 
electricity supply, payment of income tax, 
credit flow, the aquaculture is to be treated on 
par with other industries. 

Aquaculture to be treated at par with 
agriculture. 

12 As shrimp farming and hatchery and are 
highly capital intensive, the farmers / 
entrepreneurs are facing hard ship in obtaining 
finance. 

 Efforts should be initiated from the 
Government for leniency in the norms of 
financing the sector. 

13 The complexity in the procedure delays the 
processing of the shrimp aquafarm 
applications seeking approval, which in turn 
lead to hardship to the farmers in availing the 
credit facilities from the financial institutions. 

The procedure of procuring of applications of 
shrimp aqua farms seeking approval needs 
simplified. 

14 As the DLC and SLC of Aquaculture 
Authority are only recommendatory bodies 
without any statutory powers, action could not 
be initiated against the violating shrimp aqua 
farms immediately. 

Decentralization of statutory powers is 
essential for the DLC / SLC for effective 
monitoring and implementing the guidelines 
of Aquaculture Authority to regulate the 
shrimp aqua farms. 

 
Over the past one decade the coastal aquaculture environment has experienced great 

deal of change.  The issues/ constraints surfaced should be tactfully managed with in the laws 
and regulations governing the environment and aquaculture.  The future aquaculture 
development will be highly dependent upon the success of technology development 
under the ambit of the economic, social and political environment. 
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3.5 Potential for coastal aquaculture/Mariculture 
 

 Sea farming or mariculture is relatively new to India. Although certain age-old 
practices of traditional farming of fish and shrimp in saline coastal areas are being followed 
even today, commercial farming of finfishes is yet to become a viable industry.  This is 
mainly because of the absence of proven technology for production and culture of these 
species on commercial scale.   
 

In view of the limitations in the capture fisheries, the mariculture is considered as a 
viable alternative for augmenting the seafood production. Taking into consideration the 
technological development in this field and the considerable gap that exists between the 
mariculture technology and its ecological soundness and economic viability, there is a need 
for upgrading the R&D base in mariculture.  For achieving this objective, pilot projects in 
mariculture should be set up to address many of the research and development issues in 
at least three commercially important indigenous species (lobster, mud crab and sea 
bass). The CMFRI at Mandapam has already some basic infrastructure facilities including 
about 50 hectare of land.  The other major attraction at this site is easy access for clean and 
copious sea water both from the Gulf of Mannar as well as Pak Bay for year round operation.  
However, additional infrastructure facilities both land based and sea based; human resources; 
expertise and equipment will be needed.   In order to support and take up specific programme 
of work, it may also be necessary to create / upgrade facilities at one or two most suitable 
places including A & N Islands and Orissa for taking up location specific programmes such as 
sea bass farming and mud crab farming/fattening, respectively.  To supplement the 
indigenous R & D efforts, expertise from a country having adequate experience in the field of 
lobster and sea bass culture, could be sought.  Once the technology for mariculture of the 
aforesaid two species, which have good export potential is developed and standardised, it 
could be disseminated for industrial and societal application. 
 
 Marine Ornamental Fish culture and its export potential in India has so far 
remained unexploited.  India is one of the leading countries having a wide spectrum of 
indigenous colourful fishes around Andaman & Nicobar Islands, Lakshadweep and the reefs 
of Gulf of Mannar off Tamil Nadu.    It is estimated that more than 100 species of ornamental 
fishes of high value occur in these waters, which are virgin grounds for culturing them on 
commercial basis.   
 
 With a view to protecting the coral reef beds and restricting the natural collection of 
ornamental fishes which are detrimental to the ecology of corals of the Island groups, a 
concerted programme for breeding and rearing of selected varieties of commercially imported 
species, is called for.  A & N Islands, and Gulf of Mannar are the most suitable places for 
culturing these marine ornamental fishes on commercial scale and hence could be considered 
for locating the facilities.   
 
 Sea weeds belonging to four groups namely green, brown, red and blue-green algae 
are one among the commercially important marine living resources of the country.  Above 
700 species of marine algae have been recorded from different parts of the Indian coast 
including Gulf of Mannar, Andaman & Nicobar Islands and Lakshadweep, and Gulf of 
Kuchchh in Gujarat, of which nearly 60 species are commercially important.  Extensive 
surveys have been conducted by CMFRI, CSMCRI, NIO etc., to estimate the qualitative and 
quantitative composition of this renewable resource in the Indian waters.  It is estimated that 
the total standing crop of all the seaweeds in the Indian waters is more than 1 lakh tonnes, 
consisting of 6,000 tonnes of agar yielding sea weeds, 16,000 tonnes of algin yielding 
seaweeds and the remaining quantity of edible and other seaweeds. 
 
 The seaweeds contain more than 60 trace elements, minerals, protein, iodine, 
bromine, vitamins and several bio-active substances.  Various technologies have already been 
developed for extraction of chemicals such as agar, agaroids and algin from seaweeds. 
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 Although various technologies have been developed within the country for the culture 
of commercially important seaweed species, still there is ample scope for perfection and 
upgradation of technologies for commercial production, particularly in the Gulf of Mannar, 
Palk Bay, and Andaman & Nicobar Islands.  Viable technology is available for the extraction 
of agar and algin for industrial production.  However, commercial scale production units for 
demonstration and training are a priority requirement in this sector.  All these activities will 
help in augmenting the supply of the raw materials for seaweed industry, in providing 
employment to coastal population and thereby increasing their income and socio-economic 
upliftment. About a year back, the PEPSICO in technical collaboration with CSMCRI has 
taken up a pilot technology demonstration pilot project for culture of Eucheama in the 
Palk Bay involving the local fishermen/fisherwomen, which has yielded encouraging 
results.  
 

The future programmes in the field of coastal aquaculture/mariculture should 
give priority for development of viable technologies for commercial and industrial 
application, undertaking pilot programmes for the same by creating appropriate 
infrastructure facilities starting from breeding, culture, processing to marketing.  
Priorities should be given for culture and propagation of cultivable marine organisms 
such as sea bass, groupers, sea breams, polynemids, snappers, siganids, dolphin fish and 
pomfrets; edible oysters, pearl oysters, abalone, mussels, clams including giant clams, 
cockles, lobsters, mud crabs, blue crab and swimming crab among the shellfish species. 

 
The goal of research and technology development of mariculture should be to 

develop ecologically sound package of practices which would make it possible to achieve 
higher sustainable yields from marine resources.  This package should include processes 
for captive breeding, culture, processing and marketing. 
 
   



 130

4. Threats to Coastal & Marine Environment and its Living  
     Resources 

 
Among the various threats to the coastal and marine environment in the east 

coast states of India bordering the Bay of Bengal the following in order of priority are the 
major areas of concern for the health of the environment and sustenance of their living 
resources:   

 

Ø Land-based sources of Pollution – disposal of untreated domestic, industrial and 
agricultural wastes, etc. Urbanisation and industrial development linked to this 
issue, 
 

Ø Degradation of the coastal critical habitats such as mangroves, coral reef beds, 
wetland/lagoonal ecosystems, turtle nesting grounds, areas of rich biodiversity, 
leading to loss of biodiversity, 
 

Ø Un-sustainable exploitation of the coastal marine living resources, by adopting 
illegal, unregulated and unreported destructive and unsustainable fishing 
practices, 

 

Ø Closure of bar-mouth connecting the estuaries/riverine systems with the Bay, 
resulting in poor larval recruitment and consequent depletion of the marine 
resources, necessitating integration of the river basin management with coastal 
zone management, 
 

Ø Socio-economic pressures/considerations coupled with poverty, illiteracy, lack of 
awareness, 
 

Ø Sea-based sources of Pollution including oil spill, introduction of alien species 
through ballast water discharges, ocean debris, etc. 

 
Priority area of concern – I: Land based sources of Pollution - Disposal of Domestic and 
Industrial Wastes 
  

The four east coast states, and two union territories including the A&N Islands 
account for a total population of 83.30 million, which is 10 per cent of the total population of 
India estimated at 846 million in 1991. There is a wide variation in the decadal growth rate of 
population among the states.  One of the lowest growth rate in the last decennial period 
(1981-91) was recorded in Tamil Nadu (14.94).  Populous states like Andhra Pradesh 
continue to record growth rates above the national average.   
 

In a developing country like India rapid urbanization has led to an alarming 
deterioration in the quality of civic life. The urban centers suffer from infrastructure 
difference, poor sanitation and lack of solid waste collection and disposal systems, pollution 
of natural water systems, water logging etc. About 80% of the water supplied for domestic 
use, passes out as wastewater. In most of the cases, wastewater is let out untreated and it 
either sinks into the ground as a potential source of pollution of ground water or is discharged 
into the natural drainage system causing pollution in downstream areas.  

 
Untreated urban and municipal wastes from the coastal cities and towns are thrown 

directly into the sea along the east and west coasts, resulting in eutrophication and hypoxia.  If 
such wastes are discharged in the vicinity of the sea grass beds, their productivity is lowered.  
It also affects the epiphytic algae, crustaceans and molluscs, which use sea grass beds as a 
substrate and as a major detritus food.  Such an instance has been reported from the Gulf of 
Mannar region where twelve species of sea grasses occur.  The thermal discharge from the 
thermal power plant and the excessive brine runoff from the salt pans around Tuticorin have 
also affected the sea grass beds and the flora and fauna associated with them in the near-shore 
waters. 
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 Increasing population in urban centres has been responsible for increasing quantities 
of domestic waste materials.  This is discharged into the sea either directly or indirectly 
through rivers, creeks and bays.  It has been estimated that approximately 19,000 million 
litres of domestic sewage reach the coastal environment each day.  These wastes contain 
degradable organic matter, which utilizes enormous amounts of oxygen from seawater for its 
oxidation.  The resultant fall in oxygen in seawater leads to a decrease in the population of 
marine flora and fauna.  Domestic wastes are almost always discharged without treatment due 
to lack of such facilities in most cities and towns. 
 
  Major industrial cities and towns of the country such as Chennai, Visakhapatnam and 
Calcutta are situated on or near the coastline.  While the major industries discharge treated 
effluents into the sea, numerous small and medium scale industries discharge untreated 
effluents into the adjoining wastewater canals, municipal drains and creeks. Disposal of 
wastes from major urban centres like Chennai and Visakhapatnam in the east coast affects not 
only the ecology of the ambient marine environment in these areas but also the surrounding 
areas due to coastal circulation, as has been enumerated earlier in this report.   
 

River runoffs and chemical weathering of the rocks, and all industrial plants are the 
major sources of metallic pollution in the coastal and estuarine waters.  Cadmium, copper, 
lead, mercury, nickel and zinc are the heavy metals found in our coastal waters.  The sources 
of these are chloro-alkali factories, industrial coolant water discharge, municipal wastewater, 
dredging and dumping of sediments from the harbours, use of antifouling paints, etc. 
  
 Transportation through waterways like rivers, estuaries and the open seas has been 
traditionally possible through country boats and small barges.  Except for transportation of 
people and cargo to the Andaman and Nicobar group of islands in the east coast, surface 
transport by sea is still rarely preferred.  With the development of tourism in centres around 
Chennai and on the Orissa coast, riverine and marine transportation facilities are expected to 
improve around coastal areas. 
 

Nearly 100,000 ha of coastal land are being used for shrimp culture in Andhra 
Pradesh, Tamil Nadu, West Bengal and Orissa.  Coastal aquaculture depends primarily on the 
sea for the supply of water.  In some cases the waste products are also released into the sea, 
without proper treatment.  The wastes discharged from the farms contain many degradable 
organic compounds.  Growth of shrimp culture farms along the east coast has caused 
localized eutrophication in some areas. 
 
 Six major ports and a number of minor ports and fishing harbours/fish landing centres 
are situated along the east coast.  Construction of breakwater forms part of port development.  
Studies have revealed that the construction of breakwater alters the sediment transport 
mechanism in the coastal areas, thereby causing erosion or accretion, depending on the 
direction of the littoral drift.  A classic example is the Chennai port where the construction of 
breakwater has led to severe erosion on the northern part and accretion of sand in the beach 
area in the south. 
 
 Deepening of navigation channels for ensuring adequate draft to vessels is a routine 
activity in major ports like Chennai, Calcutta, Visakhapatnam, Tuticorin and Paradip.  Before 
initiating dredging, port authorities generally conduct model studies to locate sites for the 
disposal of the dredged sediments.  However, such models do not shed light on the impact of 
dredged sediments on marine life. 
 
 Studies conducted so far have revealed that in the mouth of estuaries and in the outer 
harbour limits where dredging is done, dispersed sediments increase the concentration of 
suspended matter in the ambient water.  Even though thorough investigations on the impact 
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on biological organisms is yet to be undertaken, it is clear that the increase in suspended 
matter may kill filter feeders like clams and other soft-bodied invertebrates. 
 
 Coastal zone is coming under tremendous stress owing to industrialisation and other 
human interventions with natural habitats and their living resources, leading to increased 
pollution loads and fishing pressure along the inshore areas.  Coastline pollution has seriously 
affected the living and non-living exploitable resources of the marine regime.  Major coastal 
activities causing pollution include: discharge of raw or partially treated industrial and 
urban wastes, harbour activities  including fish landing and handling in the over-
crowded fishery harbours, cargo handling, dumping of ship washings, spilling of oil, 
ores, oil exploration, oil slicks, land run-off etc.  Industrial coolant water discharge, 
municipal waste water, chlore-alkali factory wastes, dredging and dumping of sediments 
from harbours, use of antifouling paints etc, have loaded our coastal waters with heavy 
metals such as cadmium, copper, lead, mercury, nickel and zinc.   
 
Wastewater Generation, Collection, Treatment and Disposal  

 
Data information on wastewater generation and collection is less when compared to 

information on water supply. Along the coastal stretches of the country about 225 million 
people live. There are 48 class I cities including 7 metropolitan cities, 37 class I towns and 83 
class III towns located along the coast. About 46000 lakh cubic metre of domestic sewage and 
400 lakh cubic metre of solid waste are generated from these towns and cities. The coast has 
also 308 large and medium industries and about 450 small industries. These industries are 
known to discharge about 600 lakh cubic metre of treated and untreated effluents into the 
coastal waters.  
 
 The critical in-sanitary conditions in many cities and towns which exist in India 
today, is due to the fact that even minimum facilities for collection, treatment and disposal of 
wastewater do not exist in majority of the coastal cities and towns. The municipalities’ 
dispose off there treated or partly treated or untreated wastewater into natural drains joining 
rivers or lakes or on land for irrigation/fodder cultivation or into the sea. Pollution such as 
run-off from solid waste dumps, medical waste dumps, areas used for open defecation, 
agriculture fields and disposal of un-burnt dead bodies and animal carcasses, are the most 
common ones. 

 
Uncontrolled discharge of agriculture pesticides, and fission products and the 

concentration of such wastes if highly localised in the shallow coastal areas,  could lead to 
accumulation of their residues in the tissues of marine organisms causing major threat not 
only to the marine life, but to the animals and human beings as well, when they feed on such 
organisms. 
 

Sedimentation arising out of increased runoff from deforestation, the dumping of 
mine tailings, and sediment from a variety of construction projects is a matter of concern.  
Sediment in low amounts reduces coral growth and resilience to stress. In large amounts, 
particularly during storms, sediment can bury corals or whole coral communities. Organic 
pollution often enables seaweed to overgrow coral communities, and there is a need to 
develop more practical, low-cost methods to reduce this pollution in coastal situations. 
 
 A multiple use scenario with very heavy concentration of industrial complexes on the 
shores of the Hoogly Estuarine system along the city of Calcutta and extending down to 
Diamond Harbour almost to the sea mouth is evidencing pressure on ecosystem. Chilka and 
Pulicat Lakes/Lagoons on which thousands of fishermen depend for their livelihood are 
getting increasingly polluted posing a threat to fishing habitats, breeding and feeding grounds 
of fish and wildlife. 
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The sea environment is very complex. The physical feature of the land bordering the 
Bay of Bengal, fluctuations in sea temperature, the influence of wind and water currents, 
variations in the salinity of water and pH, upwelling, nutrients, intensity in the production of 
phytoplankton and standing crop of zooplankton, levels of oxygen saturation in the waters 
and a number of related oceanographic and meteorological factors, influence the periodic and 
seasonal occurrence and migration of fish, their spawning, recruitment, survival and growth. 
Thus, the fluctuations in the environmental conditions of the seas have a significant bearing 
on the lives and habits of fishes. Of practical importance for the marine living resources is the 
knowledge of the behaviour of the fish in respect of those environmental factors, which are 
easily observable. 
 
Municipal Solid Wastes  
 

Reliable estimates of the quantity of solid wastes generated in various cities and 
towns are not easily available. Municipal solid wastes are heterogeneous mixtures of paper, 
plastic, clothe, metal, glass, organic matter generated from households, commercial 
establishment and markets. The generation of wastes as well as its composition and 
characteristics vary from season to season and place to place, depending on the lifestyle, food 
habits, living standards, extent of industrial & commercial activities in the area, and so on. 
The daily per capita solid waste generated in India is estimated at 350-400 gm. As per the 
projections, the per capita generation of municipal solid wastes will increase up to 945 gm per 
day by 2047. Though wastes from hospitals and nursing homes are required to be collected 
and treated separately, in most cities and towns, they continue to form part of municipal solid 
wastes.  
 
Industrial solid wastes 
 

Out of about 120 million tons of industrial solid wastes generated in India, 65% is 
calcareous and siliceous by-products having potential for their utilisation towards building 
materials. While blast furnace slag could be used as an admixture to ordinary portland 
cement, the other products such as fly ash, gypsum, redmud and lime sludge can also be used 
in building materials, landfill, construction of roads and bridges and in agricultural 
applications. 

 
Priority II: Degradation of the coastal critical habitats leading to loss of Marine 
biodiversity 
 
Major threats to the Mangrove Ecosystem  

 
Because of the economic value of mangroves and the land they occupy, many 

mangrove areas have been exploited in the region. As a result it is estimated that 
approximately 50% of India’s mangrove areas have been destroyed over the period 1963-77. 
In the Indus Delta it has been estimated that only 1% of the original 250,000 ha of mangrove 
now exist. 

 
An analysis of the major threats to the mangrove ecosystems across the east coast of 

India based on the case studies presented in this report has revealed that they are highly 
susceptible to, 

  
q Natural disasters and violent storms that occur during the Southwest monsoon and 

early Northeast monsoon period, causing severe erosion to the coastal zone;   
q River influx, tidal incursions, erosion and accretion;  
q Intensive agriculture activities with more and more fertilizer and pesticide along with 

changed land-use pattern;  
q Increased industrial & urban pollution and discharge of oil from mechanized boats;  
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q Increase in the demand for forest and marine resources resulting in over-exploitation 
of the mangrove resources;  

q Deforestation for firewood and wood for construction;  
q Over-exploitation of molluscs and shrimp seeds;  
q Cattle grazing; etc.  

 
Another important factor in degradation of mangroves is insufficient tidal flushing to 

interior/elevated areas, where soils have become hyper-saline and devoid of vegetation. 
 

Some of the major fertilizer and chemical industries treat their effluents and do not 
discharge them into the sea.  Some of the paper industries discharge their effluents, which 
ultimately reach Coringa River.   These effluents are likely to have a serious impact on the 
water quality, productivity and regeneration of mangroves.  Runoff from agricultural fields 
could result in eutrophication, leading to algal blooms, and accumulation of pesticides. Apart 
from the waste generated by the existing population of about 3.2 million in Sundarbans, 
untreated waste to the tune of 397 tons of domestic wastes per day reach the Sundarbans area 
from the Kolkata Municipal Area.  

 
Over-exploitation of resources is another major concern causing ecological imbalance 

in the mangrove ecosystem.  As already reported, about 3600 tonnes of molluscs are removed 
annually from Kakinada Bay and Coringa mudflats for lime production. Collection of post 
larvae (seeds) of tiger shrimp (Penaeus monodon) for aquaculture industry is another major 
activity; which has adverse impact on the shrimp fishery in this area. About 40,000 people are 
involved in the collection of post-larval tiger shrimps in Sundarbans, which is about 540 
million/year. It is estimated that for an average collection of 6.5 gm shrimp seed, more than 
3000 gm of finfish and 4400 gm of shellfish seeds consisting of 50 different species are 
destroyed per net per day. 

 
With new developments in shrimp farming, some areas in Godavari and Krishna 

mangroves in Andhra Pradesh appear to have been converted. Destruction of mangroves leads 
to removal of shelter for fishes and would result in tidal water reaching far inland and the 
salination of agricultural land. The World Bank aided project has built in a programme of 
mangrove afforestation to compensate for the forest cover that would be lost to pond and 
infrastructure development in Meendwip Island in West Bengal.  
 

Farmers are concerned with environmental impact, particularly in crowded areas 
where wastewaters of the farms in the area have the same source as inlet. This is evident in 
Kandaleru creek farms in Andhra Pradesh. Even though efforts have been made to stop this 
practice, very little is being done to reduce the impacts. Similar situations exist in seawater 
based farms where continuous rows of farms are located along the coastline.  
 
Other natural causes 

 
Cyclones and floods are regular features in this region causing large-scale 

degradation and loss of habitat. Geomorphological changes due to littoral and tidal currents 
and consequent siltation, erosion, accretion all have an impact on the mangrove ecosystem. 
Tidal flushing is an important factor for dispersal of mangrove seedlings and regeneration. 

 
Threats to Coral Reefs and associated ecosystems 
  

In just a few decades, many coral reef ecosystems, which have taken millions of years 
to evolve, have been severely degraded, and some have been destroyed entirely, together with 
their innumerable species and intricate genetic codes. Often reefs are degraded by the 
combined impact of a variety of natural and anthropogenic processes.  Most disturbing, is that 
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surveys are revealing a chronic deterioration of coral reefs worldwide, even those reefs that 
are the most remote from direct human impact.   
 

Truly alarming conditions are indicated by two sources of recent data collected 
worldwide from Reef Check, which found that:  

 

v Serious overfishing of high-value reef animals was widespread.  
v Virtually all reefs were heavily fished no matter how far they were from human 

population centres.  
v Marine Protected Areas were generally no different from nearby unprotected areas, 

indicating that most MPA management regimes in coral reef ecosystems are ineffective. 
The most critical threats to the long-term health of coral reef ecosystems are:  
 

Ø Climate change  
Ø Over- and destructive exploitation, and  
Ø Pollution 

 
 Natural Threats 
  

Over the last decade, global warming seems to have increased the intensity and 
frequency of cyclones and hurricanes, with the danger that chances of reefs recovering may 
be declining.  Global climate change, unsustainable exploitation, and chronic pollution from 
terrestrial sources are emerging as the major culprits.  Greatly increased efforts need to focus 
on curbing these threats, if the current rapid losses are to be reversed. 
  

Storm damage is the most common type of intermittent natural disturbance, and it 
plays an important role in shaping reef community structure and diversity. Reefs in lagoons 
and close to the outflow of rivers may be exposed to low salinity pulses and high 
sediment/nutrient loads following periods of heavy rainfall, while reef crest and reef flat 
corals may be damaged by exposure during exceptionally low tides.   
  

Biological disturbances include outbreaks of diseases and predators, which can have a 
severe effect if the affected group plays a key role in the reef ecology. Examples of biological 
disturbance events that have a lag recovery time of several years include outbreaks of the 
crown-of-thorns starfish (Acanthaster planci) or of the corallivorous gastropod of the genus 
Drupella, or die-offs of the black spiny sea urchin. 
 

The abundant biological diversity of the coral reef ecosystem, not only includes coral 
and the commercially important species associated with the reef but also tens of thousands of 
other plant and animal species.  Thus, the status and trends of this ecosystem are not easily 
evaluated.  Historically most of the coral reef surveys have been limited to discrete reefs or 
species or have been limited. 
 
Impact of Climate Change on coral reef ecosystem 
  

Most reef systems face destruction within the next 50 years if climate change 
predictions become a reality. Climate change is now emerging as an increasingly serious 
threat to reefs globally.  Coral bleaching in response to periodic elevated sea surface 
temperatures (or other types of stress) is a probable natural phenomenon. Fundamental to the 
existence of coral reefs and their associated species is the symbiosis between the reef building 
coral polyp and the algae, known as zooxanthellae that reside within the tissue of the polyp.  
When corals become stressed, a typical response is  "bleaching", which occurs when the 
symbiotic algae are lost from the polyp.  Corals generally survive in a narrow range of water 
temperatures, from 26°C to 28°C, and are intolerant of temperatures just a few degrees 
warmer than usual.  
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  For short periods, the polyp can survive without the algae, but unless the situation that 
caused the bleaching improves, and new algae are incorporated into the tissue, the coral will 
die. Once dead, the reef is rapidly overgrown by other types of algae and the reef framework 
is eroded through actions of boring organisms.   
  

 Recent years have seen a series of particularly intense coral bleaching events, such as 
the one associated with the 1997-1998 El Niño that produced a massive die-off of reefs in the 
Indian Ocean, which extended up to Andaman & Nicobar Islands. The fact that corals, 
estimated to be several hundred years old, were killed in this event, indicating that such large 
scale mortalities are unique and that the forcing mechanism in this case  - elevated sea-surface 
temperatures due to global warming is moving outside the range of natural expectation.  The 
implications for the long-term survival of coral reefs range from a shift in community 
structure to more thermally tolerant species, to a large-scale wiping out of reef communities 
within their current range.   
  

Reports produced by Coral Reef Degradation in the Indian Ocean (CORDIO) paint a 
grim picture of the extent of damage to coral reefs in the Indian Ocean, as a result of the 
elevated sea surface temperatures in 1998:  

 

v In some areas, such as the Hikkaduwa and Bar reefs of Sri Lanka, mortality was close 
to 100%.   

v In many areas of Sri Lanka, and the Maldives, 90 - 100% of the corals died after 
exposure to high water temperatures.  

v Potentially toxic, epiphytic dinoflagellates showed drastically increased 
concentrations in areas with dead corals.   

 
Scientific evidence strongly suggests that global climate change already is affecting a 

broad range of marine species and ecosystems. Although it is not known with certainty as to 
which of these mechanisms is causing the observed changes, it is evident that these changes 
are occurring across the oceans and across a range of types of marine life. The observed 
changes are consistent with those predicted for climate change, occurring during the warmest 
years on record and giving strong indications that long-term global warming is beginning to 
alter marine ecosystems.   
  

In addition to increased sea temperatures, there are two other mechanisms by which 
climate change can impact coral reefs:  through higher levels of dissolved carbon dioxide  
(CO2), and by increased frequency and intensity of extreme weather events.  
  

The oceans constantly absorb CO2 from the atmosphere. As humans continue to 
influence the Earth’s climate by burning fossil fuels that emit high levels of CO2, it is likely 
that oceans will absorb a higher than normal amount of atmospheric CO2. Reef structures are 
formed by coral secretions of calcium carbonate. High levels of atmospheric CO2 alter water 
chemistry, and reduce the rate of calcification, ultimately reducing the density of coral 
skeletons, and weakening them.  This, combined with increased storm activity and mass 
mortality from bleaching, can greatly accelerate reef erosion. 
 
Anthropogenic Threats  
  

Coral reefs are rich in natural resources.  For centuries coastal populations have 
exploited them for food, building materials and trade items.  As populations have grown, 
resource exploitation has increased. In addition, coastal zones and watersheds increasingly are 
being converted for agriculture and urban development, resulting in indirect pressures on near 
shore reefs from increased nutrient inputs, elevated sediment loads, and changes in coastal 
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configuration. Many tropical coastal zones have witnessed expansion of tourism development, 
together with massive conversion for aquaculture, especially in Southeast Asia.    
  

In 1997, a global review of the status of the world’s reefs revealed that 58% of reefs 
were considered to be at high to moderate risk from activities such as coastal development, 
marine pollution and over-exploitation.  This exposed a disturbing trend of increasing 
degradation from earlier estimates published in 1993.  Ever increasing numbers of reefs are 
estimated to be at risk.    
  
Pollution 
 

The effluents from the sawmills and matchwood factories (which are non-existent 
now) around Port Blair and Middle Andaman have caused some damages to coral reefs. In the 
reef areas near the harbour (eg. Port Blair, Comorta) thin oil film persists on the surface of the 
sea.  At many places near human settlement (eg. Port Blair) sewage along with rainwater run 
off is channelised through culverts constructed every few hundred metre along the protective 
walls and bund, causing deleterious effects on corals.   
  
 Sedimentation (from land degradation, deforestation, and over-grazing) is arguably 
the most widespread source of pollution affecting reef ecosystems.  Sediment loads change 
the nutrient balances of shallow coastal waters and can kill corals directly through 
smothering. Other key sources of land-based pollution that threaten reefs include urban 
runoff, industrial discharges, dam and weir construction, drainage schemes, and coastal 
developments.  Aquaculture, a fast growing industry along most tropical coastlines, also 
presents a major pollution risk, emanating from discharge ponds, which contain high levels of 
nutrients, suspended solids, and antibiotics. Ships further threaten coral reef areas through 
ballast discharges, oil spills, and sewage.   
 
Ecotourism 
 

In A& N Islands still the tourism has not picked up like an industry.  The statistics 
given by local Department of Tourism show that during the last 10 years the number of 
foreign tourists visiting the Islands is between 2000 and 4000 and the number of the domestic 
tourists has increased from 30,000 to 65,000 over the years.  The amount of diving tourism is 
quite insignificant.  The tourists visit only a few corals reef areas in South Andaman, Richies’ 
Archipelago and Middle Andaman and the impacts are only marginal till now. 
 

Over-exploitation of living resources and destructive consumptive uses has 
devastated coral reefs and other marine habitats and living resources.  Nature – based tourism 
or ecotourism can offer a sustainable alternative. The attention on resource can spark both 
local and national interest in protecting it, opening the door for marine protected areas, coastal 
management plans, and effective resource management.   
 

Coral reefs are typical marine sites for ecotourism.  Often, ecotourism is associated 
with scuba diving on coral reefs.  Although diving activities will innately affect to reefs and 
irresponsible or ignorant divers can cause serious damage, a number of cases have shown that 
dive operators and reef managers can work together to support conservation.  Other tourism 
activities that utilize coral reef resources directly include snorkeling, swimming and boating, 
“seascape” viewing, and collecting. Less direct are the activities that depend on the existence 
of a healthy intact reef system, even when tourists do not come into contact with the reef 
itself, such as some forms of beach tourism, and landscape viewing more generally. 
Development is typically more sustainable if it capitalizes on a diversity of visitor interest, 
reducing pressure on the primary target resources. 
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Tourism presents another range of threats related to unsustainable exploitation, 
including damage to coral reefs from anchoring, reef walking, and careless diving; 
disturbance to reef organisms from frequent use of certain reefs by dive operators; and 
displacement of traditional indigenous use.  

 
Unsustainable Exploitation 
  

With their high productivity and high marine fish diversity, coral reefs support a wide 
range of fisheries. However, growing coastal populations, rising global demand for fisheries 
products, and the introduction of new technologies are creating increasingly severe threats to 
coral ecosystems. These increased pressures result in diminishing fish stocks, and declines in 
catch per unit of effort. Millions of full-time and part-time artisanal fishers risk losing their 
livelihoods if this trend is allowed to continue.  
 

In addition to the small-scale fisheries, there are important semi-industrial and 
industrial operations in and near coral reef areas. Commercial trawling for shrimps results in 
substantial levels of by-catch and extensive damage to the sea floor and benthic organisms.  In 
many areas line fishing (both commercial and recreational) and gill netting are also threats to 
reef communities and associated species.  
  

In many coral reef areas the damages due to entangling of nylon nettings, fishing 
hooks and further damages due to other activities like shell and curios collection are not 
uncommon.  In A & N Islands nearly 900 units of hooks and lines, 1000 units of gill nets and 
600 units of cast nets operate mainly in near-shore coral areas and some significant impact 
due to fishing activities are unavoidable.    
 
Ripple Effects 
  

Corals provide food and habitat to countless marine organisms, and damage to reefs 
can have direct effects on the intricate web of marine life that depends on the health of the 
reefs for survival. As an example, many of the small organisms living around the coral, feed 
off mucous secreted by coral and zooxanthellae.  When bleaching occurs, production of this 
mucus decreases, affecting these small organisms and potentially distorting the entire food 
chain.   
  

The destruction of coral reefs can result in drastic changes in the fish populations 
associated with these ecosystems.  When a reef becomes degraded and many of the corals die 
and become overgrown by algae, corallivorous fish are replaced by fish that are algal grazers.  
If the reef degenerates further, reef dwelling species of fish may disappear entirely, being 
replaced by pelagic species.  Ultimately, biodiversity in terms of corals, fish, shellfish and 
other reef inhabitants plummets. This leads to a drastic reduction in the catches of local 
fishers, with a loss of food security and an increase of poverty.  
  

Loss of reef structure provides another example of the potential effect of damages to 
coral reefs.  In fact reefs act as barriers that protect coastal areas from oceanic waves, but 
when the reef framework is degraded, it is no longer able to prevent the passage of oceanic 
waves and, as a consequence, islands and beaches may be severely eroded (Lindén and 
Sporrong 1999).  
  

Alarm calls have been sounding for over a decade that the coral reefs of the world are 
in serious trouble. Large-scale degradation has occurred in East Africa, the Indian Ocean, 
South and Southeast Asia, parts of the Pacific, and across the Caribbean (Wilkinson 1998). 
The unmistakable message from coral reef surveys over the last few years is that there is a 
trend of chronic decline in reef health, and increasingly frequent, un-natural, climate events. 
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The implications of this for developing countries in the tropics are a massive loss of socio-
economic stability, increased poverty, and increasing pressure on other natural resources.   
 
  The fringing reefs around South Andaman, especially around Port Blair face 
tremendous pressure due to development activities.  The Blair reef near Port Blair harbour is 
almost dead.  The reefs along South east coast of Little Andaman have suffered from high 
siltation from deforested land. In Nicobar Islands, the reefs showed some damages caused 
mainly by fishing hooks and lines and entangling synthetic netting. 

 
Degradation of coral reef ecosystems would have significant impact on the food 

sources, and long-term negative economic impacts on fishery and tourism industries, and a 
devastating effect on millions of people around the world for whom, coral reefs represent the 
primary source of livelihood. 
 

Blast fishing is widely dispersed and rapidly growing.  As with other forms of 
destructive fishing associated with the condition known as Malthusian over fishing, such as 
poisoning and muro ami fishing, the problem tends to increase as human populations increase, 
resulting in increasingly desperate competition for reef resources.  To date more than 40 
countries are known to have problems with blast fishing on coral reefs, and more than 15 have 
reported cyanide fishing. 
 
Threats to the Turtle Nesting Ground  
 

The most interesting aspect of the Olive Ridleys’ life cycle is their nesting behaviour. 
Every year at Gahirmatha and two other sites on the Orissa coast of India, thousands of Olive 
Ridleys congregate on the beach, between December and April, for mass nesting. This 
phenomenon is called the arribada (‘arrival’ in Spanish). In 1999, by the end of March, it was 
estimated that around 2,00,000 turtles had nested at the Gahirmatha beach. This narrow 
nesting beach is so densely packed with nesting female turtles that successive waves of turtles 
on the beach unearth the eggs from the previous nesters, destroying the first batch of baby 
turtles. Information about this enormous rookery came to light to the scientific community 
only in 1974. Since then measures have been taken to conserve this turtle nesting site. 

 
Mass nesting sites such as Gahirmatha have been greatly impacted by natural 

processes in the region in the recent past. In the early 1980s, the turtles deserted this site to 
shift northwards to the Ekakula nasi (‘nasi’ means sand spit near a river mouth). In 1989, a 
severe cyclone fragmented this nesting beach. The sand pit now formed an elongated island, 
around 4 km in length, surrounded by the Maipura river on three sides, and the Bay of Bengal 
on the east. That year, no more than a hundred turtles nested at the island. Later, mass nesting 
started on the island, now renamed as Ekakulanasi rookery. In 1998, the island got further 
fragmented. Two islands were formed with an average width of 50 m. This narrow width left 
very little space for nesting, leading to the destruction of previously laid eggs by subsequent 
nesting turtles. 
 

Beach erosion leaves many nests exposed to predators like jackals, fox, crows and 
other birds. The hatchlings have to negotiate these predators to reach the ocean. It is believed 
that only one out of every 1000 eggs actually matures into an adult.  
 

However, the major threat comes from human activities. Roads and buildings being 
constructed near the rookeries hamper nesting. More infrastructure projects near the nesting 
sites mean more threats to the turtles and their habitat. The hatchlings instinctively find their 
way to the ocean by sensing the light on the sea, as compared to the dark areas of vegetation 
and dunes where they nest. But the increased lighting from roads and buildings on the 
landward side misguides young turtles, which get confused about the route to the sea, leading 
to increased mortality. The uncontrolled mechanised fishing in areas of dense sea turtle 
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population has resulted in large-scale mortality of adult sea turtles. Trawling even though is 
banned near the coast, is a threat, and Turtle Excluder Devices, though mandated, may not 
always be used. 
 
Loss of biodiversity 
 

Major direct threats to the marine and coastal biodiversity are many and interrelated.  
Some of the important threats are habitat destruction and conversion, introduction of exotic 
species, monoculture, pollution, hunting and poaching, over-exploitation and global changes.  
All these factors singly or collectively cause erosion into the coastal and marine biodiversity.  
The documented endangered marine life includes 8 sp of marine mammals, 5 sp. of turtles, 1 
sp. of hemichordata, 3 sp. of cephalochordata, 6 sp. of echinoderms, 2 sp. of xiophosurans, 15 
sp. of molluscs, 10 sp. of crabs and 1 sp. in each of ehiuroids and branchipods  (MEA, 1996).  
Out of 52 species of marine fish living in the mangrove areas of the country, 9 are vulnerable, 
2 are endangered and out of 41 invertebrates, 4 are vulnerable and only one species is 
critically endangered (MEA, 1996).   
 
 Technological (including biotechnological) and industrial developments have an 
impact on biodiversity conservation and use.  While various kinds of technologies have 
contributed to the conservation or enhancement of biodiversity, others have had an adverse 
effect.  Industrialization over the last few centuries in particular, with its thrust towards 
exploiting biological resources as raw material has been destructive to biodiversity.  The 
worldwide emphasis today is to develop environmentally and socially sound technology, 
which means the development/ application / use of technology, and industrial processes that 
do not cause irreversible damage to the environment, and are socially equitable.  
 
Priority III.  Un-sustainable exploitation of the Resources 
 
 Main thrust for exploitation of the high priced shrimp, lobsters and finfishes upto 50 
m. depth has resulted in problems like stagnation/decline in shrimp production and even in 
certain species of finfish.  Concentration of efforts for shrimp fishery, in particular, has 
resulted in large quantities of fish by-catch being discarded at sea.  The studies undertaken by 
the Bay of Bengal Programme (BOBP) have revealed that the discard from the fishing 
operation in the east coast of India alone averages about 120,000 tonnes of by-catch per 
annum.  Due to high capital and operational costs, the fishing industry normally focuses its 
attention only to exploitation of shrimp and high value fish.  About 80-90 % of the by-catch 
discarded is estimated to be less than 20 cm size which are of low value.  The remaining 10-
20% of such low value fish if processed and converted into value added fishery products or 
iced and sold in the domestic market, it could narrow the yawning gap between the demand 
and supply of fish. 
 

Inevitably, coastal fisheries are coming under increasing pressure as human 
populations expand.  In addition to heavily increased fishing pressure from people drifting to 
urban areas, there is a reduction in the carrying capacity of urban coastal ecosystems due to 
increased siltation and land runoff.  Where there is no tradition of subsistence harvest, 
fisheries are more commercial and targeted on a narrower range of high-value species. Such 
systems are more unstable and are more prone to catastrophic collapse, due to urbanisation. 
 

The Coastal zone is undergoing great stress due to the discharge of wastes from 
industries and other human activities.  This is coupled with increasing fishing pressure along 
the inshore areas.  Some of the destructive methods of fishing within the EEZ are known to 
adversely affect coastal fishery resources, leading to removal of even the juveniles, the young 
ones of all the commercial varieties of fish/ shellfish, etc. The stagnation in the marine fish 
production from India between 1985 and 1988 is attributed to this. Considering the adverse 
impact of bull (paired)/bottom trawling on the coastal marine fishery resources, Government 
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of India banned it within the Indian EEZ from May 1987 onwards and no fresh permits were 
issued for chartering this type of vessels thereafter.  This appears to have had a definite effect 
and impact on the recovery of the Indian coastal fisheries, which is reflected in the gradual 
increase in marine fish production from 1988 onwards. 

 
Human influences on fisheries ecosystems are often interlinked, and effects are often 

devastating. The diversity of pressures is the highest close to centres of urbanisation. 
However, even in remote areas, freshwater diversion and blockages to access by tides on 
aquatic fauna and flora present an increasingly widespread threat to fisheries habitats in 
estuaries and coastal streams. Human interference further influences production in fisheries. 
Such interference includes clearing vegetation in adjacent catchments areas, run-off of silt and 
pesticides, discharge from adjacent industrial development, loss of seagrass and dredging.  

 
Fishing also has an impact on the environment. The removal of fish from fisheries not 

only affects the numbers of target fish species, but also the food chain of other marine animals 
and the bird life that feed on them. 

 
Urbanisation in coastal regions causes additional problems, as surrounding seas are 

often used as a repository for waste discharges of all kinds, which degrades coastal and 
marine habitats and has consequences for tourism, fishing, and/or agriculture. Discharges of 
industrial wastes to municipal sewage systems compound this problem. Such discharges pose 
a threat to health and are also a major source of litter. Even with primary or secondary 
treatment, municipal sewage systems are responsible for the discharge of nutrients, which 
may result in toxic blooms of phytoplankton and cause major problems for fisheries.  The 
expansion of coastal cities and suburbs is often accompanied by shoreline modification, 
which cause further disturbance. The process of urbanisation often results in the loss of 
fishing space and/or rights for the fishing community where traditional fishing grounds and 
small ports give way to other developments. The environmental impact of large ports is also 
significant, including problems of erosion of adjacent shoreline, loss of inter-tidal habitat and 
damage to coastal ecosystems caused by the dredging and filling of wetlands during 
construction. Ports are also major sources of pollution as a result of discharges of waste, bilge 
washing and the use of toxic chemicals and paints. Inland urbanisation has also impacts on 
coastal regions. For example, the depletion of groundwater may have an impact on river and 
ultimately coastal systems that can lead to salt water intrusion into underground aquifers.  

 
The coastal fishing is of strategic importance because of its role in the supply of fresh 

fish, its economical use of resources and its contribution to ensuring viable, settled fishing 
communities and also because of the jobs that depend on it. The major importance of offshore 
fishing (given the size of the catches it accounts for) is, it makes industrial and economic 
development viable and generates jobs. 

 
Threats to Marine Living Resources 
 

Important fishery dependent factors, which are posing threat to the health of marine 
living resources, are:  

 
Ø Destructive fishing methods, 
Ø Habitat degradation by certain type of fishing operations,  
Ø Illegal, Unregulated and Unreported (IUU) fishing, 
Ø Discarded/lost gear causing ghost fishing,  
Ø By catches and discards, 
Ø Unsustainable aquaculture activities, 
Ø Unauthorized trans-boundary trade of live aquatics, 
Ø Oil spill from fishing vessels 
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 The important non-fishery related factors, which are negatively impacting the living 
resources, are listed below: 
 

Ø Construction of towns & cities with attendant domestic waste drains, 
Ø Industrial effluents released in to river, creek or stream, which ultimately ends up 

in the sea, (examples are paper mills, sugar industries, leather industry, fertilizer 
plants, chemical plants etc.) 

Ø Ship building yards, harbours with ancillary industries, navigation ships, defence 
bases, etc., 

Ø Tourism (Beach resorts, swimming pools, etc.) 
Ø Agricultural run off consisting of chemical fertilizers and pesticides, the former 

causing Eutrophication of water bodies like estuaries, 
Ø Offshore oil and mineral exploitation.  

 
About 30 million people in developing countries are engaged in fisheries, and 

“coastal fishing communities are frequently among the poorest of the poor.”  For about 1 
billion people living in poor countries, fish are also a vital source of protein, and an important 
component of food security.  Yet, 70% of the world’s fisheries are being overexploited or are 
at capacity.   The maximum sustainable yield worldwide could be caught with half the 
existing fishing fleet.  The two main reasons for the difficulty in managing fisheries are the 
open access or common pool nature of the resource and the lack of information.  

 
Three quarters of all fish stocks are being exploited at or above their sustainable 

levels. Total harvests from capture fisheries have leveled off or declined.  Some fisheries have 
completely collapsed. In others, depletion of prized predatory fish has led to shifts in 
ecosystem structure.  Almost 15 million sq. km. of ocean bottom have been scraped by ocean 
trawlers, possibly causing long lasting damage to bottom-dwelling species. 

 
 Besides sea based and land based pollution, habitat degradation and environmental 

activism also impact capture fisheries, the brunt of which is often borne by the artisanal 
fisher- folk.  
 
Impacts of Coastal Aquaculture  
 
Brackishwater aquaculture development 
 

Potential positive impacts Potential negative impacts 
1. The most marginal of the coastal 

saline soils will be brought into 
productive use. 

1. Increased demand for wild post-larvae may 
deplete wild shrimp stocks as well as stocks of 
other crustacean and finfish species. 

2. The most economically distressed 
portion of the coastal population (i.e. 
fishermen) will be offered an 
alternative economic activity. 

2. Rapid expansion of this sector may lead to 
encroachment of ponds onto agricultural land 
and mangrove estuary. 

3. There will be reduced pressure on the 
coastal fisheries, forests and other 
natural resources. 

3. Enormous quantities of raw sewage and 
industrial effluents discharged into the Hooghly 
river are a major contributory factor to the 
degradation of the Hooghly-Matlah estuarine 
system. If local molluscs and finish are used in 
the shrimp feeds, bioaccumulation of metals 
and pesticides in the shrimp tissue could create 
problems for the Indian seafood export sector. 

4 Additional employment opportunities 
will be created. 

4. If large segments of the coastal population take 
up monoculture of 1 or 2 species of shrimp 
exclusively, there will be tremendous economic 
hardship when the downturns due to market 
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Potential positive impacts Potential negative impacts 
hardship when the downturns due to market 
conditions, natural phenomena, disease 
epizootics etc. occur. 

5 Ancillary activities (e.g. processing, 
marketing, production and sale of 
feed etc.) will create additional 
employment opportunities. 

5. There may be conflicts between sectors for 
resources such as primary feed ingredients. 

6. An activity will be developed that 
will serve as an "indicator industry" 
for the general health of coastal 
waters. 

6. If migrant labour were to be prohibited, there is 
a conceivable future labour constraint. 

  7. If brokers and exporters gain a significant 
portion of the profit potential, most of the 
economic benefit may be lost to the local 
economy. 

  8. In areas with limited tidal action, localised 
eutrophication may result from the high volume 
discharge of enriched shrimp pond effluent. 

 
Impact of shrimp hatcheries/shrimp larval collection 
 

Shrimp hatcheries tend to concentrate in a few ideal locations. For example, in a 
distance of about 40 km near Chennai, more than 10 shrimp hatcheries are located. The 
hatcheries of the World Bank aided project are also on a cluster basis in some cases. All 
commercial hatcheries are known to use antibiotics as a routine prophylactic measure. EDTA 
is used as chelating agent. Chlorination of water is also carried out.  
 

The commonest gear used for fry collection in West Bengal is the Midnapur type of 
shooting net (behundi jal), which is operated both from the shore and from boats. Drag nets 
and barrier nets are also used. Nazat in North 24 Parganas District is considered the biggest 
tiger shrimp seed market in the country. Thousands of persons belonging to the fisherfolk and 
agricultural communities have found gainful employment in fry collection and trade. It is 
reported that about 900 million tiger shrimp fry are collected annually to meet the demand for 
the extensive and semi-intensive farms located mainly in North 24-Parganas District (Nielsen 
and Hall, 1993). The CIBA study estimated the destruction of shrimp fry by-catch to be 
almost 407 million in Nazat, 62 million in Harwood Point and 2,592 million in Ramnagar. A 
total of 49 species of finfish and 11 species of crustaceans formed the by-catch.  
 

The shrimp seed trade is a significant economic activity for thousands of families, 
including traders and transporters, particularly in West Bengal. It is likely to have an adverse 
effect on estuarine ecology and fisheries, and may have an impact on recruitment to coastal 
fisheries, if practiced in an unsustainable manner. Management measures which have been 
suggested are educating the fry-catchers, establishing a fry bank, reducing stocking densities 
of tiger shrimp fry in bheries, using hatchery fry as stocking material and transporting fry 
under oxygen packing.  
 

During the discussion with the fisheries officials of West Bengal and Orissa, it was 
indicated that these State Governments have banned the shrimp fry collection in the 
respective States to ward off the adverse impacts of shrimp fry collection.  In Andhra Pradesh 
and Tamil Nadu also such practices are adopted but in small scale. These two States and 
Andaman Nicobar Islands are the major sources of mother shrimp collection from the open 
sea.  It has been reported by the fishermen that since the mother shrimp offers them premium 
price, they bring it and give to the hatcheries and with the growing interest in collecting them 
and selling them, there is a decline in the availability of mother shrimp for natural breeding 
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and fresh recruitment of shrimp for shrimp fishery.  This is evident from the declining shrimp 
catches in the inshore waters.  Some of the fishermen in Tamil Nadu, opined that the 
Government should create facilities for brood stock bank for shrimp, procure the 
mother shrimp brought by the fishermen, produce the shrimp seed and sea ranch them. 
 
Ecological, social and economic problems related to changes in land use for shrimp 
farming 
 
 The major ecological problems feared and voiced is salination of agricultural land and 
ground water sources. Economically, shrimp farming yields a much higher rate of return on 
investment and profits, compared to other uses. This may bring about social conflicts due to 
large differences in income between those who stick to traditional production systems and 
those who switch over to shrimp farming. Those who cannot afford to go in for moderate to 
heavy investment for shrimp farming will be isolated from the changing trend. 
 
Priority IV: Closure of bar-mouth connecting estuaries/riverine systems with the Bay 
 
 Shoreline along the coast is subjected to changes and oscillations due to natural 
causes and manmade activities resulting in erosion of the coast leading to loss of land and 
closure of tidal inlets affecting the water quality and access to the sea. All the East flowing 
rivers and canals empty their contents into the Bay of Bengal through the estuarine bar mouth. 
These bar mouths which connect the river and sea bring in large quantum of freshwater and 
river runoff into the sea, which contain heavy loads of nutrients and minerals originating in 
the hinterland. The estuaries and brackishwater areas along the coast act as nursery grounds 
for a large number of marine organisms including the commercially important finfishes and 
shellfishes.  
 
 Due to failure or inadequate monsoon effect and also due to the closure of the bar 
mouths due to sedimentation, siltation and littoral drift, the productivity in the inshore waters 
gets reduced thereby affecting the coastal fishery and the consequent decline in the catch, 
income and livelihood of the artisanal marine fisherfolk. The closure of the bar mouth also 
results in accumulation of wastes in the estuaries and the consequent fish mortality. This also 
prevents the migration of the anadromous and catadromous, fin and shellfishes, marine turtles 
and marine mammals. 
 

If the bar mouths are kept open permanently, it would ensure exchange of sea and 
river water, resulting in maintaining the requisite salinity and optimum water quality for 
propagation of the marine living resources and thereby improving the livelihood security of 
the fisherfolk.  

 
It has been reported that in Tamil Nadu there are 52 estuaries, brackishwater lakes, 

lagoons, etc., which are facing this problem. Similar conditions prevail in Pondicherry and 
also in some of the rivers and estuaries in South Andhra Coast. Even though the investment 
for solving the problem will be very high, it is essential that the estuaries are permanently 
connected with the sea for exchange of water, nutrients and migration of the estuarine and 
marine species for breeding, feeding and further growth and survival. 

 
Since the sustainable livelihood of the coastal communities is dependent upon the 

efficient and integrated management of all activities in the coastal areas. It is of paramount 
importance that the bar mouths connecting the riverine systems with the Bay of Bengal are 
kept open on a permanent basis.  
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Priority V: Socio-economic Pressures 
 

A large proportion of the populations of developing states rely on coastal fishing for 
subsistence nutrition, but this is rarely taken account of in development plans, or quantified in 
national accounts.  
 

Many nations are subject to steady urban drift on to cities and the concentration of 
population on capital areas usually causes coastal environmental degradation through erosion, 
siltation and eutrophication. Resulting reductions in fishery carrying capacity exacerbate 
problems caused by increased subsistence fishing pressure and will accelerate collapse of 
coastal fisheries. Urbanisation and population concentration encourages construction and 
production of domestic sewage; intensive agriculture requires fertilizer and pesticides, and 
non-selective logging leads to erosion, all of which have impact on the fishery.   
 
 The number of people fishing and fish farming worldwide has more than doubled 
since 1970. Most of this growth has taken place in the 80s and mainly in Asian countries, 
where four fifths of world fishers and fish farmers dwell. In 1970 the number of people 
engaged in fishing and aquaculture as their source of income and food, numbered 13 millions. 
Overall they produced 65 million tons of fish that is as a world average almost 5 tons per 
person in that year. In 1980, the number of people deriving their livelihood from fishing and 
aquaculture increased by 26% to nearly 17 millions. The trends of increasing mechanization 
and advancing technology resulting in urbanisation were more marked for agriculture than for 
fisheries, especially in highly populated developing countries. In 1980 total fishery production 
amounted to 72 million tons, corresponding to a slightly lower productivity of 4.3 tons per 
person. In 1990, the number of people economically active in fishery increased by 72% to 
reach 28.5 million people. The absolute growth in numbers - largely explained by the wide 
expansion of the aquaculture sector- associated with a total fishery production of 98 million 
tons in 1990, implies an overall decrease in average productivity to 3.4 tons per person (FAO, 
2000). 
 

84% of the world's fishers in 1990 were concentrated in Asia (9 millions in China, 
nearly 6 millions in India, and 4 millions in Vietnam, Indonesia, Bangladesh and the 
Philippines taken together). This compares with 77% in 1970 and 80% in 1980. In 1990, 95% 
of the world fishers and fish farmers were from developing countries and they produced 58% 
of the 98 million tons of world fish. In most developing countries of low and middle-income, 
where the majority of people are employed in the agricultural sector, the number of people 
employed in fishing and aquaculture has been growing steadily (FAO, 2000).  

 
In many countries of the world including India, fishing is a seasonal occupation or a 

part-time one, peaking in the months of the year when riverine, coastal and offshore resources 
are more abundant or available.  
 
 The aforesaid views are corroborated by the statements made by the fishing 
community across the east coast States of India.  A general opinion of the fisher folk was that 
the fish landings have come down by 10 times or even more in the past decade, which was 
attributed to two or three reasons, one being the pollution from land based activities, second 
the destruction of even young ones and discarding of low value fish and thirdly the increase in 
the number of fishermen/non-fishermen who go for fishing.  In a place where 10 people used 
to fish earlier, 100 people are competing presently leading to a reduction in the catch-per-unit-
of-effort.  Moreover, they are forced to defy any ban or restriction on fishing introduced by 
the administrative authorities as they subsist on fishing for their livelihood.  

 
Soil erosion is one of the greatest man-made disasters, which has resulted in siltation 

not only of the river basins, backwaters and estuaries, but also in a considerable depletion of 
fishery resources.  It is estimated that, in India, over 16 tonnes per ha of soil is being eroded 
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every year, resulting in a loss of about 5.37-8.4 million tonnes of major nutrients (nitrogen, 
phosphorus and potash) and the Indian Ocean receives annually 34 X 108 tonnes suspended 
sediments, of which 16 X108 tonnes come from the rivers flowing through the subcontinent.  
Due to the increasing human intervention such as mining, clearance of land for agriculture, 
urbanization, industrialization etc., the quantity of suspended sediments is increasing day by 
day.  Most of the silt settles near the river mouths and in the coastal areas, decreasing their 
productivity and thus depleting their fishery resources. 

 
Increased suspended sediments and sedimentation caused by deforestation, land 

development/reclamation and consequent erosion have had a serious impact on bio- diversity.  
The sediment, which settles on or penetrates into the stream-bed is more deleterious than the 
suspended sediment, as it would have a long-term effect on the fish and invertebrate 
population.  Increased turbidity also leads to a reduction in the algal growth and consequent 
further reduction in the diversity of plants. Sediment deposition, particularly through its 
influence on the mortality of eggs and larvae in the spawning species, is the most significant 
cause for decline in the fish population. 

 
There is enough evidence and data to suggest that fisheries exploitation not only 

affects target stocks but also the other marine organisms, ecological processes, and the entire 
ecosystem.  Social activists and the NGOs they represent, consider such impacts a cause for 
concern, because the loss of biodiversity that can result is largely irreversible. In the light of 
global mismanagement of commercial fisheries, conservation groups advocate a number of 
measures to supplement– not replace – conventional fisheries management regimes  (Agardi, 
2000).   
 
Priority VI: Sea Based sources of Pollution 
 

The mining of sand from the coastal seabed results in an increase in turbidity in the 
ambient waters, which affects primary productivity by limiting the availability of light.  The 
increase in turbidity also affects benthic organisms.  Areas off Orissa, and North Andhra 
coasts are potential offshore mining sites for placer minerals like illuminite, rutile, zircon and 
silmenite. 
 
 Considering the large volume of oil transported and increased ocean traffic, the 
probability of tanker accidents is high.  The last major accident in the area occurred in 
January 1993 when a few thousand tonnes of oil spilled into the Andaman Sea. During the 
southwest monsoon, oil spills occurring between longitudes 68 and 76 degrees east will tend 
to drift towards the Lakshadweep islands and the Kerala coast.  Any accidental spillage of oil 
along the tanker route will cause severe and in some cases irreparable damage to the marine 
ecosystem. 
 

Oil pollution results from the transport, storage and refining of crude oil, leakage 
from the ships/fishing trawlers, production of petrochemicals, etc. Other sources of oil 
pollution in the marine environment are tanker accidents (38 per cent), river runoff (29 per 
cent), natural seepage (18 per cent), coastal municipal wastes and non-petroleum industries (8 
per cent), urban runoff (5 per cent), offshore exploration and production (1.5 per cent) and 
coastal refineries (0.5 per cent).  In India, the total crude oil production from the offshore area 
is 20-25 million tonnes per annum.  The ecosystems worst affected by oil pollution are the 
coral reefs in Andaman-Nicobar and Lakhsadweep group of islands. 
 

The operational discharges from ships and tankers do not cause any large-scale 
damage to planktonic organisms.  However, if the discharge is closer to coral reef ecosystems, 
the thin film of oil formed on the surface could prevent air-sea interaction resulting in 
decreased oxygen levels, which will have an adverse impact on the survival of corals and 
other associated organisms. 
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 Even though very few oil spill incidents have occurred in Indian waters, the damage 
caused to the marine environment on such occasions are alarming.  Oil spills cause mass 
mortality of corals, lobsters and crabs in the area, besides its deleterious impact on marine 
ecology, operational problems to several coastal industries like power plants, coastal 
refineries and shipping. 
 
 The offshore exploration and exploitation of hydrocarbon reserves have been in 
progress since 1976.  The oil platforms discharge operational wastes like mud slurry, which 
also contain traces of oil in the surrounding environment.  The slurry kills organisms in the 
ambient marine environment due to the lowering of oxygen levels in the surrounding areas.  
Studies on the impact of such waste disposal have revealed that it has a localized adverse 
impact on the ambient marine environment. 
 
 At present, activities related to the breaking of ships along the east coast of India are 
restricted to some pockets, as the major ship breaking yards are in the West Coast at Along in 
Gujarat.  During ship-breaking, major components like the engine are removed and offloaded.  
The hull and other steel parts are broken down into scrap.  During these activities, iron 
particles and paint containing lead get into the marine environment.  While the soluble matter 
contaminates the surrounding environment, the iron and other particles settle in the sediment.  
Increased concentrations of lead in seawater are lethal to organisms and the iron debris harms 
benthic organisms particularly filter feeders like clams and mussels.  The oil residue from 
engine parts also contaminates the ambient marine environment.   

 
Coastal thermal power stations in places like Chennai and Tuticorin dump fly ash 

into the adjoining sea.  Fly ash increases the turbidity of seawater, which affects primary 
production.  The particles also settle over the seabed and kill sedimentary organisms. In India, 
the fly ash generation per annum has increased from two million tonnes (1947) to more than 
60 million tonnes (1995-96). It has been estimated that presently 100 million tonnes of ash is 
being generated by coal-based thermal power plants. The disposal of fly ash in wet form not 
only requires huge area for disposal but also causes environmental problems related to air and 
water pollution. It is estimated that 56000 acres of land will be required for disposal of total 
ash against the present rate of utilisation (less than 3%).  
 

The main activities in the harbours such as fish handling, marketing, bunkering and 
repair generated pollutants in proportion to the size of the fleet and the number of people 
using the harbours, oil leaks, bilge discharge, fish waste, garbage, inflow of industrial 
effluents, and sewage discharge are the main forms of pollution. 

 
It is estimated that 4.4 million tonnes of hazardous wastes are generated in the 

country. These contain substances that are toxic to plants and animals or are corrosive, 
flammable, explosive or highly reactive chemically. The major industries that produce 
hazardous wastes include metals, chemicals, petrochemicals, leather tanning, petroleum 
refineries etc. Hazardous Wastes are generally disposed off in secured landfills. Highly toxic 
wastes are destroyed by incineration preceded by concentration. However, it has also been 
reported that secured land filling of hazardous wastes is not as common as uncontrolled 
dumping thereby posing to environment & public health.  
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5. Threats of Transboundary Nature on the Health of Coastal/Marine 
Areas and their Living Resources 

 
A number of transboundary issues relating to the health of coastal and marine areas 

and marine living resources, which could be very clearly identified on the basis of the analysis 
furnished in the previous chapters in the BOBLME region, which are listed hereunder. 
 
Land Based Sources of Pollution 
 
 The first and foremost area, which needs to be given priority, is to address the issues 
related to the impact of land based sources of pollution on the coastal and marine areas of the 
neighbouring countries in the region.  The south Tamil Nadu coast is in proximity with Sri 
Lanka and it shares the resource in Gulf of Mannar and Palk Bay to a large extent.  The 
discharge of untreated urban, industrial, agricultural and radioactive waves from one country 
could impact the other neighbouring country as well.  Since some of the marine organisms, 
which have commercial value and form the basic food for thousands of coastal community, 
have the capacity to absorb, assimilate and bio-magnify some of the lethal contaminants 
particularly, the heavy metals in their tissue.  This could create public health problems to a 
large majority of the coastal community and also to the fishing community themselves, who 
are co-existing with the highly contaminated harbour areas, fish landing centres, industries 
and sewage based points.  Similarly, in the north east coast, 2/3rd of the Sundarbans forest rich 
in mangrove and biodiversity lies in Bangladesh and 1/3rd in India (West Bengal).  Heavy 
metal contamination and sedimentation are the major concerns in having impact on the 
common shared resources of Bangladesh and India (West Bengal).  The Bay of Bengal is 
treated virtually as a sink for the organic and inorganic wastes and a recipient of silt and 
sediment from the deltaic region spanning thousands of sq. km particularly in the Gangetic 
and Brahmaputra basin.  The major transboundary issue therefore, between India, Sri 
Lanka and Bangladesh is the urban and industrial/chemical/agricultural pollution from 
the land based sources and the siltation and sedimentation through land/ river runoff, 
which again is land based. 
 
 The first priority area of action of transboundary nature is to control pollution 
by adopting proper urban and industrial waste water treatment strategies/action plan, 
before the waste water is discharged into the open sea, besides continuous monitoring of 
pollution and prescribing standards for waste water/industrial waste discharge into the 
open sea and the coastal areas.  If the coastal and marine environment is kept clean by 
improving its health, there is every possibility that there will be a recovery of the entire 
coastal area, paving the way for improvement in the ecosystem and rejuvenation of the 
resources that have been either lost or that have declined.  It will also improve the quality of 
life for the coastal community in the BOBLME region. 
 
Disparity in legislative measures in the BOBLME Countries 
 
 There are some disparities in the legal instruments for protection, conservation and 
development of the coastal and marine environment and its living resources within the 
BOBLME countries.  For example, there are some disparities between the Wild Life Act of 
India (Tamil Nadu) and Sri Lanka.  Some of the species protected by India are not found in the 
list of Sri Lanka. When India is protecting them, Sri Lanka, bordering the Palk Bay and Gulf 
of Mannar Reserve which has shared resources with India, if allows indiscriminate 
exploitation of such resources, it would lead to depletion of the resources and elimination of 
some of the species that needs to be protected in the greater interest of both the countries.  
A comparison of the legal mechanism prevailing in some of the Bay of Bengal Region has 
been made in Chapter-8 of this report. A perusal of the rules and acts indicate that most of 
them are corroborating with the rules and acts enacted by Government of India for protection, 
conservation and management of the coastal and marine environment and their living 
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resources, for want of detailed information on some of the intricate aspects of the acts and 
rules enacted by other countries, it has not been possible to find out as to whether there is any 
disparity in the provisions of these acts in various countries. However, from the example cited 
above with respect to the Wildlife Act between India and Sri Lanka, it is concerted opinion of 
some of the Wildlife Wardens of India that there should be some uniformity in the legislation 
and the regulatory mechanisms among the BOBLME countries for conservation and 
protection of the shared resources. 
 
Over capitalization 
 

In any country where there is open access to the resources for nationals, there is little 
incentive for individual fishermen to conserve the stocks. As stocks become fully utilised, 
competition among fisherfolk often leads to depletion of resources, severe over-capitalisation 
and lower earnings for individual operators. 
 
 As a global phenomenon, overcapitalization in world marine fisheries appears to be a 
relatively new phenomenon, dating from the late 1980s and following a decade of very intense 
fleet development. FAO data indicate that nominal fleet size seems to have peaked during the 
mid-1990s. However, actual fishing capacity may still be increasing if one takes into account 
the improvement in efficiency and refitting of older vessels. 
 
 Overcapitalization in world fisheries came about progressively as a result of various 
factors (FAO, 1999), such as: 
 
v The resilient profitability of fishing activities whereby technical progress and relative 

price inelasticity have largely compensated for diminishing yields in overfished fisheries; 
v The effect of the extension of maritime areas under national jurisdiction on private and 

public investment strategies and of related “nationalization” policies, generally 
accompanied by sizeable subsidization programmes; 

v The relative mobility of harvesting capacity, which allowed for a pervasive spill-over of 
excess capital among fisheries, both within areas under national jurisdiction and on the 
high seas; 

v The changing nature of the industry, which is increasingly competitive and capital-
intensive, with markets that are now largely based on internationally traded commodities; 
and above all, 

v The failure of fisheries management in general, and of commonly used management 
methods in particular, such as total allowable catch (TAC) and other methods which aim 
essentially at regulating the catch rather than the harvesting capacity itself. 

 
In all the countries of BOBLME region overcapitalization in one form or the other has 

been existing in fisheries. It is reported in Malaysia, the past generous subsidies granted to 
their fishers in the form of motorized fishing boats and other fishing equipment has given rise 
to overcapitalization of fisheries (Chong, 2000). If a similar yardstick is applied to the 
conditions prevailing in India wherein also subsidies have been given to the fishermen for 
motorizing the fishing crafts and acquisition of fishing equipment, then in India also there is 
overcapitalization in the fisheries sector. Similar is the condition in the other BOBLME 
countries also. 
 
Illegal, unregulated and unreported fishing 
 
 One of the transboundary issues is illegal, unregulated and unreported fishing 
(discussed elsewhere in the report). The problems of IUU Fishing are confounded by the 
problem of poaching by the vessels of the neighbouring countries in the EEZ of others. Strict 
regulatory measures therefore should be in place for regulating these uncontrolled fishing 
activities, including poaching by foreign vessels.  There should be a restriction on trawling or 
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ban on trawling in the zones earmarked for fishing by the traditional fishers for subsistence 
fishing, so that it could help the traditional fishing community.  
 
Habitat Destruction 
 
 The other critical issue of transboundary nature is the habitat destruction along the 
coastal areas, particularly mangroves, coral reefs/sea gross beds, etc.  Some of the countries of 
the South Asian Seas Region, who are also members in the BOBLME programme, are 
cooperating and participating in various activities concerning the protection of coastal critical 
habitats from human intervention.  South Asian Cooperative Environment Programme, 
Regional Seas Programme, Global Programme of Action, etc., are the three major 
initiatives the BOBLME countries are participating in and exchanging 
information/expertise and knowledge on protection of the coastal and marine 
environment and its living resources.  In addition, we are also participating in the Global 
Coral Reef Monitoring Network and our own initiative of Indian Coral Reef Monitoring 
Network, National Biodiversity Conservation Strategy and Action Plan, etc. for 
protecting these critical habitats.  The mangrove resources of Sundarbans, as already 
mentioned, are a shared source between India and Bangladesh.  Similarly, in the Gulf of 
Mannar and Palk Bay, the coral reef, sea grass beds and related resources are shared 
between India and Sri Lanka.  Conservation of biodiversity in these ecosystems will be 
beneficial to the entire humanity in the BOBLME region as well as in the adjoining 
areas.  These common issues need to be considered for improving the ecological condition of 
critical habitats, which will help in improving the coastal fishery in these areas. 
 
Over-fishing and unsustainable fishery practices 
 
 Over-fishing and unsustainable fishery practices besides illegal, unregulated and 
unreported fishing are the other areas of concern in the region, particularly in India, Sri 
Lanka, Bangladesh, Myanmar.  The unregulated collection of shrimp seed from the vast 
expanse of Sundarbans is a major concern for India and Bangladesh.  While India (West 
Bengal) has banned the collection of shrimp seed from the Sundarbans area, there appears to 
be no such measure existing in Bangladesh.  Resource conservation programmes should be 
undertaken and implemented jointly between two neighbouring countries if the resources are 
shared between them.  Therefore, it is of paramount importance that there is uniformity in the 
rules and regulations governing the conservation and management of the shared resources.  
This calls for a joint action between India and Bangladesh, through which the shrimp fishery 
resources in West Bengal and Bangladesh coastal waters could be protected. 
 
Over-exploitation of the coastal resources 
 
 Over-exploitation of the coastal fishery resources is a very common phenomenon in 
all the BOBLME countries, owing to the fact that the coastal areas are more productive than 
the inshore waters.  Almost all the fishing communities of the BOBLME countries are 
subsistent fishers, who eke their livelihood only through fishing, in majority of the cases 
without any additional source of income.  This forces the fishermen to resort to over-
exploitation of the resources and use destructive and unsustainable means of resource 
exploitation.  Over-exploitation of this coastal fishery resource is common to India, Sri Lanka, 
Bangladesh and Myanmar, which are neighbours.  A suitable action plan should be drawn up 
for conserving these resources and preventing over-exploitation of the resources and for 
implementation of the FAO Code of Conduct for Responsible Fisheries and Ecosystem based 
Fisheries Management with a regional perspective, for which also a master plan needs to be 
evolved. 
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Shared Stocks 
 
 There are a number of fishery resources, which are shared between the BOBLME 
countries.  Matrosubroto and Willman (2003) have listed a number of potentially shared 
stocks between the BOBLME countries, as detailed below: 
 

No. Fishery Resources Countries 
1. Indian mackerel (Rastrelliger kanagurta) India – Sri Lanka 
2. Oil sardine (Saradinella longiceps) India – Sri Lanka 
3. Little tuna (Euthynus spp., Thunnus spp.) Indian - Sri Lanka – 

Maldives 
4. Spanish mackerel (Scomboromorus spp.) Indian – Sri Lanka 
5. Shad (Hilsa ilisha) India – Bangladesh 
6. Shrimp (Penaeus spp.) India – Bangladesh 

 
 Most of these shared stocks are from the group of small pelagics, whose abundance 
usually depicts strong inter-annual fluctuation and is subject to climate changes.  They further 
opine that the high variability in both stock abundance and migratory behaviour pose a 
particular challenge in their collaborative management.  For sustainable exploitation of the 
small pelagics, joint management strategies for resource conservation and management 
will be required between India, Sri Lanka, Maldives and Bangladesh. 
 
 Even though it is felt that the highly migratory tuna and tuna-like fishes are of 
particular importance in Maldives and Sri Lanka only, India has also a share to 
contribute.  Review of available information on the potential of some of the pelagic tunas, 
sharks and deep sea lobsters, deep sea squids/cuttlefish and deep sea shrimps revealed that 
their potential within the EEZ or outside of these BOBLME countries is either under-
estimated or yet to be assessed on scientific lines.  In the Andaman & Nicobar waters within 
the Indian EEZ and in the adjoining high seas, the tuna resources, are plenty, which are 
poached upon by the neighbours, but India is yet to take any tangible steps either to explore or 
exploit these resources. 
 
 For evolving a proper strategy and action plan for these under-exploited 
resources, we need to have a realistic and scientific assessment of these resources at the 
first instance, followed by augmenting our capabilities and infrastructure for these 
deep-sea resources.  A joint programme between India, Sri Lanka and Maldives for 
tuna between India and Sri Lanka for Indian Mackerel, Oil sardine, Spanish mackerel, 
between India and Bangladesh for Hilsa and shrimp could be considered. 
 
Introduction of Alien species 
 
 Studies carried out in several countries have shown that many species of bacteria, 
plants and animals can survive in a viable form in the ballast water and sediment carried in 
ships, even after journeys of several months’ duration. Subsequent discharge of ballast water 
or sediment into the waters of port States may result in the establishment of harmful aquatic 
organisms and pathogens which may post threats to indigenous human, animal and plant life 
and the marine environment. Although other media have been identified as being responsible 
for transferring organisms between geographically separated water bodies, ballast water 
discharge from ships appears to have been among the most prominent. (IMO, 1997). 
 
 The potential for ballast water discharge to cause harm has been recognised not only 
by the International Maritime Organisation (IMO) but also by the World Health Organisation 
(WHO), which is concerned about the role of ballast water as a medium for the spreading of 
epidemic disease bacteria. 
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 Ballast water is seawater or fresh water pumped into ballast tanks for stabilizing the 
ship. The water is carried along with the ship and it contains animals and plant community 
from the originating country. Hence, it is a major source of exotic aquatic organisms. 
 
 About one third of the aquatic species in the Great Lakes of North America are 
reported to be introduced with ballast water. A recent study in Oregon Bay, USA showed 367 
types of organisms from ballast water of ships arriving from Japan over a 4-hour period. In 
Canada and the United States, exotic aquatic invasion due to ballast water has been place on 
the “top 10” list of environmental problems. 
 
 The unwanted aquatic organisms transferred in ballast water can have disastrous 
ecological impacts. They can wipe out native aquatic organisms. They can also introduce 
exotic pathogens to new locales. The Zebra mussel (Dreissena polymorpha) introduced along 
with ballast water to Great Lakes of North America has caused widespread impact because of 
high densities, rapid spread and potential ecological effects on freshwater ecosystems. 
Municipal and industrial water users were expected to spend between $2 billion to $3 billion 
by end of last century to clean the clogged water intake due to this mussel. 
 
 Introduction of marine species into new environment by ship ballast water, attached 
to ship hulls and via other factors is one of the major concerns of the region, as the Bay of 
Bengal is one of the main international route for the movement of oil tankers and 
cargo/passenger ships. 
 
Oil Spills 
 

In addition to offshore oil exploration and production activities, transfer operations of 
oil at single buoy mooring stations, as well as lightening and bunkering operations in major 
ports, cause spillage of oil particularly during accidents.  Besides such oil transfer facilities in 
India, the “lightening operations” carried out in the rest of the South Asian countries and the 
neighbouring countries of the BOBLME region may also add to oil pollution in Indian waters. 
Oil Spill therefore, is another issue of transboundary nature, which needs to be considered for 
mitigation at regional level. 
 
Sediment transport 
 

Often rivers carry heavy sediment loads, in particular if the basin is suffering from 
inappropriate land use and erosion. The East Coast of India faces severe siltation and 
sedimentation due to construction of harbours, ports and breakwaters, the littoral drift 
associated with the shoreline changes, having an adverse impact on the coastal and marine 
areas and their resources. The Sedimentation also leads to obstruction of the connection 
between the river systems and the sea leading to loss of resources and consequent decline in 
the income of coastal fishing community. Sediment transport between neighbouring 
countries in the BOBLME region, particularly Sri Lanka-India-Bangladesh will have an 
adverse impact on the shared resources of these countries particularly, in the Palk 
Bay/Gulf of Mannar and the Sundarbans. 
 
Ocean debris 
 
 As reported earlier unexpected quantities of marine plastic debris have been observed 
in the Great Nicobar Islands. The floating plastic is regarded as a potential endocrine 
descriptor. This is a potential hazard to the leatherback turtles and their hatchlings. The 
marine debris also contributes towards the movement of alien species, such as small 
crustaceans, plankton, algae, bacteria and fungi from the neighbouring countries. Due 
improper handling of the solid waste, defying the provisions of marpol 73-78, the marine bio-
invasion takes place. The sea surface currents prevailing in a particular region might have 
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resulted in debris being circulated continuously in the open sea and the coastal areas, get 
washed ashore in Indian coastal areas. It is inferred from the some of the studies conducted by 
the Department of Ocean Development in Andaman and Nicobar Island that the garbage 
generated in the coastal areas of Indonesia, Malaysia, Singapore and other South East Asian 
countries and by the international shipping services, is not disposed off properly but it is 
dumped into the sea directly. Since it is an international crisis, curbing the problem of marine 
debris and the resultant introduction of alien species, needs to be taken up on the regional 
basis among the countries bordering BOBLME. 
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6. Causes of these threats to Coastal & Marine Environment  
 
6.1 Natural 
 
Causes and Consequences of Climate Change 
 

Over the past century, mean global surface temperature has increased by 0.4 to       
0.8 °C, for which the green house gases released by the human action are likely to have been 
responsible. Sea level rose 10 to 20 cm over the past century.  Droughts have become more 
frequent and intense in Asia and Africa.  Many of the world’s coral reefs have been damaged 
by bleaching associated with high sea temperatures.  Animals and plants have shifted their 
geographic regions and behaviour.  If unchecked, these impacts are predicted to intensify 
further, posing risks of various kinds for different countries in the present century.   
 

Furthermore, climate change has the potential to exacerbate human threats.  
Empirical evidence suggests that corals possess a wide range of adaptive and accumulative 
mechanisms, and that most of these mechanisms appear relatively robust and/or resilient in 
the face of stress. However, the huge variety and magnitudes of anthropogenic threats to reef 
environments are likely to undermine this resilience, particularly when coupled with the 
effects of climate change.  
  

Global warming is projected to increase the frequency and intensity of hurricanes 
and cyclones, which can seriously damage reefs with high winds and waves. Tropical 
cyclones may increase by 10-20 % over the next millennium, though the accuracy of such 
predictions is controversial. Precipitation can also be affected, with more rain falling in 
extreme events, resulting in periods of intense flooding and extreme drought. Increases in 
the frequency and magnitude of floods are likely to increase levels of turbidity, nutrient 
loading, and other pollutants entering the coastal and marine ecosystem.  Droughts often 
cause large dust storms, and it has been speculated that deposition of this dust in the ocean 
can damage reefs by changing the balance of nutrients in the water, and reducing the amount 
of light available for photosynthesis.   
 

Since Andaman and Nicobar Islands lie in the monsoonal belt, most of open reefs 
grow in the direction of monsoon winds and they are either level growing or sloped.  The 
reefs in the channels between the islands or in bays are protected from winds and grow flat 
ending usually into steep slope unlike windward reefs.  Physical damages to reefs, a 
consequence of rough weather and high waves, have been observed in many reefs facing open 
sea (e.g. Chidiatapu, South Andaman, Little Andaman, east coast of Great Nicobar).  The 
cyclonic weather usually occurring in November – December also caused damages to corals, 
uprooting the colonies and breaking the branches of coral colonies (Soundararajan, 1997). 

 
The coral-eating crown-of-thorns starfish Acanthaster has had many outbreaks 

in the past decade throughout the Indian Ocean and Southeast Asia.  Within the protected 
area of Andaman & Nicobar Islands, a large number of coral colonies were eaten away by the 
star fishes during 1989. After 1989, it was not noticed in alarming numbers in many of the 
reef areas surveyed.  Out break of disease also caused damage to coral reefs.  
 

Bleaching of corals involves expulsion of the single-celled algae (Zooxanthelle) by 
the corals, which normally live in their tissues, and on which they depend as a major food 
source.  Increasing cases of widespread bleaching may be a consequence of global warming. 
A worldwide bleaching event in 1998, associated with El Nino, harmed 16% of the world’s 
coral reefs, with possibly half of them damaged irreversibly.  Another 32% are thought to be 
threatened over the next 30 years and 11 % have already been lost. 
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There is a risk of catastrophic consequences of climate change that could be 
irreversibly set in motion. Biodiversity losses could be massive as habitat fragmentation 
makes it impossible for plants and animals to migrate in response to rapidly changing 
temperatures.   
 

If the world is to stabilise atmospheric concentrations of gases and provide good 
living standards to all its citizens, it must switch in the long run to energy technologies such 
as wind, solar power, and hydrogen, among other things that emit near-zero net amounts of 
carbon-di-oxide.  To reduce the damage caused by Green house gases (GHGs), there is a 
need to accelerate the shift to lower emissions energy technologies, increase the efficiency of 
energy use, and reduce the emissions of GHGs. We need to act now for reducing the 
emissions. 
 

Habitat destruction is the process by which habitat quality for a given species is 
diminished.  Conceivably, habitat quality is a less extreme environmental change than 
complete loss of habitat.  It is likely that changes occur in habitat quality due to climate 
change.  Many species will not be able to redistribute themselves fast enough to keep up with 
projected climate change, and considerable alterations in ecosystem structure and functions 
are likely (Ayyad, 2003). 

 
Low lying islands and coastal areas everywhere will be exposed to flooding and 

storm surge and consequent damage to life and property.  As coastal populations swell 
world-wide, a 40-cm rise in the sea level would increase the number of coastal dwellers 
at risk of annual flooding by 75 to 206 million – 90% of them in Africa and Asia. 
 

In India nearly 150 million are prone to cyclones, storm surges etc., along the 
coastline.  Bay of Bengal is one of the five cyclone prone areas of the world.  The coastal 
regions surrounding this bay are frequently affected by flooding from the sea as well as from 
the rivers due to tropical cyclones and related storm surges and heavy rainfall.  During 1990-
95, more than 1100 lives and property worth Rs. 23,000 million were lost in Andhra 
Pradesh alone, over 500 lives and property worth Rs. 5800 million were lost in Tamil 
Nadu and in Orissa the super cyclone of 1999 devastated the entire coastline particularly 
Paradip area, rendering millions of people homeless and leading to heavy loss of human 
life (Ramachandran, 2001).   
 
Storm surges 

 
Under storm surge conditions seawater often floods vast land areas, not only 

those adjacent to deltas or riverbanks. Seawater penetrates far inshore and often destroys 
crops, livestock, infrastructure, and housing and may cause numerous casualties. The effects 
are often long-term, as damages are sometimes not overcome before the next storm 
surge event and agriculture land is salinised. If storm surges occur at times of spring 
tide and coincides with heavy and persistent rainfall in the river basin very serious 
flooding and damages can result. In some regions, characterised by very flat and low relief 
will experience aggravated damages. 
 
Floods 
 

The effect of river floods on coastal areas is normally the damage to urban 
housing, roads, bridges and other infrastructure in towns. They can give rise to serious 
health problems when sewage systems and water supplies are interrupted and when stagnant 
pools of heavily polluted water are formed. Floods often destroy the low-lying agricultural 
land in coastal areas by topsoil erosion or depositing unfertile sediments. And they may 
cause significant chocks to the coastal ecosystems. 
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Along the east coast erosion occurs in all the states, but only moderately.  In Tamil 
Nadu about 80 km of the coastline is affected, in Orissa about 30-40 km and in West 
Bengal, in 180 km.  The rate of erosion is reported to be as high as 30 m per year. 
 
Increase in river water levels due to tides 
 

The upstream effects of tides are related to flooding and saltwater intrusion in 
deltas. Saltwater penetrates into deltaic watercourses and may flood low-lying delta lands. 
The lower the upward gradient of the delta is, the more pronounced are these effects. The 
coastal ecosystems will have adjusted to this cyclical effect, but alterations of the coastal 
morphology may lead to saltwater intrusion further inland (accentuated at times where 
river flow is reduced due to drought or excessive consumptive use upstream). Such situations 
will have adverse effects on the near inland ecosystems. 
 
Material transport along coastlines 
 

Transport of material i.e. erosion, accretion, sedimentation, re-suspension 
phenomena along shorelines affect all coastal states. Enormous amounts of material take 
part in this process.  Material, which sediments and blocks the estuaries, can cause 
flooding in upstream rivers and prevent or disturb navigation. 
 
6.2 Manmade 
 
Poverty, illiteracy and lack of awareness among coastal community 
 

One of the major causes of threats to the coastal/marine ecosystem and the living 
resources therein could be attributed to poverty among the coastal community.  Whether it is 
habitat destruction particularly denudation of mangrove forests for fuel, fodder, or collection 
of shells, coral reefs, fishes, etc., besides coastal fishing, seaweed collection etc., all these are 
subsistent activities and the income they get out of these activities is grossly insufficient to 
make both ends meet.  Poverty often compounds the problems of diminishing resources.  
In extreme cases, in an effort to maximize individual gains increasingly desperate fishers 
use illegal, destructive fishing gears including dynamiting, cyanide and other poisonous 
substances, beach seining, small meshed nets for catching even the juveniles and 
untargeted species.  Poverty is further confounded by illiteracy among the fisherfolk and 
coastal community.  It is rampant through out this region.  The literacy level among the 
coastal fishing community is not more than 10 – 20%.  The school drop outs are very 
common among the fishing community, as the child labour in fishing activities takes 
priority over education. 
 
 Another major causative factor for these threats is lack of awareness among the 
fishing community on the rules and regulations and the provisions of various acts 
promulgated by the Government from time to time on conservation, protection and 
management of the resources.  Lack of awareness is coupled with lack of proper 
enforcement mechanisms in the administrative departments concerned with coastal 
environment and protection, fisheries, forests, wild life, etc.  It is felt that invariably most of 
these rules and regulations remain on paper and takes years/decades for these rules and 
regulations to see the light of the day when it comes to strict enforcement. 
 
Population pressure 
 

The impact of economic development on the environment has been a cause of 
concern amongst many for quite some time.  By 2000 AD, in a number of Asian, African and 
American countries, the population has either tripled or quadrupled, putting greater pressure 
and stress both on land and water resources.  Unsustainable lifestyles of the affluent 
sections of this population and the possible inability to meet the genuine needs of the 
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poor for food, fuel, fodder and water have contributed to the general degradation of the 
environment in the recent years. 
 

Root causes and main threats to biodiversity include:  population growth, 
inequity and inadequate economic policies, and institutional systems.  In addition, there 
are other direct threats viz. habitat degradation and fragmentation, over-exploitation of the 
biological resources, introduction of alien species and agricultural practice.  

 
The building construction and other constructions like roads, wharfs, jetties etc., 

require a lot of sand and hence with increased human settlement and other development 
needs, the pressure for sand mining and quarrying has increased substantially in 
Andamans.  At some locations the sand mining has led to erosion of the seashore.  Similarly 
the dredging activities and dumping of sawdust in the vicinity of Port Blair reef have almost 
destroyed the reef beyond recovery. The jetty constructions at some places like Pongibalu and 
Havelock Island have affected the nearby coral reefs where corals had died due to smothering 
 
River discharge 
 

The regime of river discharges has a profound effect on the salinity conditions in the 
river mouths, estuaries, deltaic areas, lagoons, mangroves and coastal wetlands. Persistent 
alterations in river flows and flood situations may bring about significant changes and impacts 
on eco-systems. 
 

Decrease of river flow due to river basin development or land use changes will 
affect the lower reaches and cause increased tidal reach in land along with increased 
saltwater intrusions. If the salinity increase persists, permanent damage can be done to 
agricultural land, specialised ecosystems and wildlife habitats. This again negatively 
affects the livelihoods of communities in the affected areas. Also, sources for water supply 
to the coastal population can become invaded by saline water. 
 
Sediment transport 
 

In the coastal zone, the sediment carried by rivers will settle in the deltas and 
estuaries. Here the deposited material is the basis for productive ecosystems (mangroves, 
mudflats, sea grass beds). In many regions the finest silt, which is washed out to the sea 
supports very productive pelagic ecosystems. But excessive sediment load may also have 
detrimental effects through eutrophication and subsequent alteration of the coastal 
ecosystems. 
 

In other areas sedimentation in the coastal areas tends to block estuaries and 
river mouths and cause relocation of the main river channel. This creates serious 
problems for coastal communities in terms of town locations, navigation, etc., and 
destroys productive ecosystems.  
 

Sediment accumulation and re-suspension in water is a natural process that can 
be greatly impacted by anthropogenic activities and by naturally occurring events 
including volcanoes and hurricanes. Sedimentation can affect growth rates, calcification 
rates, species richness, and zonation patterns. It can be difficult to distinguish between direct 
impacts of sediment and indirect impacts through reduced light or salinity levels. 
Susceptibility to sedimentation varies among species, small polyp species and plate-like 
growth forms. Sediment load changes the limit of the euphotic zone (the depth at which 
photosynthesis ceases to occur) and there are areas where the reef lies below the euphotic 
zone. Continued sediment input may change the distribution and diversity of the reefs in Gulf 
of Mannar and Andaman & Nicobar Islands which need to be monitored. 
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7.               Socio-Economic and Gender Issues related to Coastal and   
                                                                                Marine Environment 
 
7.1 Social Security for Fishing Communities 
 
 State-wise figures of coastal population and other demographic features in the east-
coast states are given in Table-7.1 
 
Table 7.1: Coastal population, Decadal Growth and Literacy (as of 1991) in the East- 
                  Coast States of India 
 

Name of State No. of Coastal 
Districts 

Total population 
(million) 

Decadal 
Growth 

Literacy 
percentage 

West Bengal 2 14.05 24.53 57.72 
Orissa 4 15.01 19.50 48.55 
Andhra Pradesh 9 28.65 23.82 45.11 
Tamil Nadu 8 21.99 14.94 63.72 
Andaman & Nicobar 2 2.80 48.70 67.15 
Pondicherry 1 0.80 30.60 74.91 

  
Large population and low wages, particularly among the lower income groups, 

make India one of the poor countries with 320 million of its population still remaining 
below the poverty line. In case of coastal areas, the population below the poverty line is 
estimated to be 64 million (Planning Commission, 1999). 

 
The export orientation given to fish and fishery products has led to greater levels 

of commercialisation of the fish economy.  The new income is important to meet the new 
costs associated with the altered technology and other investments needed to match the 
expanding market opportunities.  This contributed to a decline in the levels of caring and 
sharing which had once characterised the low-level economic equilibrium of these 
communities.  Many of the traditional, community-conceived safety nets have become 
casualties of this process of commercialisation.  In most developing countries, no modern 
social security measures have taken their place. Consequently, the new context that 
confronts many fishing communities in developing countries is the juxtaposition of rich 
fishery resources, contributing huge amounts of foreign exchange to national coffers, 
with poor fish workers that labour to provide it.  (Kurian, 2000). 
 

The main problems in the coastal areas relate to drinking water, sanitation and 
health care. The situation prevailing in the South Asian Seas Region with reference to access 
to sanitation is given in the chart (Fig. 27), which indicates that in the year 2000, hardly 35% 
of the population had access to sanitation. If proposed action by the government and other 
organisations to solve these problems is to be sustainable, fisherfolk should take part in the 
solution strategies. It should be possible for some maintenance jobs such as garbage 
collection to be assisted, organized or facilitated by community members with a minimum of 
training. We should build community awareness towards self-reliance. (Verduijn, 2000). 

               
An integrated capability for disaster management, which includes 

communication, decision and the immediate mobilisation of resources by all the agencies 
at various levels of government, has been established in India. The Meteorological 
Department maintains a Cyclone Warning Division at New Delhi with Cyclone Warning 
Centers located at Kolkata, Chennai, Bhubaneshwar, Visakhapatnam, etc.  In addition to 
the dissemination of warnings through traditional communication mechanisms, a new 
warning system using Indian Satellites (INSAT) has also been established. The coast 
guard is the lead agency for search and rescue operations relating to artisanal and small-scale 
fishers. 



 159

 
South Asian Seas Region - % of popultion with access to 

sanitation

25

37

0

10

20

30

40

50

60

70

80

90

100

Pe
rc

en
ta

ge % in 1990

% in 2000

 
Fig. 27. Percentage Population with access to sanitation 
in South Asia Seas Region (including India) 
(UNEP,2002) 

The Government supports 
and renders all possible assistance 
for the welfare of the coastal 
fishing community under its Plan 
Schemes/Programmes. These 
programmes address issues like 
insurance, accident disability, 
provision of housing and water, 
credit for procurement of fishing 
equipment and savings scheme to 
provide income during closed 
fishing seasons. 
 

 

In terms of enhancing the safety of artisanal and small-scale fishermen in India, 
there is a need to harmonise resource management framework between the respective 
states, develop and strengthen the enforcement of the minimum safety levels required on 
all vessels, and also the development and enforcement of safety related competency 
standards. 

 
For the success of any conservation activity, the people should be roped in and 

entrusted with some powers to make it a people’s movement.  Such types of conservation 
activities have not yet emerged in India. Women are not given adequate priorities in 
environment related programmes in India. One of the major constraints being faced by 
women is that no organised sector is coming forward to give any loan facility or financial 
support to them to undertake such environment related works. 

 
During the discussion with different stakeholders at grass root level across the 

Bay of Bengal bordering States, the fishermen made a plea that the foreign exchange 
earned by them through export of marine products should be used by the Government 
for creating adequate infrastructure facilities for preservation, transportation, and 
marketing of fish; providing basic sanitary, health, educational and other facilities; and 
for training of fisherfolk on application of sustainable and environmental technologies 
recently developed by the R&D institutions.   
 

Protecting the rights of the coastal fishing communities is an important 
requirement since they are fully dependent on fisheries for their food security and 
livelihood. The fisheries administration should defend the larger interests of the fisheries 
sector against other conflicting interests from outside. This is necessary to build up a 
relationship of trust between the State and fishing communities, which is essential to 
introduce a sense of ownership for legislative and prescriptive measures amongst fishing 
communities. (Sebastian Mathew. 2000).  
 
7.2 Livelihood of the coastal fishing communities 
 

Considering that most coastal fishers – irrespective of caste, class, gender, access to 
capital and technology, geographical and linguistic background – fall into the category of the 
poor and/or vulnerable, it can be concluded that their livelihoods contribute largely to their 
poverty and vulnerability. 
 

Artisanal fishing communities are amongst the poorest groups of people. Barring a 
few exceptions (mechanised boat owners, boat-builders, ice plant and transportation system 
managers and owners, distant market traders and commission agents), the artisanal marine 
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fishing sector is largely characterised by livelihood groups that can easily fit into the category 
of poor by any yardstick. 
 

Although a sizeable number of people depend upon fisheries-related activities directly 
or indirectly, there is scant understanding in qualitative and quantitative terms about them. 
The most important issue concerning several categories of people in the fisheries sector is that 
they are practically unrecognised as fish workers. No information exists about their numbers, 
geographical spread, socio-economic status, and function, in spite of the fact that they often 
make up the largest contingent of people involved in the sector. The lack of information on 
these people is reflected in poor policy responses to their needs, and ignorance about the 
possible fallout on them of several policies targeting some other group of people in the sector. 
It is vital that a more comprehensive understanding be developed of the various categories of 
people in the sector, because it is clear that many of them also constitute one of the poorest 
marginalised and vulnerable groups in the sector and remain largely invisible. 
 

A case study conducted by Salagrama 2003, has provided a range of issues 
concerning the assets, the vulnerability context in which the coastal fishing communities in 
Orissa operate and the influence of immediate factors like policies, institutions and processes 
in overcoming or aggravating poverty in the communities. Livelihood analysis indicates that 
the key issue concerning a majority of people in the fishing communities in Orissa is 
inadequate and progressively unsustainable livelihoods, which are reflected in, and caused by: 
  
v Subsistence-based occupations, subject to fluctuations and increasing competition;  
v Dwindling access to, and availability of, natural assets;  
v Over-capitalised methods of exploitation displacing manual labour and inimical to 

sustainable exploitation of natural resource base; 
v Little or no surplus, low creditworthiness, and weakening social support networks;  
v Poor ability to cope with, and recover from, the combined impact of trends, shocks 

and seasonality effects;  
v Poor knowledge base, literacy, skills and capacity, and opportunities to maintain or 

enhance or diversify current livelihood strategies; 
v Commodity-oriented (as opposed to people-oriented) development and conservation 

programmes. 
  

Obviously, in a situation where (i) access to different assets is either uneven or 
declining, (ii) vulnerability is increasing, and (iii) development policies, processes and 
structures are either inadequate or inappropriate, the livelihood strategies adopted by the poor 
are not efficient. This in turn leads to livelihood outcomes that are anything but positive. A 
majority of fishers are consequently unable to access basic needs of life and lack security of 
existence1, i.e., they are poor, going by the conventional definition of poverty as the inability 
to secure a minimal standard of living.  
  

Poverty in the fishing communities is a direct outcome of inadequate and insufficient 
livelihoods. Food insecurity (defined as the outcome of physical unavailability, lack of 
social or economic access, and/or inadequate food utilisation) is an important manifestation 
of poverty, and their vulnerability stems from their inability to cope with changes to their 
livelihoods using the means that they have or are accessible to them. 
 
7.4 Role of Fishery Cooperatives and Other Fisherfolk Organisations 
  

There are over 8,300 primary fishery cooperative societies in India with a membership 
of about 1.14 million. For fisheries cooperatives development, the National Cooperative 
Development Corporation (NCDC), which started financing the fisheries cooperative sector in 
1972, has so far sanctioned Rs.1,747.90 million for development of fisheries. Out of 8,300 
                                                
1 Security of existence in this context means the opposite of vulnerability, and involves assured and sustainable 
access to food, social and economic security for people of all classes, castes, occupational groups, ages and 
genders in a community to confidently surmount the negative impacts of trends, shocks and seasonality.  
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primary cooperatives, 1,860 are in the marine sector. However, the growth and development 
of fisheries cooperatives in the country is yet to reach the desired levels. 
 

Some of the fisheries cooperatives still have organisational, managerial and operational 
weaknesses, making them unsuccessful, inactive or moribund. In spite of governmental support 
in terms of technical, financial and infrastructure facilities most of fishery cooperatives have 
yet to achieve their objectives. This can be attributed to the weak linkages with different 
organisations and between the primary, district and State level cooperative societies, 
federations, apex bodies, etc., lack of trained managerial manpower, lack of cooperative spirit 
among the fishermen, etc. Fisheries cooperatives are varied in nature and their functions 
generally represent half-hearted attempts to overcome problems. 
 

Hardly 10% of the total fish production is marketed by the fishery cooperatives. It 
has been estimated that the share of the fishermen of final retail sale values depends on the 
number of intermediaries and the distance between the landing centres. The fishermen’s share 
is the highest (80%) for the one-link channel, i.e., direct sale to retailers/vendors and the lowest 
(20%) in the 4-link channel (auctioneer, wholesaler, commission agent and retailer/vendor) in 
the marine sector. If the fishermen are to be assured remunerative price for their produce, 
fishery cooperatives must play a greater direct role in integrated fish marketing. 
 
7.5 Socio-economics 

 
Fishery related Socio-economic issues are both anthropogenic and nature induced.  

They are: 
 
Degradation of Habitats 
 

Due to accumulation of pollutants in the coastal waters, it is felt that over a period of 
time the habitats would be degraded affecting the living resources.  When the pollution was 
beyond tolerance limits, there was a mass mortality of fishes in Ennore estuary during 1983.  
In the Buckingham Canal, percentage of dead fishes was amounting to 70 %.   

 
 Occurrence of low dissolved oxygen close to waste disposal areas of the coast is 
likely to keep the spawners and breeders away from the coastal waters.  This is evident 
from the presence of very few eggs and larvae near polluted area like Ennore, Cooum 
and Adyar compared to clean waters off Muttukadu.  Improvement of water quality in 
creeks and rivers will definitely augment fish production. 
 
Resource Depletion 
 
 From an interaction with fishers of Chennai coast as well as other centres across 
the east coast states, it is inferred that in the coastal fisheries, there is a declining trend 
in the catch-per-unit-effort (CPUE), which is possibly due to the fishing of juveniles and 
impact of land based pollution on developmental stages of fish in near shore waters, 
reducing recruitment to the offshore fisheries. 
 
Reduction in fishery habitat due to land use changes in the coast 
 

The increase in population pressure and migration towards the coast tends to change 
coastal land use patterns in the form of areas close to the beach for urban settlement and 
tourism.  Such land use change is likely to affect the coastal fishers by depriving them 
the sea front for beach landing of their crafts, drying of nets, etc. 
 

Motorization of traditional crafts, mechanisation, use of non-conventional materials 
like plywood and fibre glass reinforced plastic (FRP) in boat-building, synthetic fishing 
gears, aquaculture, etc., have to some extent changed the life style of some of the small-
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scale fisher-folk. In majority of the cases, as indicated by the discussion with the stakeholders 
at grass root level, the literacy level has marginally increased, more and more children have 
started going to school, in some cases a few of them even have gone for pursuing professional 
courses such as Medicine, Engineering, Law, MBA, Computer Science, etc.  Transport and 
communication facilities in some cases have improved and almost every fishing village is 
electrified.  There is telephone, TV, fridge and other modern gadgets in some of the homes, 
particularly who are mechanised fishermen or fishermen turned merchants.  In almost all the 
fishing villages sanitary condition and primary health facilities are yet to improve, so also 
the supply of clean drinking water. However, it is mostly confined to the higher strata within 
the fishing communities. A vast majority of the fisherfolk are under the clutches of a 
number of market intermediaries, who exploit the fishermen, resulting in non-
remunerative price for their produce. The fishermen were even demanding display of market 
price for fish as in the case of horticulture and other agriculture products, fixing minimum 
support price for fish and fishery products and also providing the market infrastructure for 
retail sale of fish. 
 
7.6 Coastal Erosion and Accretion threatening livelihood of fisherfolk 
 

Over a period of fifteen years, a stretch of almost 400 m of the coast has been affected 
in the Pulicat lake area of Tamil Nadu.  Due to the construction of Ennore port, villages north 
of North breakwater including Kattupalli are now facing the problem of erosion.  The 
construction of Chennai Port and Fishing harbour also paved the way for coastal erosion in 
North Chennai region.  Periyakuppam and Chinnakuppam, which are fishermen villages near 
Ennore, witnessed coastal erosion causing loss of households during the year 2000.  Coastal 
defence measures created by way of stonewalls along the North Chennai coast from fishing 
harbour to Ennore has caused concern to fishers regarding berthing of beach landing boats. 
  

Accretion is also a common phenomenon in Chennai coast.  Accretion in the Ennore 
creek and Pulicat inlet channel created problems to the fishermen for taking out their boats to 
sea for fishing. 
 
7.7 Empowerment 
  
 Empowerment is a multi-dimensional social process that helps people gain control 
over their own lives.  It is a process that fosters power and responsibility (that is, the capacity 
to implement) in people, for use in their own lives, their communities, and in their society, but 
acting on issues that they define as important. 
 
7.8 Equity 
 

In any plan, equity based cost and benefit sharing should ensure that the haves pay 
major share of the costs and the have-nots receive a major share of benefits. Marginalized and 
vulnerable sections of the community should get rights to access a major share of resources 
and rights for participation and decision-making.  The plans should consciously engineer a 
higher stake for the vulnerable sections and work on poor’s resource and poor resources. 
 
 It is important to provide local people with information that they would 
otherwise not have access to, including larger policy/legal issues, perspectives and 
information from formal scientific studies, and so on.  This backdrop can contribute 
decisively to the pro-biodiversity plan that may be presented, the conflicts it might generate 
and the possible solutions one might find.  The more collaborative such a planning process is, 
the more well informed it is likely to be, and therefore also the more sustainable in the long 
run. 

 
Maintaining and protecting the ecological security of the region and enhancing 

and protecting the livelihood security of the people who are directly and most heavily 
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dependent on biological resources, should be kept in view while formulating action plans 
for conserving and protecting the coastal and marine biodiversity. 
 
7.9 Gender-Related issues  

 
Fishing and its related activities, processing and marketing, are extremely 

important activities for men and women, both for the production of food for the family 
and community, and for some small-scale income generation. The role of women in 
providing alternative sources of seafood for the family when the weather is too rough for the 
men to go for fishing, was more important in the past than now. Women are involved in much 
of the processing and marketing of the fishes the men catch. Most of the marketing is done 
in the local fish markets, which are unhygienic, and without adequate facilities for 
storing and marketing fresh fish. 

 
Fisheries development has focused on projects that support the activities of 

fishermen rather than women. This has been due to the focus on income-generating, 
commercial fisheries development, which has mainly involved men. 

 
One of the main restrictions on fisheries activities for the women is the traditional 

division of labour between men and women. Fishing is seen as the capture of fish and solely 
the domain of men. Reef gleaning or the collection of seafood at low tide by women and 
children is less important now than in the past. Despite once providing important protein for 
the community, especially when the weather was too rough for the men to go fishing, reef 
gleaning has never been considered a fishing activity. Even women’s involvement in 
processing and marketing, though recognised, has not been considered by regional and 
national agencies when planning the development and management of the fisheries. 

 
Women play a key role in the seafood industry, especially in the processing and 

marketing side, but are often overlooked when it comes to training and extending the benefits 
of welfare programmes implemented by the Government. This lack of training and lack of 
welfare measures together with a lack of expertise in seafood business operation and 
management often hampers women involved in commercial fisheries enterprises.  

 
People perhaps need to broaden their understanding of what ‘fisheries’ and ‘fishing’ 

actually mean. Fisheries activities include not just going out in boats and catching fish, but 
also collecting shellfish and other marine life from the reef and mangroves; cleaning, cutting, 
cooking and preserving seafood; sitting in the market selling seafood; and a host of other 
activities to do with marine resources that may involve both men and women. All of these 
activities should be considered when planning fisheries development as well as the 
conservation and management of marine resources. 
 

Improving information services for small scale fishermen and women, increasing 
the involvement of women in the work of the government fisheries agency, improving 
training for small-scale fishermen and women, provision of adequate livelihood security 
and welfare measures for fisherwomen and increasing education and public awareness 
on the importance of fishing communities to the overall health and well-being of the 
country, are essential requirements. 
 
7.10 Integrating gender sensitivity in biodiversity conservation & coastal/marine 

resource management and conservation 
 
The concept of Gender 
 

Gender does not concern only women but the unique social relations between women 
and men.  Whereas biological differences between women and men are universal, gender 
relations vary greatly within and between the societies and cultures and change over time.  
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Being a woman in one culture, or a community, carries with it socially determined roles and 
expected behaviour very different from those for women in other cultures and communities. 
 
Gender & Biodiversity 
 
 Gender relations have a powerful influence on how environmental resource are 
used and managed, and hence on patterns of ecological change over time.   
 
 In many rural communities throughout the world, including India, women are 
responsible for reproduction of the work force, the production of daily subsistence for the 
household, and the maintenance of the complex ecosystems and particular species and varieties 
that support agriculture, livestock, fisheries and forest production. 
 
 In the Godavari district of Andhra Pradesh, the position of Rajgond, Koya and 
Naikpod women has deteriorated greatly due to the conversion of subsistence crop areas to 
cash cropping.  Due to the women having limited control over the market or the resulting cash 
income, loss of control over production for subsistence and reduced agro-diversity has lowered 
their ability to cushion household food security against climatic and market induced shocks.  
While men can migrate in search of work, the women are left behind to provide for other 
household members in an ever harsher environment. 
 
Recognizing Women’s Strategic gender needs 
 
 Gender relations define how women and men perform different tasks for the 
household, have different levels of control over productivity resources, allocate time 
differently, have different legal and traditional/customary rights and possess different types of 
knowledge. 
 
 Women, however, are not a homogenous category and are equally differentiated by 
socio-economic status, caste, tribe and ethnicity with unequal power relations between women 
of different strata. 

 
To make National Biodiversity Conservation Strategy & Action Plan Gender 

Sensitive it should be acknowledged and recognized that a large number of rural women 
in different regions of the country already play an active role in bio-resources 
conservation as a daily engagement due to their primary responsibility for household 
welfare. An essential pre-requisite for preparing gender-sensitive action plans is that the 
institutional structures responsible for their preparation are themselves gender - 
balanced. 
 
 
 
 
 
 
 
 
 
 
Fig. 28: A view of the Fisherwomen Members of a 
Cooperative Society near Berhampur, Orissa 
participating in the stakeholders meet held on 19th 
July, 2003 

Interaction with a number of 
fisherwomen, along the east coast, 
particularly in Tamil Nadu, Pondicherry 
and Orissa has brought out a number of 
points to ponder over (Fig.28).   

 
             In an interview with the fisherfolk 
of Chinnapalam village near Pamban, the 
fisherwomen indicated that while declaring 
the Gulf of Mannar as a biosphere reserve 
and subsequently as a Marine National 
Park, the local community were not 
consulted and some of the promises made  

 

by the Forest Department and some NGOs for providing alternative sources of employment 
and income generation have not been provided.   
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This has put them further down the line, making them poverty stricken.  As and when 
detailed action plan is formulated under the National Biodiversity Strategy and Action 
Plan, the Government should keep these aspects in mind and provide the fishermen 
particularly the fisherwomen the alternative sources of employment and income.  In 
community based resource management, this aspect should be an over-riding factor as 
compared to any other issue.  The policy of the Government should be revamped, which should 
provide for involving community from the planning to implementation level and providing 
alternate employment opportunities or income generation, prior to introduction of such rules, 
regulations/restrictions and laws.  Priority should be given for consulting the local 
community, prior to enacting any legislation.   

 
The President of Sri Kandhari Amman Fisherwomen Cooperative Society in 

Pondicherry very categorically informed that nobody can stop fishermen from going for fishing 
in the sea, as it is a common property resource.  If any ban or restriction or regulation has to 
be imposed, a suitable compensation should be given to the fishing community to meet 
their daily requirements and, if no such compensation is given, no one will obey the rules 
and regulations.  She was also emphatic in her view that once the pollution from the cities 
and industries is stopped, the resources in the coastal and marine environment will 
automatically recover and there will be a plenty of resources for them to harvest.   

 
The other major socio-economic issue, which is yet to be resolved for years, is the 

role of middlemen in fish trading and consequent income loss to the fishing community.  
The entire womenfolk who were interviewed in all the east coast states were common in their 
viewpoint that for improving the quality of their product and marketing them at attractive 
prices and consequent increase in their income, provision of improved market 
infrastructure is very much essential.  The Fisherwomen’s Cooperative Societies located 
along the coastal belt, even though organizing the fisherwomen into the cooperative fold so as 
to get them the credit facilities and other support provided by the Government for uplifting 
their status, no tangible action appears to have been taken by anyone (including the fisheries 
cooperatives themselves) to eliminate the market intermediaries in fish trade.   

 
The other important issue in the socio-economic status of coastal fisherfolk is the 

social evil of “drinking”.  Almost all the fisherwomen were equivocal with respect to this 
social evil.  They indicated that their husbands spend almost the entire earning through fishing 
or any other fishery related activity in drinking, preventing them from improving their 
economic status, educational/literacy levels.  A nation-wide extension and awareness 
programme needs to be taken up by the coastal states for diverting the fishing community 
from spending their earnings in unproductive activities.  Most of the fishermen were 
interviewed, informed that they drink only as a means of relaxation after a hard day work in the 
mid sea, which gives them good sleep and relaxation.  Through the awareness programmes, 
they could be encouraged to take up meditation or yoga as a means of relaxation. 

  
Women from the fisher-folk community in Bangladesh were helped to organize 

themselves into small groups; income-generating activities for them were identified and 
implemented. Education-cum-action programmes on health, sanitation and nutrition were 
also launched. In the process, women were encouraged to discover and develop their own 
leadership abilities and to fortify themselves in their effort to better their condition. They 
were actively involved in net-making, chicken-raising, duck-raising, goat raising, fish 
culture and tree planting, fish marketing etc. Similarly in preventing health care aspects 
around 120 fisherwomen and 70 women on supplementary and weaning food were 
trained in Bangladesh (Natpracha, 1986).  Similar types of training should be given in 
India also to the fisherwomen, through the Self-help Groups and Fisherwomen 
Cooperatives constituted in various coastal states of India.  Training should also be given 
to fisherwomen on production of value added fishery products from low value and 
medium value fishes, culture and processing of seaweed, surgical implantation of nucleus 
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in pearl oysters, post-operative culture for cultured pearl production and other 
diversified activities, which will help them to be self supporting.  
 
Women in fisheries development 

 
The important and varied roles of women in the fisheries sector are now receiving 

increased attention.  Women are involved not only in fish harvesting and gathering 
activities, but more extensively in fish processing and marketing as well as in support 
activities, both within and outside fisheries.  Not withstanding this growing recognition of 
the important contribution that women make to fisheries development, gender-related 
constraints continue to exist.  
 

Gender issues should be fully taken into account in sectoral plans and relevant 
programmes and projects. 
 

Extension and training schemes should encompass the needs and roles of women 
in fishing communities. These should also include training, at levels as appropriate to the 
beneficiaries, in financial and business management. 
 

Fishery credit schemes and welfare measures should give greater attention to the 
special needs of women.  
 

The impact upon women of technological advances and innovatory inputs should 
be properly assessed before their introduction; care should be taken, in view of the 
marginality of their economic conditions, that women are not forced into poverty as an 
unintentional result of development activities. 
 
7.11 Socio-Economic aspects of coastal fisheries 
 

In India, the total population dependant on fishing and fisheries-related 
activities for their livelihood is estimated to be about 6 million.  About 3.6 million are 
active fishermen and the rest are occasional fishermen by profession.  The standard of 
living of a vast majority of these fishermen is very low and they lack even the basic 
amenities such as housing, sanitation, clean drinking water, health care, basic and non-
formal education which is the basis for their poverty. 
 

While the number of fishing units has been steadily increasing over the years, the 
production, particularly from the near shore areas, has remained more or less constant leading 
to stagnation or even a decline in the earnings of fishermen because of the reduction in catch-
per-unit-effort.  This has also led to clashes between shrimp trawlers and users of purse-
seines, and between other groups competing for the exploitation of the same types of fishery 
resources. 
 

The emergence of marine products as an important foreign-exchange earner, 
coupled with the mechanization, paved the way to the entry of individuals (non-
fishermen), and companies from big industrial houses and multinationals into fisheries, 
resulting in a gradual growth of competition with traditional fishermen. The high export 
demand for selective marine products is leading to local over-fishing of certain species and 
groups of marine organisms.  
 

This common pool nature of fisheries gives rise to dispersed interests and 
commitment problems. In the absence of clear property rights, individual fishermen are 
unable to manage fish resources effectively and commit to limiting the catch to a sustainable 
level.  The gains from reduced fishing effort by an individual fisherman affect the entire 
fishing community.  When fish stocks and fishing becomes uneconomic leading to reduce 
income or net loss, the fishermen are forced to defy some of the regulatory measures 
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introduced by the government, leading to prolonging over fishing, conflicts, etc. This 
was evident in all the east coast states, with reference to the 45 day ban on trawling, 
when some of the fishermen particularly in Tamil Nadu and Andhra Pradesh, were 
defying the ban order and going for subsistence fishing for want of any other means of 
income for their meeting their daily requirements.   
 

The challenge of sound fishery management is magnified in developing countries, 
where fishing often represents employment of last resort, is attracting increasing number of 
poorly remunerated fish-practices to make a meager living. When fishing is done on a small 
scale and by poor communities in the informal sector, authoritative intervention is more 
challenging administratively and politically and the capacity for monitoring and enforcement 
is likely to be weak.  A broader development process that creates alternative employment 
opportunities is therefore, important not only for reducing poverty, but also for 
improving fisheries management. 

 
One of the basic needs of fishers is they do not have any legal right over their 

homestead land. Their customary right to rest their fishing implements on the shore has 
shrunk due to various development activities along the coastline including tourism.  The 
fishing pressure in the inshore waters could be eased by diversifying the activities of the 
fisherfolk to fishery or other related activities, including coastal aquaculture or 
mariculture. For this purpose the inshore coastal waters and the adjoining land suitable 
for sea farming/aquaculture could be leased to the fisherfolk to diversify their capture 
fishing to culture fisheries, which will also help in providing them the alternate source of 
employment and income. Earmarking certain portions of the shore area to the fisherfolk 
would help them in having easy access to the sea for fishing and also for berthing their fishing 
craft and storing the fishing implements. 
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8.     Institutional and Legal Mechanisms in Coastal and Marine 
Environment Management and Fisheries 

 
8.1 Institutions involved in Coastal and Marine Environment and marine 

living resources related issues in India 
 
8.1.1 Fisheries Research Institutes under Ministry of Agriculture 
 
Indian Council of Agricultural Research (ICAR) 
 
Central Marine Fisheries Research Institute (CMFRI) 
 

The mandate of the institute is to (i) assess and monitor the status of the exploited 
and unexploited fish stocks in the Indian EEZ in relation to fishery dependent and 
independent factors (ii) assess the marine capture fisheries potential and production, (iii) 
evaluate the techno-economics and socio-economics of marine fishing operations, (i) develop 
suitable mariculture technologies, test and transfer them to different target groups comprising 
fishers, farmers and industries, (v) monitor the health of the coastal ecosystems in relation to 
fishing and pollution, (vi) conduct postgraduate teaching at master and doctoral levels in 
mariculture to develop the required human resource and (vii) provide training and 
consultancy service on various aspects of marine capture fisheries and sea farming. The 
Institute’s headquarters is at Cochin (Kerala) with one regional centre, 11 research centres 
and 29 survey centres. 
 
Central Institute of Brackishwater Aquaculture (CIBA) 
 

The mandate is to (i) develop techno-economically viable and sustainable culture 
systems for brackishwater finfishes and shellfishes, (ii) provide technology support for 
optimizing brackishwater productivity and production, and (iii) provide training, extension 
and consultancy service on brackishwater aquaculture. The Institute’s headquarters is at 
Chennai (Tamil Nadu) with 3 research centres. 
 
Central Institute of Fisheries Technology (CIFT) 
 

The activities revolve around research and extension on fishing craft and gear, fish 
processing, biochemistry, microbiology, electronics and engineering aspects. The Institute’s 
headquarters is at Cochin (Kerala) with 6 research centres. 
 
Central Institute of Fisheries Education (CIFE) 
 

The CIFE is a deemed University. The mandate is to (i) conduct postgraduate 
diploma and degree courses and doctoral programmes, (ii) conduct short and long term 
training courses in different disciplines of fishery science, (iii) conduct research in basic 
disciplines of fisheries and (iv) provide consultancy services. The Institute’s headquarters is 
at Mumbai (Maharashtra) with 4 training centres and 3 fish farms. 
 
National Bureau of Fish Genetic Resources (NBFGR) 
 

The mandate is to (i) collect, classify and evaluate information on fish genetic 
resources, (ii) catalogue the genotypes, (iii) maintain and preserve fish genetic materials 
especially those of endangered species, and (iv) monitor introduction of exotic fish species in 
Indian waters. The Institute is located in Lucknow (Uttar Pradesh). 
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Department of Animal Husbandry & Dairying 
 
Fishery Survey of India (FSI) 
 

The activities of the FSI are aimed at exploration, development and management of 
deep-sea fishery resources through survey, biological and technical research, the results of 
which provide the government with scientific information for formulations of deep-sea 
fishery policies and development plans. The FSI also provides advice to fishing industry and 
to the development and financing institutions concerning fishing vessels, fishing gears and 
fish resources. The FSI has headquarters in Mumbai (Maharashtra) and zonal bases in 
Porbandar (Gujarat), Mormugao (Goa), Cochin (Kerala), Chennai (Tamil Nadu), 
Visakhapatnam (Andhra Pradesh) and Port Blair (A&N Islands). 
 
Central Institute of Fisheries, Nautical Engineering and Training (CIFNET) 
 

The objectives of the Institute are (i) to train technical manpower to man ocean going 
fishing vessels, to run infrastructure establishments and to train technical teachers to man the 
fishermen training centres attached to the maritime states and the union territories, (ii) to 
provide technical consultancy service in marine fisheries with particular reference to 
technical manpower requirements, 9iii) to conduct studies on fishing craft, gear and 
equipment and provide extension training to accelerate advancement in fishery technology 
and (iv) to help developing nations in the southeast Asia, middle east and Africa to train 
technical manpower for fishing. The CIFNET has headquarters in Cochin (Kerala) and 
centres in Chennai (Tamil Nadu) and Visakhapatnam (Andhra Pradesh). 

 
Integrated Fisheries Project (IFP) 
 

The objectives of the project are (i) to convert the low value fish obtained from the 
far sea and study the commercial feasibility of far sea fishing, (ii) to optimise and popularise 
the utilization of low value fishes by converting them into value added products, to develop 
suitable animal/poultry feed making use of fish waste offal, etc., and (iii) to provide necessary 
infrastructure and maintenance facilities for the fishing vessels belonging to the government 
and the fishing industry. The IFP has headquarters in Cochin (Kerala) and a centre in 
Visakhapatnam (Andhra Pradesh). 
 
Central Institute of Coastal Engineering for Fishery (CICEF) 
 

The objectives of the Institute are (i) to undertake engineering and economic 
investigations and preparation of project feasibility reports for developments of fishing 
harbours, (ii) to locate sites suitable for brackishwater farms, to develop engineering designs 
and prepare techno-economic feasibility reports on the sites, and (ii) to establish guidelines 
for the designing of coastal farms and train personnel to undertake feasibility studies. The 
institute is located in Bangalore (Karnataka). 
 
Ministry of Commerce 
 

The Marine Products Export Development Authority (MPEDA), Kochi (Kerala) 
under the Ministry of Commerce, Government of India, is the nodal organsiation for the 
regulation, development and promotion of the Indian Marine products export. In addition to 
export, the mandate of the MPEDA include (i) developing offshore and deep-sea fishing 
through promotion of joint ventures, (ii) rendering financial and other assistance and act as an 
agency for extension of relief and subsidy, and (iii) helping the fishing industry for 
processing and export of value added sea foods. 
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Ministry of Food Processing Industries (MFPI) 
 
 The Ministry has the following two schemes on seafood processing: 
 

(i) Scheme for tuna and other fish processing: Under this scheme, it is proposed to 
assist public sector/joint sector/state level co-operatives by providing grant to the 
extent of 50% of the capital cost to establish modern fish processing plants for 
tunas, shrimps, lobsters and also trash fishes. 

(ii) Scheme for setting up of cold chain: This is a scheme for the development of 
infrastructure facilities of cold storage, ice plants and insulated vehicles for 
preservation and supply of fish at major fish producing and marketing centres. 

 
Department of Ocean Development 
 
Integrated Coastal & Marine Area Management (ICMAM) Project Directorate, 
Chennai 

 
Established during 1998 as a Project Directorate for implementation of the World Bank 

assisted Capacity Building component with the mandate to: 
 

Ø Develop GIS based Information system for critical habitats, 
Ø Determine waste assimilation capacity, 
Ø Develop guidelines for environmental impact assessment, and  
Ø Develop model ICMAM plans for Chennai, Gulf of Kachchh and Goa. 

 
Centre for Marine Living Resources & Ecology, Kochi 

 
Sagar Sampada Cell, Kochi an attached Office was converted into a Centre for 

Marine Living Resources & Ecology during 2000-01 with a mandate take up exploration of 
marine living resources in the Indian EEZ and in the Antarctic waters, running and 
maintenance of the Fisheries & Oceanographic Research Vessel (FORV) Sagar Sampada.    
 
Indian National Centre for Ocean Information Services (INCOIS), Hyderabad 
 

INCOIS was established as an autonomous society in February 1999 to function as 
the ultimate IT service provider in the Ocean Sector. Main mandate of INCOIS is to 
synthesis, generate, promote, provide and coordinate the various endeavours in the field of 
ocean observations, information and services, towards sustainable development of ocean 
resources, improved forecasting of weather, etc. It is designed to meet the user demands of 
date, data products and other consultancy in the coastal ocean regime, through remote sensing 
application and sea truth verification and validation. It also manages National Marine Data 
Centres with a view to foster exchange and utilization of oceanographic data through a 
comprehensive networking mechanism, besides serving as an Information Bank on ocean and 
climate.  
 
National Institute of Ocean Technology (NIOT) 

 
NIOT was set up during November 1993 as an autonomous institute under DOD with 

the mandate of developing relevant technologies in the areas of Ocean Energy, Deep Sea 
Mining, Coastal and Environmental Engineering and Marine Instrumentation. Two pioneering 
projects are in the area of mining technology demonstration and design and installation of 1 
MW floating OTEC pilot plant. The DOD sponsored National Data Buoy Programme, 
running and maintenance of two Coastal Research Vessels and RV AA Sidorenko, and the 
Ocean Science & Technology for Islands are also implemented by NIOT. 
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The major accomplishments include: 
 
• Development of a new generation power module required for harnessing wave energy 

having an improved air turbine and a variable speed induction generator. 
• Design and fabrication of floating 1 MW Ocean Thermal Energy Conversion (OTEC) 

plant.  Technology demonstration expected to be carried out by March 2002. 
• Shallow bed mining system developed and demonstrated up to 410 metres water 

depth. 
• Experimental Remotely Operable Vehicle (ROV) designed, fabricated and tested.  

Technology development for deeper waters taken up. 
• Expertise developed in marine geophysical and geo-technical surveys for laying 

offshore pipelines and establishment of coastal structures. 
• Acoustic Tide Gauges designed and developed indigenously and installed at different 

locations in India and in Vietnam. 
• Prototype Transducers for underwater instruments developed. 

 
Other Institutions  

 
Input on fisheries research and development also come from the National Institute 

of Oceanography (Council of Scientific and Industrial Research), Zoological survey of 
India and Indian Forestry Research Institute, Dehradun under the Ministry of 
Environment & Forests, National Remote Sensing Agency, Indian Space Research 
Organisation and Space Application Centre (Department of Space). The NIO conducts 
research on the exploitation of living and non-living ocean resources. The mandate of the 
NIO includes coastal zone management, oceanographic surveys and resources and 
parameters’ mapping in the EEZ of India. The NRSA is the nodal agency for satellite data 
acquisition, data processing and dissemination and various research areas including 
oceanography and forecasting of fisheries grounds. The NRSA programme on marine 
fisheries has the following two objectives: (i) to provide information on sea surface 
temperature (SST) and (ii) to utilise the SST information for identifying the Potential Fishing 
Zones (PFZs) and disseminate such information for the benefit of fishermen. The Zoological 
Survey of India, marine Biological Station at Chennai is dedicating efforts to collecting and 
cataloguing the marine living resources, conducting studies on the coral reef ecosystem in the 
Gulf of Mannar and related marine biodiversity, etc.  Besides this, there are State 
Environment & Forests Departments, Pollution Control Boards, Fisheries Departments, 
Coastal Zone Management Authorities, in all the maritime States, which have expertise and 
human resource to implement various policies and programmes of the Federal Government. 
 
 There are a number of Academic Institutions and Universities which are dedicating 
their efforts to coastal and marine environment related issues and marine living resources 
located along the east-coast of India viz. Centre of Advanced Study in Marine Biology in the 
Annamalai University, Parangipettai, Tamil Nadu; Institute of Ocean Management, Institute 
of Remote Sensing and Centre for Environmental Studies in the Anna University, Chennai; 
Andhra University, Visakhapatnam; Marine Sciences Department in the Berhampur 
University, etc., to name a few in the east coast of India. 
 
 All these Institutions and Research organisations have the expertise, facilities and 
wherewithal, in multivarious activities in different sub-sectors of coastal/marine environment, 
resource assessment and enhancement, development and dissemination of user-friendly 
technologies and capacity building through training and extension.  
 

The institutional capabilities available with various institutions and the academic 
institutions in the coastal States (both in the central and state sector) listed above, could be 
made use of by other BOBLME countries to ensure uniformity in standards and data 
collection, in different countries of the region. Such a regional approach would help the 
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BOBLME programme to undertake future activities for optimal use of living resources and 
preservation of environment in accordance with sustainability of the eco-system. This 
approach will also help the BOBLME to compare the data and information collected using 
standardized methods and techniques with soother similar eco-systems globally. The coastal 
nations and the scientists, technicians and fishermen from these maritime states could be 
trained in various aspects of fisheries and environmental research in addition to undertaking 
awareness creation in BOBLME – wide exercise by utilizing the capacity in various institutes 
in India and other neighbouring countries. Such a regional co-operation movement will enable 
the BOBLME to accomplish its objectives in an effective way. 
 
8.2 Policies and Legislations framed by Government of India for Protection 

of Coastal and Marine Areas  
 
Water (Prevention and Control of Pollution) Act, 1974: The main provisions of this Act aim 
at prevention and control of water pollution as well as restoration of water quality, through the 
establishment of State Pollution Control Boards. Some of the salient features of this Act are-  
 

?  No person shall knowingly cause or permit any poisonous, noxious or polluting 
matter determined in accordance with such standards as may be laid down by the 
State Board to enter (whether directly or indirectly) into any stream or well or sewer 
or on land.  

?  No person shall knowingly cause or permit to enter into any stream any other matter 
which may tend, either directly or in combination with similar matters, to impede the 
proper flow of the water of the stream in a matter leading or likely to lead to a 
substantial aggravation of pollution due to other causes or of its consequences. 

 
Air (Prevention and Control of pollution) Act, 1981: The objective of the Air Act is to 
prevent, control and reduce air pollution including noise pollution and to establish Boards at 
the States/UTs for this.  
 
The Environment (Protection) Act, 1986: The Environment (Protection) Act, 1986 is a 
Central Act passed by the Parliament under Article 253 of the Constitution of India. It is a 
comprehensive umbrella legislation with the following main features: -  

 
?  Take all necessary measures for protecting the quality of environment; 
?  Plan and execute nationwide programme for the prevention, control and abatement of        

environmental pollution;  
?  Lay down standards for discharge of environmental pollutants; 
?  Empower any person to enter, inspect, take samples and test;  
?   Lay down safeguards for prevention of accidents and take remedial measures in case       

of such accidents;  
?  Prohibit and restrict the location of industries and the carrying on of processes and        

operation in different areas; 
?  Constitute an authority or authorities for exercising its powers;  
?  Issue directions to any person, officer or authority including the power to direct        

closure, prohibition or stoppage or regulation of supply of electricity, water or any        
other essential service.  

 
Hazardous Wastes (Management and Handling) Rules, 1989: The Hazardous Wastes 
(Management & Handling) Rules were notified in 1989 and amended in 2000. These Rules 
provide for a control on the generation, collection, treatment, transport, import and storage 
disposal of wastes listed in the schedule annexed to these rules.  Implementation of these rules 
is through the identified State agencies, namely, State Pollution Control Boards and the State 
Government (Department of Environment).  Hazardous wastes have been defined in terms of 
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44 processes and 123 waste streams in Schedule -1 and 79 substances along with 
concentration limits specified in Schedule -2. For the purpose of imports and exports, a 
separate Schedule of Wastes (Schedule 3) has been incorporated. Identification of sites for the 
disposal of hazardous wastes in the States has also been specified.  
 
Manufacture, Storage and Import of Hazardous Chemicals Rules, 1989 (amended in 
October 1994): The Manufacture, Storage and Import of Hazardous Chemicals Rules were 
notified on 27th November 1989, under the Environment (Protection) Act, 1986. The first set 
of amendment to this rule was gazette on 3rd October 1994. The second set of amendments 
was notified in January 2000.  
  
Principal objectives of the regulation are the prevention of major accidents arising from 
industrial activities, the limitation of the effects of such accidents both on man and on the 
environment and the harmonization of the various control measures and the agencies to 
prevent and limit major accidents.  
 
Chemical Accident (Emergency Planning, Preparedness and Response) Rules, 1996: This 
set of rules provides a statutory back up for setting up of a Crisis Group in districts and states 
which have Major Accident Hazard Installations (MAH) and providing information to the 
public. The rules define major accident hazard installations, which include industrial activity, 
transport and isolated storages at a site handling hazardous chemicals in quantities specified.  
 
Bio-Medical Wastes (Management & Handling) Rules, 1998: Bio-Medical Waste 
(Management & Handling) Rules, were notified on 27th July 1998. These Rules, which 
subsequently have been amended, provide for segregation, packaging, transportation, storage, 
treatment and disposal of wastes generated by hospitals, clinics and laboratories.  
 
Municipal Solid Waste Rules, 2000: The Ministry of Environment & Forests has brought out 
the Municipal Solid Wastes (Management & Handling) Rules on 25th September, 2000 with 
the objective of regulating collection, segregation, transportation, processing and disposal of 
municipal wastes including commercial and residential wastes generated in a municipal or 
notified area in solid or semi-sold form. The regulations also apply to treated bio-medical 
waste, but do not cover industrial hazardous wastes. Salient features of these rules are as 
follows:  

?  The wastes are required to be collected, segregated, stored, transported, processed and 
disposed of by the Municipal Authorities in accordance with the procedure laid down 
under the rules.  Municipal Authorities are required to notify waste collection 
schedule and the likely method of collection, segregation and processing of wastes. 

?  The rules provide for segregation of biodegradable, recyclable and other wastes and a 
colour scheme for bins to facilitate collection and segregation of different waste 
categories (green bins for biodegradable wastes, white for recyclable and black for 
other non-biodegradable wastes).  

?  In order to minimise burden on landfills for wastes disposal, the rules provide several 
options for processing and disposal of wastes like composting, vermi-composting, 
anaerobic digestion, recycling, incineration with or without energy recovery and 
pelletisation.  

 
Coastal Regulation Zone Notification, 1991: A critical aspect of environment protection and 
preservation relates to regulation and prohibition of various activities in coastal areas. Major 
developments in this area currently underway are those, which give rise to optimism 
concerning a pro-active policy towards an integrated coastal & marine area management. 
Under the Environmental (Protection) Act 1986, the Central Government's notifications of 
1991 and 1994 declared coastal stretches of seas, bays, estuaries, creeks, rivers and 
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backwaters, which are influenced by tidal action (on the land ward side) up to 500 metres 
from High Tide Line (HTL), and between the Low Tide Line (LTL) and HTL, as Coastal 
Regulation Zones (CRZ), and thereby regulated activities such as the establishment of new 
industries, and the reclamation of land.  
 
Definition: Coastal Regulation Zone Notification, 1991  

 
The Coastal Regulation Zone (CRZ) Notification, issued on 19th February, 1991, 

declares coastal stretch of seas, bays, estuaries, creeks, rivers and backwaters which are 
influenced by tidal action (on the landward side), up to 500 metres from the high tide line and 
the inter-tidal zone as the Coastal Regulation Zone. This Notification was issued under 
Section 3(1) and Section 3(2)(v) of the Environment (Protection) Act, 1986 and Rule 5 (3)(d) 
of the Environmental (Protection) Rules, 1986.  
 
(A) Restrictions under Coastal Regulation Zone Notification, 1991  

 
The Notification imposes restrictions on the setting up and expansion of industries 

and operations or process etc., in the Coastal Regulation Zone. It defines the Coastal 
Regulation Zone using the High Tide Line (HTL) as the reference point. The HTL has been 
defined as the line on the land up to which highest water line reaches during the spring tide. 
The Notification also clarifies that the HTL shall be demarcated universally in all parts of the 
country by the demarcating authority, authorized by the Central Government in consultation 
with the Surveyor General of India. It is stipulated that the distance from the HTL shall apply 
to both sides in the case of rivers, creeks and backwaters and may be modified on a case-to-
case basis for reasons to be recorded while preparing the Coastal Zone Management Plans. 
However, this distance shall not be less than 100 metres or the width of the creek, river or 
backwater, whichever is less.  
 
(B) Prohibited Activities under Coastal Regulation Zone Notification, 1991  

 
The notification lists the prohibited activities in the Coastal Regulation Zone. The 

prohibited activities include:  
 

(a) Setting up of new industries and expansion of existing industries except those directly 
related to water front or directly needing foreshore facilities.  

(b) Manufacture or handling or storage or disposal of hazardous substances except 
storage of identified petroleum products in the existing ports and harbours and in 
those areas of ports that have not been classified as CRZ-I.  

(c)  Setting up of effluent treatment plants.  
(d) Dumping of city or town waste for the purpose of land filling or otherwise, ash or any 

waste from thermal power station.  
(e) Mining of sand, rocks and other substrata materials except those rare minerals not 

available outside CRZ.  
 
The CRZ Notification also lists the permissible activities that are regulated. The 

permissible activities are those, which require water front and foreshore facilities and require 
environmental clearance. These include:  

 
(a) Construction activities related to defence requirement.  
(b) Operational construction of ports and harbours, lighthouse, jetties, wharfs, etc.  
(c) Foreshore facilities for transport of raw material, for intake of cooling water and 

outfall for discharge of treated water, cooling water for thermal plants.  
(d) Construction of hotels and beach resorts between 200 and 500 metres of HTL in 

designated areas of CRZ III. Reconstruction of authorized buildings subject to 
existing FSI/FAR norms in CRZ II areas.  
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(e) Construction of building on landward side of existing road or roads proposed in the 
approved CZMP.  

(f) Reclamation for construction of ports, harbours, jetties, wharfs, bridges and sea links 
and other facilities essential for activities permissible under the Notification.  

 
(C) Classification of Coastal Regulation Zone  
 

The CRZ Notification indicates the classification of the Coastal Regulation Zone for 
regulating development activities in the CRZ. The Coastal Regulation Zone (CRZ) has also 
been classified into four categories depending upon their sensitivity from environment and 
ecological angle and the existing development towards the shore. These four categories are 
CRZ I, II, III and IV  

 
(D) Norms for construction in Coastal Regulation Zone area 
 

The CRZ Notification also details the norms for development of construction 
activities in the different categories of CRZ areas.  Guidelines for development of tourist 
resorts/hotels in designated areas of CRZ areas have also been notified. 
 
(E) Formulation of Coastal Zone Management Plans (CZMPs)  
 

After the CRZ Notification, 1991 was issued, the coastal States/Union Territories 
were expected to formulate the Coastal Zone Management Plans (CZMPs) and submit these 
to the Central Government for approval. However, this process was not completed even up to 
1995. The Supreme Court of India, vide interim judgment dated 18th April, 1996 on Writ 
Petition No. 664 of 1993, directed that the States which had not filed the CZMPs should 
submit these to the Central Government by 30.6.1996 and that the central Government should 
finalize and approve the CZMPs with or without modifications within 3 months thereafter. 
The CZMPs were received from all coastal States/Union Territories and the Central 
Government accorded approval through a letter of the Ministry of Environment and Forests, 
which also listed general conditions and conditions specific to each coastal State/Union 
Territory which were to be incorporated in the CZMPs. Thereafter, the modifications in the 
approved CZMPs were required to be accepted by the Ministry of Environment and Forests. 
The National Coastal Zone Management Authority will now coordinate this exercise, which 
is yet to be completed, with the assistance of the State/Union Coastal Zone Management 
Authorities (Senthil Vel, 2003).  
 
Monitoring and enforcement of the CRZ notification and Constitution of Authorities.  
 

The Central Government has constituted different Authorities for ensuring 
monitoring and - enforcement of the Coastal Regulation Zone Notification. The Authorities 
are therefore, vested with powers, under the Environment (Protection) Act, 1986, to ensure 
monitoring and enforcement of the existing Regulations. The composition of these 
Authorities includes representatives of various departments of the State/Union Territory 
Government and experts. These Authorities will examine issues relating to the Coastal Zone 
Management Plans. They would also examine wide issues relating to the development of an 
integrated approach towards coastal zone management.  
 
The Petroleum Act, 1934 and The Petroleum Rules, 1976  

 
The Act and Rules regulate the import, transport, storage, production, refining and 

blending of petroleum, etc. The salient features of the Act and Rules are:  
 

v Issue of licence for handling petroleum  
v Test, analyse and monitor petroleum  
v Provide technical rules for handling petroleum 
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v Ensure safety, and 
v Accident management.  

 
Important Acts Relevant to Biodiversity 
 

The Indian Forest Act 1927 is a colonial legislation enacted mainly to enable the 
State to acquire ownership over forests and their produce and, specifically to facilitate trade 
and timber. The concern here is not on forest biodiversity but on controlling and regulating 
the timber trade. 

 
The Wildlife (Protection) Act, 1972, amended in 1983, 1986 and 1991, provides for 

the protection of wild plants and animals and regulates hunting, trade and collection of 
specific forest products. Certain tribes are however, allowed to pick, collect or possess 
specified plants for their personal use. The revised Act also provides a licensing system to 
regulate cultivation and trade of specified plants in a pattern similar to the trade in fauna. 
Licensees are required to declare their stocks and follow prescribed procedures. 
 

The National Wildlife Action Plan, 1973, identified broad goals of establishing a 
network of representative protected areas and developing appropriate management systems, 
which take into account the needs of local people and conservation requirements outside 
protected areas. The National Forest Policy, as amended in 1989, stressed the sustainable use 
of forests and the need for greater attention to ecologically fragile, but biologically rich, 
mountain and island ecosystems. 
 

The Forest (Conservation) Act, 1980, amended in 1988, deals primarily with using 
forestlands for non-forestry purposes, mainly industry and mining. It requires state 
governments to acquire the approval of the central government before it de-gazettes a 
reserved forest, leases forestland to a private person or corporation, or clears it for the 
purpose of reforestation. Implementation of this act has reduced the annual rate of diversion 
of forestlands for non-forestry purposes to 16,000 hectares a year, compared with 150,000 
hectares per year prior to 1980. 
 

The Environment (Protection) Act, 1986, empowers the central government to take 
appropriate measures for the purpose of protecting and improving the environment. It is 
authorised to lay down standards for controlling emissions and effluent discharges of 
environmental pollutants, to regulate industrial locations, to prescribe procedures for 
managing hazardous substances, to establish safeguards for preventing accidents, and to 
collect and disseminate information regarding environment pollution. In accordance with this 
act, the central government has issued a number of regulations affecting sectors such as 
hazardous and chemical wastes, genetically engineered micro-organisms, and industrial 
development of coastal zones. 
 

The Foreign Trade (Development and Regulation) Act, 1992, is designed to 
stimulate sustained economic growth and enhance the technological strength and efficiency 
of Indian agriculture, industry and services. The central government regulates the import and 
export of goods by means of a Negative List of Imports or a Negative List of Exports, 
depending on the situation. Import and export are prohibited/restricted through licensing or 
routed through specified agencies. Provisions of the Convention on International Trade in 
Endangered Species of Wild Fauna and Flora (CITES) are also implemented through this act. 
 
Other Conventions and International Agreements dealing with Biodiversity 
 

India acceded to the Convention on International Trade in Endangered Species of 
Wild Flora and Fauna (CITES) in 1976. The enforcement of CITES is the responsibility of 
the Member States who are required to establish management and scientific authorities for the 
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purpose. On behalf of the CITES Secretariat, data on world trade in wildlife are collected and 
analysed by the Wildlife Trade Monitoring Unit (WTMU), which is part of the IUCN 
Conservation Monitoring Centre in Cambridge, UK. The WTMU also receives and analyses 
relevant data and information from WWF, TRAFFIC offices in different countries. On an 
initiative from IUCN, WWF and Government of India, TRAFFIC India has been established. 
 
 India became a party to the Ramsar Convention in October 1981. Two important 
mandates of the Convention are that the Parties should: 
 

• Designate at least one wetland in their territory for the list of wetlands of 
international importance and to conserve the ecological characteristic of the same, 
and 

• Make wise use of all wetlands in their territory whether or not they are designated for 
the Ramsar list by developing National Wetland Policies. 

  
 In accordance with this stipulation, India has designated Chilka Lake (116,500 ha) as 
a Ramsar Site.  Since there has been a marked improvement in the condition of Chilka Lake 
and its fisheries in the past 2 years, it has been recently removed from the list of Ramsar 
Sites.  
 
 Under the U. N. World Heritage Convention, India has declared Sundarbans National 
Park as a World Heritage Site. India is a signatory to the BOM Convention on Migratory 
Species, the Framework Convention on Climate Change, U. N. Convention on the Law of the 
Sea, etc. 
 
Legal Framework for Fisheries Resource Management, Conservation and Development 
 
 For regulating and restricting fishing within the 12 nautical mile zone, a model 
Marine Fishing Regulation Act (MFRA) was formulated by the Ministry of Agriculture in 
1978, paving the way for the coastal states of India to evolve and enact their own Marine 
Fishing Regulation Acts.  MFRA provides for demarcation of the zone for fishing by 
traditional fishermen and the mechanised fishermen, besides spelling out measures for 
protecting, conserving and managing the coastal marine fishery resources. 
 
 India amended her constitution in 1976 and the Indian Parliament enacted the 
Territorial Sea, Continental Shelf, EEZ and other Maritime Zones of India Act on 25th August 
1976, in pursuance to which a 200 nautical mile EEZ was established. 
 
 India has also enacted a number of other laws/rules and regulations including the 
Coast Guard Act 1978, Environmental Protection Act, 1986 and the Coastal Regulation Zone 
(CRZ) 1991, etc.  India enacted the Maritime Zones of India Act 1981 for regulating fishing 
by foreign vessels within the Indian EEZ, the rules for which were promulgated in 1982. 
 
 First efforts in the development of the Law of the Sea were initiated as early as 1930s 
owing to conflict of interests concerning fisheries.  Three of UN Conferences on the Law of 
the Sea held between 1958 and 1982, paved the way for adoption of UN Convention on the 
Law of the Sea (UNCLOS), which came into force in 1994.  This provided Coastal States the 
sovereign rights and jurisdiction in the 200 nautical mile EEZ. India signed the UNCLOS on 
10th December 1982 and ratified it on 29th June 1995. 
 
 To avoid jurisdictional disputes including disputes on fisheries, India has also 
concluded ten maritime boundary agreements with five out of its seven neighbouring states 
viz., Sri Lanka, Maldives, Indonesia, Thailand and Myanmar.  There are also a number of 
other international conventions and agreements related to fisheries, such as UN Agreement 
on Conservation and Management of Straddling and Highly Migratory Fish Stocks, 
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which has been acceded to recently by India.  Agreement to promote compliance with 
International Conservation and Management measures by Fishing Vessels on the High 
Seas, Code of Conduct for Responsible Fisheries, FAO International Agreement on 
Fishing Capacity, etc. 
 
Legislative mechanisms in other BOBLME countries 
 
Some of the legislation relevant to coastal and marine environment and its living resources in 
the BOBLME countries, are summarised as under: 
 
Sri Lanka (Joseph, 2003) 
 
The Coast Conservation Act No.57 of 1981 and Coast Conservation Amendment Act, No.64 of 
1988 
 
The Act mandates to protect and preserve the coast from erosion or encroachment by the sea 
and control over planning and management of developmental activities within the designated 
coastal zone, prohibition of activities, provision of guidelines and standards for specific 
activities, govt. restrictions, etc.  
 
The Fisheries and Aquatic Resources Act of 1996 
 
This Act provides for management, regulation, conservation and development of fisheries and 
aquatic resources in Sri Lanka.  
 
National Aquatic Resources Research and Development Agency Act of 1981 
 
Through this Act promotion and conduct of research and development activities in aquatic 
resources including oceanography, fisheries technology, fish processing, information 
dissemination, training, etc., and contribute to development, management and conservation of 
aquatic resources including the marine habitats. 
 
Marine Pollution Prevention Act of 1981 
 
This Act is responsible for prevention, reduction and control of pollution in Sri Lankan 
waters, including oil spill management contingency planning.  
 
National Aquaculture Development Authority Act of 1998 
 
This Act envisages development of coastal and brackishwater aquaculture, freshwater 
aquacutlure and inland fisheries, which are comparable to the Aquaculture Authority, set up 
by India for regulating aquaculture activity in the country. 
 
National Environment Act of 1980 and Amendment Act of 1988 
 
This is the legislative enactment to primarily address the issue of environment protection and 
management in Sri Lanka.  
 
There are also ordinances and acts for protection of fauna and flora (Fauna and Flora 
Protection Ordinance of 1937 and Amendment Act of 1993), the Forest Ordinance 1907 and 
subsequent amendments of 1982, 1988 and 1995 for protection and conservation of forest 
resources including the mangroves: Mines and Minerals Act 1992, Tourist Development Act 
1968, etc., which are directed towards regulating the mining or exploration of minerals and 
tourism related activities. 
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Bangladesh (Haossain, 2003) 
 
Factories Act 1965 
 
This Act deals with the regulation of effluents from the factories, their treatment and disposal. 
 
Environment Conservation Act 1995, Environment Conservation Rules 1997 and 
Environment Conservation (Amendment) Act 2000 
 
The main objectives of these rules and acts are to protect and conserve the coastal and marine 
environment, control and mitigation of pollution, setting standards for air, water and other 
aspects related to prescription of emission standards, etc. 
 
There are also policies on coastal shrimp culture development in the National Fishery Policy 
of 1988, National Environment Action Plan 1995, National Policy for Conservation of 
Mangroves. Besides this the Government has passed the Environment Court Act 2000, for 
dealing with the environmental offences more effectively. The act provides for the 
establishment of one or more Environmental Courts. Very recently Government promulgated 
Open space and Wetland Conservation Act 2002. Other regulations, ordinances etc., which 
govern the forest, wildlife and fisheries resources in Bangladesh aimed at the biodiversity 
conservation and Sundarban mangrove forest are: 
 
The National Forest Policy of 1894 
Petroleum Policy 1993 
The Marine Fisheries Ordinance, 1983 
The Protection and Conservation of Fish rules 1985 
Forest Act (Amendment) 1989 
Wildlife Act 1974 
Brick Burning Act 1991 
 
Malaysia 
 
Pollution Control and Management 
 

The main legislation protecting the environment in Malaysia is the Environmental 
Quality Act (EQA), 1974. The legislation sets limits to allowable pollutant levels for both 
land and sea based sources as well as for prescribed development activities as specified under 
the Environmental Impact Assessment Regulations (1987). There are other regulations to 
complement the Environment Quality Act 1974, such as laws governing resource use 
(National Forestry Act 1984, Fisheries Act 1985 and Exclusive Economic Zone Act, 1984), 
vessel operation and conduct (The Merchant Shipping Ordinance 1952), land use pattern 
(National Land Code 1965 and Land Conservation Act 1960), and other local government by-
laws on earthworks, earth removal, mining, sanitation and solid waste disposal. 

 
Thus, with respect to water resources, the most important legislation in Malaysia 

governing water quality management is the Environmental Quality Act (EQA) 1974. The 
objective of the EQA is basically two fold: pollution prevention, abatement and control as 
well as environment enhancement. There are at least six sets of regulations under EQA, 1974 
for control of water pollution and the environment and these are: 

 
v Environment Quality (Prescribed Premises) (Crude palm Oil Regulation, 1974). 
v Environmental Quality (Prescribed Premises) (Law Natural Rubber) Regulation 1979. 
v Environmental Quality (Sewage and Industrial Effluents) Regulations, 1979. 
v Environmental Quality (Prescribed Premises) (Schedules Waste Treatment and 

Disposal Facilities), Regulations, 1989. 
v Environmental Quality (Scheduled Wastes) Regulations, 1989. 
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v Environmental Quality (Prescribed Activities Environmental Impact Assessment) 
Order, 1987. 
 
The above regulations stipulate the standards and procedures for handling the various 

types of domestic and industrial wastes. 
 

Thailand (Juntarashote, 2003) 
 

At present, the Ministry of Natural Resources and Environment uses the laws that are 
applicable to other Ministries for implementing any management measures. 

 
Laws and regulations on water quality management 

 
v Public Health Act B.E. 2535 
v Factory Act B. E. 2535 
v The Navigation in Thai Waterways (Vol. 14) Act B.E. 2535 
v Poisonous Substance Act B.E. 2510 (amended B.E.2516) 
v The Mineral Act B.E. 2510 
v The Fisheries Act B.E. 2490 
v Petroleum Act B.E. 2514 
v Port Authority Act B.E. 2494 
v The Enhancement and Conservation of National Environment Quality Act B.E. 2518 
v Enhancement and Conservation of National Environment Quality Act B.E. 2535. 

 
Laws and regulations on marine and coastal living resources management 
 
v Forest Act B.E. 2484 and 2503 
v The National Parks Act B.E. 2504 
v The National Forest Reserves Act B.E. 2507 
v The Wild Animals Reservation and Protection Act B.E. 2518 
v The Town Planning Act B.E. 2518 
v The Fisheries Act B.E. 2490 
v The Act Governing the Right to Fish in Thai Fisheries Waters B.E. 2482. 

 
Apart from the above laws and regulations, there are many Cabinet Resolutions that 

relate to the conservation and management of marine environment and its living resources. 
 

Myanmar (Anon, 2003) 
 
A summary of the Laws and Regulations relating to the coastal and marine 

environment and their natural resources is given below: 
 

Laws/Regulations Brief description 
 

 
The Factories Act 1951 

 
Controls factories involved with chemicals, 
particularly hazardous or toxic chemicals. 
 

The Forest law 1992 Declared all mangroves forests as protected areas. 
Fishing within three hundred yards around mangrove 
areas is strictly prohibited. 
 

The Pesticide Law 1990 Monitors and controls the selection, storage, 
transportation and use of pesticides. 
 

The Myanmar Mines Law 1994 Controls safe disposal of waste, tailing and fumes. 
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Laws/Regulations Brief description 

 
  
The Myanmar Pearl Law 1993 In general, this law is aimed to protect and conserve 

water areas of pearl oyster fishing grounds from 
destruction and oyster from over fishing. 
 

The Waterpower Act 1927 Prohibits pollution of public waters for tapping energy 
and mining purpose. 
 

The Law relating to Aquaculture 
1989, The Law Relating to the 
Fishing Rights of Foreign 
Fishing Vessels 1989, The 
Myanmar Marine Fisheries law 
1990 and the Freshwater 
Fisheries Law 1991. 

These Fisheries Laws provide for further development 
of fisheries, preventing over fishing, safeguarding and 
protection of fishing grounds and management of 
fisheries. These laws also prohibit fishing without a 
license, causing water pollution, use of destructive 
fishing gears and practices and promotion of 
sustainable use of fishery resources. 
 

The Territorial Sea and Maritime 
Zone Law 1977 

This law defines and determines the maritime zone, 
contiguous zones, exclusive economic zone and 
continental shelf in respect of preservation and 
protection of marine environment, its resources and 
prevention of marine pollution. 

 
Some of these Acts, Rules and Regulations enacted by Sri Lanka, Bangladesh, 

Malaysia, Thailand & Myanmar are identical to those enacted by India for protecting, 
conserving, managing and developing the coastal and marine environment and its living 
resources. 
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9. Gaps in Information/Data, Policies, Legislation, etc. 
___________________________________________________________________________ 
 
9.1 Key Gaps in information/knowledge/data 
 

The reliability and comparability of our fisheries data needs to be improved. The 
categories, ‘full-time’, ‘part time’ and ‘occasional’ fisher-folk used by the Ministry of 
Agriculture seem to serve only for a limited purpose in planning for fisheries management and 
development. There is no reliable data available on women, men and children, gainfully 
employed in fisheries-related activities, the levels of their income, and other socio-economic 
data. We need a standardisation of terms, to begin with. To describe fish stocks, for example, 
several terms like ‘standing fishable stock’, ‘marine fishable stock’, ‘maximum sustainable 
yield’, ‘total potentiality’ and ‘total potential yield’ are interchangeably used. The craft-gear 
combinations currently in use in India are not classified according to any recognised system 
and it urgently needs to be done based on fishing power and the employment potential. Once 
such information is generated it will be easier to objectively identify which are the small and 
the large-scale categories. This would be a vital piece of information to take management 
decisions. 

 
We have no clear picture of the level of investment in our fisheries sector, trans-

border trade of fish within India, on fishing capacity by number of fishing units and 
their fishing power, including the specifications of craft, gear and engine, the extent of 
migration into fisheries from other sectors and vice versa; there is no uniform system for 
collecting basic statistics, which is reflected in the conflicting fish production figures given 
by the State Government and the CMFRI.  
 
Gaps in information 

 
 There is an urgent need for more scientific means of acquiring, storing, assessing, 
and dissemination of data/information for proper resource utilisation in an user-friendly 
manner to the end users including the coastal community and planners/decision-makers, 
from a single window, detailed baseline studies for temporal and spatial abundance of 
aquatic resources, quantitative measures of physico-chemical correlates for determining 
biogeographic zones, studies on indicator species and quantification of the role of aquatic 
ecosystems and their components.  Information on the coastal and marine environment, its 
living resources and biodiversity is lying scattered in different institutions as gray literature 
and the key actors like government agencies should use it while formulating the biodiversity 
policies.  Even though efforts have been made by FSI, CMFRI and NIO to make an 
estimate of the potential of marine living resources, there are still enormous gaps in 
knowledge concerning the status of the marine living resources of each coastal state at 
different sea depths and those of under or un-exploited resources beyond 200 m depth 
within the Indian EEZ, particularly the transboundary stocks and highly migratory fish 
stocks, deep sea lobsters, squid, deep sea shrimp, etc.     
 
Gaps in Vision 
 
 The inherent value of biodiversity, which is multi-dimensional and vast has not 
been properly evaluated and understood. 
 
Gaps in assessment of marine living resources 
 
 It is a general feeling among one and all that the potential marine living resources of 
the Bay of Bengal region are yet to be assessed on scientific lines, as there is a lot of 
difference between the fish production figures given by the assesses and the production figures 
reported by the various agencies in a state.  One typical example is the fish production figures 
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given by Central Marine Fisheries Research Institute (CMFRI) and Fishery Department of 
Orissa on the fish production from the coastal waters of Orissa.  During the year 2001-02, the 
State Government of Orissa has reported a fish production figure of    113,000 t from the 
marine resources, whereas the CMFRI has given the fish production figure of 45,000 t.  It is 
not clear as to whether the disparity in fish production is due to the methodology adopted by 
the two agencies or because of any other reason.  If we go by the figures given by the 
Government of Orissa, it will appear that they have already reached the MSY levels in respect 
of marine fish production.  If we consider the fish production figure given by the CMFRI, then 
it will appear as though the resources of the coastal Orissa are grossly under-exploited.  The 
disparity in fish production figures has raised genuine queries in the minds of fishery 
administrators and scientists, as to whether the estimated potential in the fish production are 
really scientifically based or not.  It has also been pointed out by the fishery administrators 
that they are not aware of the exact potential of marine fisheries in their coastal and marine 
environment, they do not have any information on the depth-wise or species-wise potential of 
their resources, which is a very basic and fundamental requirement in evolving any strategy, 
action plan or programme for conservation, management and development of these resources. 
 
 This calls for a proper, scientifically based resource assessment of the coastal and 
marine areas and each and every state bordering the Bay of Bengal on priority basis by 
pooling resources, manpower and facilities available with various fisheries research 
institutes and national research laboratories in the country who are the custodians of 
fisheries development and management.  Such a systematic, scientific and long-term survey 
for assessment of the resources will require huge investments, particularly in the ship time, 
scientific manpower and collection, collation, compilation and assessment of the data, creation 
of databank, development of data products and disseminating them to the user community. 
 
Awareness, information, education and capacity building 

 
Awareness among the coastal community on the usefulness of complying with 

the various rules and regulations, acts, etc., which are meant for conserving, managing 
and developing the coastal and marine resources and providing them food and 
livelihood security, is very low. Information, Education and Capacity building (IEC) 
should be the catchword for improving the knowledge base at the grass-root level and 
also for taking these issues to the coastal community 
 
9.2 Gaps in Policy/legislation and infrastructure 
 
Gaps in policy 
 
 Integrated Coastal Zone Management (ICZM) and ecosystem management have to be 
linked.  Participatory approach in these activities is very important, but it is not being 
practiced.  In Gulf of Mannar extensive coral mining, seaweed collection, catching of even 
fish larvae/juveniles, discarding of low value fish, etc., are going on. Similar situation prevails 
in the coastal areas of other east coast states also. The fishermen should know the value of 
these resources.  Moreover, in all the processes concerning management, development 
and conservation, they should be involved right from the beginning.  No policy guideline 
exists in the country, which provides for involving them in these processes.  This is one of 
the major lacunae/gaps in our system. 
  

For the concerted development of marine fisheries or even for that matter, 
including the inland fisheries, there is no clear-cut policy at the central level to guide the 
policy initiatives to be implemented by the coastal states.  As per the Indian constitution, 
“fisheries” is a state subject and the Central Government can only give guidelines for 
development of fisheries in the country.  Even though there is a Policy Statement on fisheries 
enacted by the Government of Kerala, which is being taken as a model by some of the east 
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coast states, in the absence of a national level policy on fisheries development, they are not in 
a position to enact one.  Formulation of national fisheries policy was initiated by the Ministry 
of Agriculture (Department of Agriculture and Cooperation, Fisheries Division) in 1994, but it 
is yet to be finalized.  Some of the stakeholders at planning level in the State Governments, 
have expressed the need for a national fisheries policy, so as to guide the State 
Governments in framing their own state level policies and implementing them, not only 
for conserving, managing and developing the fishery resources, but also for providing 
food and livelihood security to the myriads of the fishing community, who are dependent 
on the marine living resources. 
 
Gaps in legislation 
 
 The Indian fisheries legislation, in general, seems to target the fishing vessel rather 
than the fishery resources. This is true of Merchant Shipping Act 1958, MPEDA Act 1972, the 
Maritime Zone of India (Regulation of Fishing by Foreign Vessels) Act 1981 and Rules 1982 
as well as the Marine Fishing Regulation Act of the Maritime States. What seem to be 
essentially regulated are access to fishery resources in time and space. Technical specifications 
for the fishery are sometimes prescribed but they do not seem to be followed up in strict 
implementation. 
 
  The emphasis has to be on the fishery rather than on the fishing vessel. The 
above focus would help us to look at the impact of a particular fishery on associated and 
dependent species of the target stocks. It will further give room to address issues of social 
dimension within the scope of fisheries management. It would also allow for bringing into the 
scope of conservation and management, not only the supply-side, but also the demand-side of 
fisheries. Moreover, the Marine fishing Regulation Act has become outdated in view of the 
changing phase of the marine fisheries development and management in the country and hence 
in the opinion of one and all the Act needs to be revised/amended.   
 

Conservation and management of fisheries resources should, needless to say, go 
hand in hand with the protection of fish habitat. Measures are thus needed to protect the 
marine environment from pollution. The Water (Prevention and Control of Pollution) Act 
1974 has provisions to protect the coastal sea from land-based sources of pollution but 
subject to the discretion of the State Government. This Act, in conjunction with the 
Coastal Regulation Zone Notification of 1991 under the Environment (Protection) Act, 
1986 could contribute in regulating land-based sources of pollution in the coastal waters 
up to a maximum distance as decided by the State Government. So far, using this 
measure, except for the one taken by Maharashtra Government for treatment of sewage in 
Mumbai, no known attempt has been made in any other maritime State of India to protect the 
coastal waters from land-based sources of pollution. 

 
There is no rule/regulation/legislation for regulating fishing by Indian Flag 

Vessels, which is pending for enactment for a long time, even though there is one for 
regulating fishing by foreign flag fishing vessels in the form of Maritime Zones of India Act 
1991. 

 
Lack of mechanisms and instruments for enforcement and management 
 
 There are over a dozen National Acts/Rules and Regulations promulgated by the State 
Governments of the East Coast and the Union Government, for conservation, protection and 
management of the coastal and marine environment and its living resources.   
They have enabling provisions for conservation of coastal and marine habitats and regulation 
of certain activities, which are illegal, and detrimental to the health of the ecosystems and 
consequent impact on human and animal health.  However, most of these Acts, Rules and 
Regulations are yet to be enforced for want of adequate field level mechanism.  There are 
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some typical examples of such inaction on the part of enforcement agencies, which mainly is 
because of lack of manpower, infrastructure and adequate funding support for implementing 
the provisions of these Acts/Rules/Regulations. The Government of India, Ministry of 
Agriculture allotted the funding support to all the coastal states to procure patrol crafts for 
monitoring the coastal waters (up to 12 nautical miles) for ensuring 
implementation/enforcement of the provisions of Marine Fishing Regulation Act. Each 
Coastal state was assigned 2-5 such patrol crafts, depending upon the length of coastline (for 
every 200 km long coastline, one patrol craft), but in most of the states, they are lying idle for 
want of requisite funding support to operate them.  There is also a general feeling among the 
planners and the coastal community that there is a need for modifying or amending 
these rules/regulations in tune with the changing times, circumstances and needs.  
 
Gaps in technology development and dissemination for want of coordination/cooperation 
 
 The Government of India have initiated a number of technology development and 
dissemination programmes under Lab to Land programme, pilot demonstration projects, 
capacity building through training including hands-on-training, etc., in various fields of 
resource conservation, management and development.  In some cases, it was observed that 
the technologies, which have been developed, have not been standardized and all those 
technologies have been disseminated to the end users, leading to failures and economic 
loss. The other reason for this is the low level of literacy among the fishers and the coastal 
community, in assimilating the technology disseminated and transferring it in the field level, 
besides lack of adequate extension support and guidance at every level of their activities.  
Some of the fishermen association representatives, particularly in Tamil Nadu, indicated 
that the research activities being carried out by some of the fisheries research institutes 
have not benefited them and the R&D institutions should take research programmes, 
which should be need-based and of relevance to the fishing community.  They were also 
of the opinion that some of the technologies disseminated to them either has not been 
useful to them or at times detrimental to the society and ecology.  Therefore, if any 
technology developed is to be successful, the gap between the Planner, Researcher and 
the farmer/user should be narrowed or plugged by a proper coordination and 
cooperation mechanism between the Planner– Researcher – Extension Worker/Officer – 
End user (aquaculturist, fishermen, industry, etc.) 
 

The other aspect, which was pointed out by different stakeholders was lack of 
awareness on the part of the fishing community and capacity to assimilate and transfer the 
technology for their benefit.  This calls for narrowing the gap in knowledge and technology 
dissemination from the lab to the land, which can be achieved through: 
 

Ø Training of trainers, who can in turn impart training on various aspects of fishing and 
fishery related activities to the fisherfolk including fisherwomen, 

Ø Assessment of the requirements and needs of the local community prior to taking up 
programmes for technology development 

Ø Standardisation/perfection of technology before it is disseminated to the user 
community 

 
The State Pollution Control Boards are the legal authorities for penalizing or 

punishing the polluters.  It has been a common practice that some of the industries, which 
have treatment plants, do not strictly follow the provisions of Water Act and clandestinely 
discharge the untreated waste at odd hours into the open waters.  Invariably, the pollution 
monitoring studies are chemical analysis oriented, taking up studies only on the water 
chemistry.  This will indicate only the instantaneous effects of pollutants and not the long-term 
effect.  Biological monitoring, if incorporated in these pollution monitoring studies, would go 
a long way in deducting the polluters by studying the bioindicators, which are the key for 



 186

assessing the health of the open waters and to take remedial measures for keeping our coastal 
and marine waters clean.  This points to the fact that there is no proper mechanism for 
monitoring pollution at point and non-point sources and enforcement of provisions of 
Water (Pollution) Act. 
 
Lack of basic amenities in coastal areas, market infrastructure, communication, etc. 
 
 Even though there is some improvement in the basic amenities in the coastal areas 
such as housing, electricity, telephone, television, etc., most of the villages still lack the 
common basic requirements such as a well laid road, communication and public transport 
system, sanitary, health and drinking water supply facilities.  Even if there are some primary 
health centres, the doctors visit these facilities hardly for a few hours a day.  There is no 
proper fish marketing facility, which normally should have a small cold storage or refrigerated 
device, which can keep fish fresh, a proper shed for providing shade to the fish retailers, 
particularly the womenfolk, supply of fresh water for cleaning the fish, a platform for hygienic 
handling and marketing of fish, a proper conveyance for transporting the fish produced to the 
nearest market for sales. 
 
Other issues 
  

Lack of funds and inadequate capacity besides manpower, lack of political will, etc., 
have also contributed to the over-exploitation of the resources, and hampered the 
implementation of programmes relating to resource assessment, capacity building, assessment 
of productivity on carrying capacity, etc. 
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10.          Remedial Measures 
 
  Agenda 21, Chapter 17 of UNCED envisages rights and obligations of States and 
provides an International basis to pursue protection and sustainable development of the 
marine and coastal environment and its resources.  India being a vast country requires new 
approaches at regional, national, state and local levels, for integration in the following 
identified areas to ensure sustainable development.  
 

(a) Integrated management and sustainable development of coastal areas, including 
exclusive economic zone; 

(b) Marine environmental protection; 
(c) Sustainable use and conservation of marine living resources of the high seas; 
(d) Sustainable use and conservation of marine living resources under national 

jurisdiction; 
(e) Addressing critical uncertainties for the management of the marine environment and 

climate change; 
(f) Strengthening international, including regional cooperation and coordination; 
(g) Sustainable development of small islands. 

 
10.1 Remedial Measures already taken 
 
Coastal and Marine Biodiversity 
 

India is one of the 17 global mega diversity centres, representing two of the major 
realms and three of the basic biomes. The diversity is yet to be fully surveyed. Approximately 
65% of the total land area has been surveyed, and over 47 000 species of plants and 81 000 
species of animals have been recorded. This list is being constantly upgraded, especially with 
regard to lower plants and invertebrate animals. India’s coastline including major indentations 
and island shores runs for about 8118 km.  
 
 India’s river systems, wetlands, coastal areas and marine zones abound in fish genetic 
resources, holding almost 12% of the world fish species. Out of nearly 20 000 documented 
fish species worldwide, 2546 finfish species have been recorded in India. They live in the 
brackish waters of estuarine areas and in the three surrounding seas, besides the freshwater 
regime. Twenty-seven species are considered rare/endangered/ vulnerable. Island ecosystems 
in India are of two broad types: coraline, as that of Lakshadweep in the Arabian Sea, and 
submerged mountain tops harbouring tropical rainforests, as in the Andaman and Nicobar 
Islands (Bay of Bengal). Submerged land between India and Sri Lanka has created islands in 
the Gulf of Mannar where coral reefs are distributed. Of the three groups of islands, 
rainforests and associated endemic island biodiversity is found only on the Andaman and 
Nicobar islands. 
 
 The Andaman & Nicobar Islands have a unique tropical ecosystem, with an expected 
diversity and wild germplasm as well as natural beauty, and natural productivity is high. The 
mangrove ecosystems are rich and the coral reefs are extremely productive. Apart from the 
deep-sea fisheries resources, the shallow water area and the creeks fringing the Islands offer 
great potential for the development of coastal aquaculture. 
 
 Mangroves and sizeable areas of coastal land within the reach of high tide are being 
occupied. Standards for regulating the waste discharged from the aquaculture farms are 
applicable only to large farms. The western EEZ of India and the Andaman & Nicobar waters 
are being used as international tanker routes. Nearly 3500 tankers are estimated to ply in this 
area, carrying about 470 million tonnes oil per year.  
 
 Some of the marine fin fishes threatened by indiscriminate fishing are the whale 
sharks (Rhincodon typus), marine catfishes of the genera Tachysurus and Osteogeneiosus, the 
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white fish Lactarius lactarius, the flat head Platycephalus maculipinna, the threadfins 
Polynemus indicus (Dara) and P. heptadactylus, and Sciaenids Pseudoscaeiena diacanthus 
(Ghol) and Otolithoides brunneus (Koth), the perch Pomadasys hasta and the eel 
Muraenosox.  In the total catfish landings during their breeding period more than 50% of the 
catch is reported to be gestating males, each one carrying 40-150 eggs/embryos in its mouth. 
Since the catfish is migratory in nature, over-fishing from 1979-1986 resulted in decline in 
catfish production in India from 64 000 t (1988) to 36 000 t in 1992. In the lobster fishery, the 
indiscriminate catch of berried females of deep-sea lobster Puerulus sewelli from selected 
breeding pockets by a large number of deep-sea trawlers has depleted landings. The sand 
lobster, Thenus orientalis and the rock lobster, Panulirus sp. also fell in production and these 
area-specific resources need conservation and protection. The Horseshoe crab (Limulus sp.) is 
a threatened species distributed along Orissa coast. It is widely exploited for different 
pharmaceutical uses.  
 
Research efforts or goals 
 

The Ecosystem Surveys under the programmes for inventorying and monitoring 
India’s biodiversity include Marine, Islands, Mangroves, Wetlands and Coastal areas. 
The major institutional support system that India has in identifying, creating databases 
and monitoring coastal and marine biodiversity is that provided by the National Institute of 
Oceanography (NIO), Goa, a Council for Scientific and Industrial Research (CSIR) 
institution, Central Marine Fisheries Research Institute (CMFRI) (ICAR institution with 
a few Regional Stations in the coasts and islands) and Zoological Survey of India (ZSI). 
Maritime fauna1 explorations are undertaken by ZSI stations in Port Blair, Chennai, Calcutta 
and Dhiga. The Dhiga station has also initiated the first National Marine Aquarium for public 
in the country. Institutional support in the identification and documentation of coral reef 
biodiversity is provided by NIO, ZSI and CMFRI. 
 

ZSI and Botanical Survey of India (BSI) have contributed primarily to 
knowledge of estuarine biodiversity. The regional station of ZSI in Berhampur, Orissa has 
surveyed the Chilka Lake, Mahanadi estuary, Hooghly estuary and the Godavari estuary. 
Further south, the estuarine flora and fauna have been extensively studied and documented by 
the Centre for Advanced Studies in Marine Biology, Annamalai University in 
Parangipettai. SACON recently concluded a study on the status of sea grasses throughout the 
country. 
 
 The Madras Science Foundation, an NGO, has conducted studies in the Krishna 
and Cauvery estuaries amongst others in south India. NIO and M.S. Swaminathan Research 
Foundation (MSSRF) have independently and collaboratively carried out extensive studies 
on the mangroves of the west and east coasts respectively. MSSRF has developed and 
maintained a database on Indian mangroves. Databases containing general information on 
marine fauna and flora are available with NIO, CMFRI, ZSI and BSI. The Annamalai 
University with the support of MOEF is also developing a database on Indian Mangroves. 
 

National Remote Sensing Agency (NRSA) and such facilities in universities and 
institutions have launched a number of programmes to monitor India’s coasts with the aid of 
satellites. Data thus generated have been used to monitor coastal vegetation, shoreline 
changes and movements of fish. 
 

In view of increasing demand for frozen marine food, the Marine Products Export 
Development Authority (MPEDA) has begun a document on cultivable marine species in 
collaboration with ZSI to help prevent over-exploiting such resources in their natural habitats. 
 
 The National Bureau of Fish Genetic Resources (NBFGR), located at Lucknow 
and administrated by the Indian Council of Agricultural Research, is devoted to the 
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conservation and sustainable use of fish diversity in India. Its mandate includes collecting, 
classifying and evaluating information on fish genetic resources of India; cataloguing 
genotypes; maintaining and conserving fish germ plasma in collaboration with other centres; 
conserving endangered species; and monitoring the introduction of exotic fish species in 
Indian waters. 
 
 In the oceans, emphasis has been laid on stabilising the Antarctic and polymetallic 
nodules programmes and the development of ocean data and information system, coastal 
ocean monitoring and prediction, preparing and disseminating potential fishing zone 
information, ocean observation and information services, etc. 
 

A holistic approach to studying wetland biodiversity is being stressed. In 1990, 
MoEF conducted a survey and published the first wetland directory (including paddy fields 
and mangroves). According to the survey, there are about 4 million ha of wetlands in India, of 
which 2.6 million are man-made. 
 

Under the Ganga Action Plan, improving sewage-treatment technologies has been 
emphasized. As a result, the programme has led to the development of appropriate 
technologies like Upflow Anaerobic Sludge Blanket (UASB), improved oxidation ponds, and 
sewage treatment through plantations. These technologies are cost-effective and so will 
reduce the burden on the State Government. Such developments will facilitate Ganga Action 
Plan and make future programmes sustainable. GAP also emphasizes maximizing resource 
recovery from sewage treatment to improve its sustainability. These include using biogas for 
co-generation of power and selling treated sewage and sludge (a bio-fertilizer) and nutrient-
rich treated effluents for agriculture. 
 
 In 1991, MoEF issued a notification under the Environment (Protection) Act, 1986, 
for the protection of the coastal areas, declaring coastal stretches as ‘Coastal Regulation 
Zones’ (CRZs) and regulating activities in the CRZs. Following the notification, all coastal 
States and Union Territories have prepared their respective Coastal Zone Management Plans 
(CZMP). In 1994, the Government of India through MoEF formally notified the 
Environmental Impact Assessment (EIA) under the Environment (Protection) Act 1986 
and included under this 29 sectors, which need to go through the procedure of EIA before 
implementing their developmental projects. However, much before this, MoEF had made 
ETA mandatory to major projects that were likely to impact the environment adversely.  
 
 A National Contingency Plan to deal with oil spill disasters has been prepared. 
India has ratified MARPOL 73/78 and adopted the provisions in the Merchant Shipping 
Act. 
 
 The Indian Government has rules and regulations for various activities in the 
coastal zone, which covers the inter-tidal area and the land area of 500 metres from the high 
tide line. The States have prepared coastal-zone management plans indicating various 
zones so that the rules and regulations can be applied appropriately at these zones. The 
government proposes to extend these rules to the ocean part. 
 

During 1999-2000, the Ministry of Environment & Forests launched an All India 
Coordinated Project for conservation and management of Coastal and Marine 
Biodiversity, following the Jakarta mandate on coastal and marine biodiversity. The 
preparatory process for initiating this project included a number of activities. A status paper on 
Coastal and Marine Biodiversity was prepared by an expert group in November 1995, 
followed by a workshop on Assessment of Coastal and Marine Biodiversity held in National 
Institute of Oceanography (NIO), Goa in December 1996 for identification of gap areas. 
Thereafter a Task Force was constituted to plan, implement and review multi-institutional, 
multi-disciplinary surveys and exploration of Coastal and Marine Biodiversity in February 
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1997. A Core Group designed standard formats, devised uniform methodology and identified 
institutions for collection, collation, retrieval and dissemination of information and creation of 
databases on Coastal and Marine Biodiversity. Two Focal Points were established at NIO, 
Goa and Centre for Advanced Studies (CAS) in Marine Biology, Annamalai University for 
database and networking. An inter-ministerial Steering Committee oversees the 
implementation of the project. The objectives of the project are: 
 

• Assessment of current status of coastal and marine biodiversity at species/taxa level 
by rapid appraisal method. 

• Current status of biodiversity and conservation of Marine Protected Areas and Hot 
Spots. 

• Identification of priorities for survey/exploration and distribution of flora and fauna 
of inter-tidal ecosystems and Biodiversity of EEZ. 

• Strategies and Action Plans for establishment of Database Centres and Biodiversity 
Network on the identified priorities of Coastal and Marine Biodiversity. 

• Capacity building and training programmes on taxonomy in the identified gap area of 
Coastal and Marine Biodiversity. 

 
The activities being undertaken under the project include: 

 
• Survey and inventorisation of Coastal and Marine Biodiversity on the East and West 

Coasts of India. 
• Establishment of database and documentation centres for the identified priority areas 

at identified institutions on the East and West Coasts specializing in their respective 
areas of work and networking of these centres. 

• Training and capacity building in taxonomy of Coastal and Marine Organisms with 
specific reference to identified gap areas. 

 
Mangroves 
 

Taking into consideration ecological and economic significance of mangroves and 
threats faced by them due to various anthropogenic activities, the country launched a 
scheme on Conservation and Management of Mangroves in 1986. A National Committee 
on Mangroves provides guidance for effective implementation of the management 
programmes, which are currently operational in 15 areas in the coastal States of the country. 
State level Steering Committees have been constituted for formulation of specific 
Management Action Plans for each area. Nodal universities/academic institutions are being 
actively associated in research activities in different mangrove areas under the overall 
supervision of a Research Sub-Committee which functions in Ministry of Environment and 
Forests (MOEF). 
 

The MOEF is undertaking a National Action Plan for protection, conservation, 
regeneration and afforestation of mangroves in coastal areas as a thrust area activity. A 
strategy has been formulated, based on suggestions received from coastal States/Union 
Territories for undertaking a clearly focused, time bound Management Action Programme. 
Some of the key components of this programme are as follows: 

 
• Identification of State-wise existing and potential areas for afforestation and 

regeneration of mangroves 
• Development and implementation of Micro Plans. 
• Ensure community participation and sustainable utilisation of mangrove 

resources through Joint Forest Management efforts. 
• Establishment of Database network and website on mangroves for information 

sharing. 
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• Publication of literature on conservation of mangroves in local languages. 
 

Coral reefs 
 
 India is implementing a programme for conservation and management of coral reefs 
in the country through implementation of management action plans supported by research 
programmes. The following coral reef areas in the country have been identified for intensive 
conservation and management: 
 

• Andaman & Nicobar Islands 
• Gulf of Mannar 
• Gulf of Kuchchh 
• Lakshadweep Islands 

 
 Ministry of Environment & Forests has also launched Indian Coral Reef Monitoring 
Network (ICRMN) so as to cover activities related to monitoring of health of coral reefs, 
training and capacity building, establishment of data base network and promote research on 
the identified thrust areas so as to integrate the same with the management of this fragile 
ecosystems. Ministry has also launched a web site of Indian Coral Reef Monitoring Network 
and Focal Points have been identified for collection, collation and retrieval of information 
related to coral reefs in the country. 
 
Conservation of Turtle breeding & nesting Grounds 
 
Tracking the Turtle 
 
 Satellite telemetry is now being used for tracking the movements of turtles, once 
they go out to the deep sea. Platform Transmitter Terminal (PTT) or Satellite 
transmitters are attached to the animal whose movements are to be monitored. They are 
attached to the turtle’s shell using epoxy, which does not generate heat, or harm the turtle. 
 
 The PTTs have temperature sensors and surface time counters to indicate the 
proportion of time spent on the surface. A switch ensures that the PTT is switched on only 
when the turtle surfaces, conserving the battery when under water. The battery is designed to 
last a year, assuming that the turtle spends 30 per cent of its time on the surface. The 
transmitters send high frequency signals that are received by Polar orbiting weather satellites. 
The transmissions are then decoded to identify the transmitter, as each has a unique code. 
With this data, latitudes and longitudes can be plotted on a map, and the migratory route 
traced. In 2001, for the first time in India, the Olive Ridley turtles were tagged with satellite 
transmitters to track their movements once they left the beach. 
 
Rescuing the Ridleys 
 
Species conservation efforts 
 

 April 17 to 19, 2001, was a historic occasion. At the mouth of the Devi river in the 
state of Orissa, on the eastern sea coast of India, Chandra, a nesting female Olive Ridley 
Turtle and three others of her species, were being tagged. This was the first time in India that 
turtles were being tagged. With the help of satellite transmitters, the movement of Chandra 
and the others can be tracked even after they venture back into the deep sea, far from the 
nesting site. The migration patterns of these turtles have been a mystery to biologists all these 
years. This information is vital for developing conservation plans for the Olive Ridley Turtles, 
an endangered species under Schedule I of the Wildlife Protection Act, 1972, and the IUCN 
Red List 2000. With these special tracking devices, it will now be possible to study their long-
range migration and their foraging areas. This unique exercise was part of an all-India 
initiative to develop a sustainable model for conservation of these endangered marine reptiles 
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and restoration and conservation of their habitats along the Indian coastline in ten states in 
India. 
 
Conservation Efforts 
 
 Soon after 1974, when information about the rookery came to light, there were also 
reports that poaching of turtles and their eggs for markets in Kolkata was depleting their 
population. Subsequently, the area was notified as a Sanctuary in 1975 (the Bhitarkanika 
Sanctuary), and was also closed for hunting. Collection of adults and eggs from the beach was 
strictly prohibited. 
 
 Recognizing the major threat to turtles from fishing by large trawlers, the Orissa 
Marine Fisheries Regulation Act was passed in 1982. This Act prohibits trawling within 10 
km of the coastline throughout the state and makes it mandatory for all trawlers to use Turtle 
Excluder Devices (TEDs). In 2001, the state government of Orissa declared the five-month 
period between January and May as a no-fishing season, a distance of within 20 km from the 
coastline. 
 
 In 1999, the Government of India launched the Sea Turtle Project. This project is 
being implemented by the Wildlife Institute of India, Dehra Dun in partnership with the Forest 
Departments of ten selected states. UNDP has supported this three-year programme (1999 to 
2001). The satellite tracking of the young turtles described earlier forms a part of this project. 
The project aims at conservation of the turtles and restoration and conservation of their 
habitats. The project has conducted comprehensive threat analysis of Olive Ridley Turtles and 
their habitats. A major thrust of the programme has been to build capacities of major 
stakeholders, such as state and central government organizations, and NGOs. Surveys of the 
nesting sites have been conducted by organizations identified in the different states. One of the 
main outcomes of the project is a management action plan, which has generated data about the 
mass mortality rate of Olive Ridley sea turtles along the coast of Orissa and other coastal 
states/union territories. 
 
 A Sea Turtle Project Mission team was constituted for Orissa, which has the world’s 
largest nesting sites for these turtles. The team has developed a detailed action plan to address 
issues such as survey of nesting beaches, sea turtle database in Orissa, a model community 
participatory management plan, setting up of in-situ hatcheries, and study on operation of 
mechanised fishing vessels in Orissa. 
 
 An Expert Scientific Panel constituted by the Ministry of Agriculture studied the 
distribution of sea turtle, their incidental mortalities in fishing nets, and use of Turtle 
Excluder Devices (TED). This Scientific Panel in its report of June 1999 has suggested a 
number of management measures for conservation of marine turtle species, which inter-alia 
includes habitat reservation, preservation of the species through recovery programme, 
translocation of nests and setting up of hatcheries, legislation and enforcement of the existing 
rules and regulations; undertaking research activities relating to their biology, ecology, 
reproductive physiology, etc., and education, training and extension particularly of the 
public/children on turtle conservation. It has also recommended the installation of TED in the 
trawl nets to be made mandatory (MoA, 1999). 
 
 The Operation Kachhapa (Operation Turtle) programme has launched a variety of 
measures to spread awareness, as well as taking direct action to prevent the death of turtles. It 
conducts a large number of awareness programmes for fisherfolk in the area. These include 
mobile exhibitions, and volunteers visiting fishing villages to spread the message of turtle 
conservation through songs, skits and paintings. A key message of the awareness programmes 
is about the law that protects a 10 km coastal zone for the exclusive use of small fisherfolk, 
prohibiting large trawlers from crossing those limits. The project has also made a trawler 
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available for patrolling at the mouth of the river Devi. An incentive scheme for enforcement 
officers has also been created, including the monthly Kachhapa Award for outstanding 
service. Operation Kachhapa is an initiative being coordinated by the Wildlife Protection 
Society of India, Delhi and involves many local NGOs, including the Wildlife Society of 
Orissa, as partners. The Orissa Forest Department, WII and the Coastguards are also involved 
with the project. 
 

A programme to tag and monitor the nesting turtles has been launched by the Wild 
Life Institute of India in collaboration with M.S. Swaminathan Research Foundation, 
Chennai.  This programme, which is sponsored by NORAD aims at tagging at least 15000 
adult turtles of the species through out the country, turtle breeding beaches are being 
protected and monitored by the respective forest departments.  Students in the city of Chennai 
have founded a Sea turtle conservation Group to monitor and protect sea turtles that breed 
along the coasts of the city.  UNDP /GEF through their small grants programme have initiated 
a project in Orissa for demonstrating the use of turtle exclusion devices (TED) in trawlers as 
an effort to protect turtles that arrive to breed. 
 
 The Biosphere Reserves Programme was launched by MOEF in 1986.  The 
primary objective of this programme is to identify representative ecosystems, which are still 
in pristine condition and strengthen the conservation efforts keeping in view the livelihood 
needs of the people.  The various implications and facets of this issue are being debated 
through a consultative process. 
 
Surveillance system in place to monitor implementation of relevant laws and 
regulations 
 

Geographic Information System has been introduced as a means of Decision 
Supporting System in the management of critical habitats like mangroves, coral reefs, 
areas rich in biodiversity, etc., under the Integrated Coastal and Marine Area Management 
programme implemented by the Department of Ocean Development. The tasks involved are 
collection of data and information on 11 critical habitats and designing of database for 
integration in the GIS software like ARC INFO and ARC VIEW.  
 

For acquiring surface meteorological and upper oceanographic parameters on 
real-time basis 20 moored data buoys have been deployed along the Indian coastline at 
selected locations.  These buoys are equipped with sensors for accurate measurements of a 
number of oceanographic parameters.  The data are disseminated to the India Meteorological 
Department for forecast of cyclones, and to other scientific and research institutions, port 
authorities, national hydrographic office etc., for wider utility and application. The 
transmission of the data between the buoys and a store station is effected through a two-way 
communication system of INMARSAT-C satellite. The oceanographic data are also collected 
through drifting buoys and are transmitted via ARGOS satellite to various user agencies.  

 
Sustainable Development Indicators Related to Oceans and Seas 
 

Under the Integrated Coastal and Marine Area Management Programme of the 
Department waste assimilation capacity and preparation of model Integrated Coastal and 
Marine Area Management plans etc., have been envisaged. With a view to control marine 
pollution from land based activities, information relating to assimilation capacity of coastal 
waters, particularly with reference to thermal waste discharges including fly ash, aquaculture 
waste and sewage and other industrial wastes, has been collected and analysed. Studies have 
been initiated on discharge and assimilation of fly ash and other pollutants from industries 
located along Ennore Creek, off North of Chennai, Tapi and Hoogly estuaries. Application of 
modern tools like computer based modelling for prediction of the impact of the various 
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integrated activities occurring in the coastal areas, is also incorporated in the Integrated 
Coastal and Marine Area Management programme.  
 
Pollution monitoring through Coastal Ocean Monitoring & Prediction Systems (COMAPS) 
Programme 
 

Constant monitoring of the health of the seas and taking up remedial measures for 
preventing and controlling pollution from land based activities is another activity, for ensuring 
sustainable development of the seas around India. The various measures taken up by the 
Government for regulating the activities along the coastal zone, fishing and fisheries, etc., 
have a definite role to play in sustainable development and utilisation of the ocean and its 
resources. 
 

Changes in the fluxes of water, nutrients, carbon and sediments into the coastal area 
through river catchments, atmosphere and exchange at the shelf edge, are brought about by 
human activities like dam building, sewage discharge, industrial activities along the coasts, 
from short- or long- term changes in climate, and by changes of ocean dynamics. The fluxes 
are particularly sensitive to human intervention, and control the inventory of sustainable and 
living resources. A well planned and managed marine water quality monitoring system is 
required to predict changes of trends in the quality of a particular marine water body, so that 
curative or preventive measures can be taken to restore and maintain ecological balance in the 
water body. Monitoring is needed to ensure that standards and criteria set by the 
regulatory agencies (MOEF/Central Pollution Control Board/DOD) are met for the 
protection of marine water quality. 
 

The government has initiated organised efforts since 1986 to assess the state and trend 
of marine coastal pollution in the seas around the country up to five kilometers offshore 
through systematic monitoring network of 173 selected stations under the project 'Monitoring 
of Indian Coastal Waters' which was continued up to March 1992. The Department of Ocean 
Development and Central Pollution Control Board with National Institute of Oceanography as 
the nodal agency jointly administered the project with the responsibility for training of 
manpower and establishing monitoring methodology. Subsequently the DOD launched a 
project 'Coastal Ocean Monitoring and Prediction System' (COMAPS) in almost similar 
manner in 1990 extending the study area up to 25 kilometers offshore. Due to multipurpose 
uses of the coastal zone such as shipping, fishing, tourism, industrialization and disposal of 
wastes, the stress on the coastal area is growing rapidly with developments taking place often 
in an unplanned fashion and unmindful of long term consequences. COMAPS is designed to 
assess the status and likely trends in coastal marine environment quality and to contribute 
directly to the development of strategies for maximizing the economic benefits derived from 
the intelligent and sustainable use of marine environment and resources. 

 
The main objectives of the scheme are:  
 

• Systematic collection of data on pollutants such as nutrients, heavy metals and pesticide 
residues in water, sediment and biological organisms at selected stretches along the 
coastline of the country. 

• Development of models for the evaluation of assimilative capacities of coastal marine 
areas. 

• To enable the Pollution Control Boards to evolve a mechanism for mitigating the adverse 
impact of pollution on marine environment and abatement of marine pollution. 

 
The national COMAPS project has been in operation at 82 locations for collection and 

analysis of data with respect to 25 parameters relating to physical, chemical and biological 
characteristics of water and sediments parameters including pesticides, heavy metals and other 
pollution indicating parameters like dissolved oxygen, pathogenic bacteria are being 
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monitored to assess the health of the Indian seas. Depending upon the level and source of 
pollutants the 82 sampling stations have been chosen and classified as “Hot spot” and 
“Regular” stations. Intensive monitoring of 13 hotspots, four times in a year, is being carried 
out under this programme. Out of this, 7 hot spots are located along the east coast, viz. 
Tuticorin, Cuddalore, Kakinada Bay, Visakhapatnam, Paradip, Puri and Sandheads. 
 

The Central Pollution Control Board and the State Pollution Control Boards have been 
monitoring the coastal water quality in different areas of the country. Based on the data 
collected through this project the areas of concern have been identified and steps are being 
taken to prevent and control the causes of pollution. The State Pollution Control Boards under 
the administrative control of respective State Governments are regulatory agencies for 
enforcement and implementation, of various provisions of the environmental statutes. 
Enforcement continues to be the main thrust of the boards though many of the Boards are also 
engaged in promoting new technologies and pollution prevention measures. The need for 
strengthening of the Coastal Ocean Monitoring and Prediction System programme arises in 
the wake of the expanding areas of work relating to environmental protection, for example, 
hazardous substances, management of the marine environment including the risk assessment 
and environmental impact assessment etc., and emerging areas like mitigation strategies, 
regulatory toxicology, eutrophication and hypoxia, organics, etc. 
 

Since the focus of the programme is only monitoring of marine pollution, it did not 
engage into any studies depicting the relationship between marine environmental changes and 
living resources. Since the developmental stages of fish, prawns, etc, abundant in the coastal 
waters are sensitive to chemical changes; recently parameters on invertebrate and fish larvae 
especially from the coastal waters have been added. The data collected at a few locations have 
indicated the difference in the abundance of eggs and larvae between clean areas where 
Dissolved Oxygen (DO) levels are more than 6 mg/l and semi-polluted areas where DO levels 
are less than 4 mg/l. However, more data at more locations are needed to arrive at a definite 
conclusion. 

 
The infrastructure and other facilities of National and State Research and 

Development institutions which are participating in the programme have been fully 
strengthened to undertake all activities stipulated for this programme. The results emerging 
through these studies have shown that our coastal waters are by and large clean. The data 
collected are also reported to coastal State Pollution Control Boards. It appears that the 
organised industry is slowly disciplining itself in following proper environmental standards. 
 
Integrated Coastal & Marine Area Management (ICMAM)  
 

Integrated Coastal Zone Management is a planning and coordinating process, which 
deals with development and management of the coastal resources and which is focused on the 
land water inter-phase. A major value of ICMAM is that it addresses the land and the sea 
simultaneously. It is basic to coastal management to recognize how strongly land based 
activities affect the marine environment. ICMAM provides an opportunity to allow policy 
orientation and development of management strategies to address the issue of resource use 
conflicts and to control the impacts of human intervention on the environment. It provides 
institutional and legal framework, focuses on environmental planning and management, 
coordinates various agencies concerned to work together towards a common objective.  
Maintaining species habitats, natural resource base and management of development 
processes are part of ICMAM programme. 

 
Considering that the Integrated Coastal Zone Management could provide the best long 

term and sustainable use of coastal natural resources and for perceptual maintenance of the 
natural environment, during the Ninth Plan period, under the ‘Environment Management 
Capacity Building’ project coordinated by the Ministry of Environment and Forests, the DOD 
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took up for implementation infrastructure development and capacity building activities funded 
by the World Bank to facilitate adoption of the concept of ICMAM in our country, in the 
coming years. These activities focus on development of expertise in ICMAM oriented 
activities and dissemination of knowledge gained to the users like coastal states through 
organised training programmes. The Department established an ICMAM Project Directorate at 
Chennai for implementing various activities as planned in the following main areas from 
1998-99 onwards.  
 

• Development of GIS based information system for 11 critical habitats like coral reefs, 
mangroves etc., in Gulf of Khambat, Gulf of Kachchh, Malvan, five islands off 
Karwar, three islands off Cochin, Gulf of Mannar, Pitchavaram, Coringa mangrove, 
Gahirmatha, Sunderbans and Kadmat (Lakshadweep). Development of GIS based 
information system for all these sites have been completed.  

• Determination of waste load allocation based on waste assimilation characteristics of 
selected estuaries (Tapi estuary, Ennore creek and Hoogly estuary).  The studies have 
been completed and the status pertaining to the carrying capacity of these estuaries is 
being assessed on the basis of the reports. 

• Development of EIA guidelines for major coastal developmental activities and 
processes like construction of ports, harbours and breakwaters, waste disposal from 
domestic and industrial wastes, marine transportation and coastal tourism, had been 
completed. The EIA guidelines for ports and harbours and coastal tourism have been 
finalized and sent to the Ministry of Environment and Forests for guidance and use. 
The draft EIA guidelines for marine out falls have been finalized, recently. 

• Development of model ICMAM plans for Chennai, Goa and Gulf of Kachchh. The 
draft Integrated Coastal and Marine Area Management Plan for Chennai has been 
prepared and presented to the Tamil Nadu Government for their consideration.  

 
  Under Infrastructure, Training, R&D and Survey component of the project, 
infrastructure facilities have been created to house a training facility. A state-of-the-art 
interactive training facility of international status has been set up in the ICMAM Project 
directorate at Chennai. Training is being provided to the coastal states and other stakeholders 
in the development of ICMAM Plans and use of GIS in the management of critical habitats. 
So far over 100 personnel of various coastal states, State Pollution Control Boards, etc., have 
been imparted training on application of GIS for integrated coastal zone management. R&D 
activities like determination of Use Classification for coastal waters and determination of No 
Impact Zone in critical habitats such as mangroves, lagoons etc., as part of the pre-requisites 
for adoption of ICMAM have also been carried out. 
 
Geographical Information System (GIS) 
 
 Geographical Information System (GIS) is an information system and a powerful tool 
that is designed to work with data referenced by spatial or geographic coordinates.  The need 
for optimal management of the resources in a coordinated and multi-disciplinary manner has 
necessitated the development of GIS, which helps to visualize, organize, combine, analyze, 
predict and query the spatial data along with non-spatial data.  Integration of different types of 
data to derive the optimum data product is a long-drawn process and it requires spatial data 
from maps, remote sensing data and non-spatial data from different sources, which includes 
developmental and socio-economic data.  Therefore, GIS acts as a powerful tool to assemble 
the data on various aspects of coastal zone and for evolving more balanced and coordinated 
management strategies for coastal zone.  
 

GIS is extensively used in the following coastal and marine applications: 
 

v Inventories of resource distribution, location of coastal structures, land use pattern, 
biodiversity, recreational areas, water resources, etc. 
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v Mapping of low lying areas for coastal protection and natural resources, 
v Monitoring and modelling of shoreline changes, sea level changes, movement of oil 

spills, wave parameters and their impact on coastal zone. 
v Developing predictive models for the marine resources by correlating the 

environmental parameters with the resource availability and abundance, through 
overlay function available under GIS software. 

 
Integration of Remote Sensing and GIS 
 
 GIS has the capability to provide the ancillary data required for achieving the highest 
levels of accuracy while integrating the secondary data sets acquired through fieldwork with 
that of remote sensing data. Remote sensing can provide timely data at scales appropriate to a 
variety of applications and merging this with GIS would provide the valuable information to 
various users. It represents a powerful technology for providing input data for measuring, 
mapping, monitoring and modelling within GIS.  
 
Inventories of resource distribution, location of coastal structures, land use pattern, 
biodiversity, recreational areas, and water resources. 
 
 Both spatial and non-spatial data on various parameters such as water quality, 
changes in the land use pattern, the geographical features of an area, river and road network, 
floral and faunal diversity, etc., could be displayed in GIS on a user-friendly mode and used 
as a ready reference on each habitat. 
 
Mapping of low-lying areas for coastal protection and natural resources  
 
 In mapping of natural resources and the low lying areas, which are prone to coastal 
inundation, GIS plays an important role.  GIS could be used in mapping the distribution of 
corals, mangroves and other marine living resources by integrating the primary and 
secondary data pertaining to these aspects and for locating coastal aquaculture sites. 
These maps would be useful for planning the management and conservation of the resources 
and take up measures as appropriate for their coordinated development and in preventing 
recurrence of large scale loss to life and property during natural calamities. 
 
Indian Ocean Modelling and Dynamics 
  
 This is a major initiative focused towards (i) enhancing the basic understanding and 
knowledge base on oceanic and atmospheric processes for predictability of ocean, climate and 
catastrophic weather events, and (ii) improving the operational prediction by the respective 
national agencies. The challenge is to develop a national team capable of (i) adapting global 
and regional models, (ii) understanding the oceanic processes and their coupling with 
atmosphere and land, (iii) fusion and assimilation of data from multiple sources, and (iv) 
integration into operational prediction system. 
 
 The basic objective of this project, which was launched in February 2003 by the 
Department of Ocean Development (DOD)/Indian National Centre for Ocean Information 
Services (INCOIS) is to enhance basic understanding and knowledge base on oceanic and 
atmospheric processes for predictability of ocean, climate and catastrophic weather events and 
improve operational prediction by the respective national agencies 

 
The participating institutions are Centre for Atmospheric and Oceanographic 

Sciences (CAOS)/ Indian Institute of Science (IISc), Centre for Atmospheric Sciences (CAS)/ 
Indian Institute of Technology, Delhi (IIT-D), Centre for Mathematical Modelling and 
Computer Simulation (C-MMACS), National Institute of Oceanography (NIO), Naval 
Physical and Oceanographic Laboratory (NPOL), National Centre for Medium Range 
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Weather Forecasting (NCMRWF), Indian Institute of Tropical Meteorology (IITM), India 
Meteorology Department (IMD), National Remote Sensing Agency (NRSA), Space 
Application Centre (SAC), Survey of India (SOI).  
 
The studies include: 
 
v Validation of Storm Surge Model.  
v Modelling of Air-Sea Interactions processes to study Genesis, Intensification and 

Dissipation of Cyclonic Vortices over Indian Seas. 
v Operational Integrated Indian Ocean State Forecasting System including wave, 

current and storm surges.  
v Numerical Modelling of Circulation, Salinity Intrusion and Sediment transport in 

Gulf and Estuaries. 
v Air-Sea Interactions in the Indian Ocean region. 
v Modelling Ocean-Atmosphere-Land Interactions in the North Indian Ocean. 
v Intra-seasonal to Inter-annual variability of the Indian Ocean. 
v Large Scale Air-Sea interactions in Asian Monsoon Region. 

 

The studies are expected to be completed by 2008.  
 
International/Bilateral Initiatives 
 

In 1993 the WWF-India in collaboration with AWB (Asian Wetland Bureau) 
published a more detailed ‘Directory of Indian Wetlands’. Such programmes are ongoing 
throughout India wherein the focus on wetlands as important habitats is not exclusive to birds 
but broadened to include large animals such as crocodiles, rhinos and swamp deer and also 
plants, invertebrates, fish and amphibians. Under the MoEF/UNDP sponsored Capacity 21 
program, a draft ‘National Policy on Aquatic ecosystems’ has been proposed. The National 
Policy outlines an ‘Action Plan for the Conservation and Wise Use of Indian Aquatic 
Resources.’ 
 
 India has been closely associated with the GEF (Global Environmental Facility) 
movement since its inception. The first meeting of the GEF Assembly was held in New Delhi 
in April 1998.  
 
 Through their Small Grants Program, UNDP/GEF has begun a project in Orissa 
for demonstrating the use of turtle exclusion devices (TEDs) in trawlers to protect 
turtles that arrive to breed. 
 
Other GEF-funded projects 
 
 ‘Management of Coral Reef Ecosystem of Andaman and Nicobar Islands.’ This 
ten-month project is designed to develop a full project for coastal conservation, management 
and sustainable use of coral resources and sustainable economic activities of the coastal 
communities of the region. It includes assessing threats to coastal communities besides an 
ecological inventory, assessing stakeholder participation, investigating co-financing options, 
comparison with other global and regional coral reef conservation initiatives and initiation of 
short-term actions to counteract immediate threats. 
 
 ‘Conservation and Sustainable Use of India’s Wetlands.’ This project will 
demonstrate community-based sustainable use and promote in-situ conservation of threatened 
wetland ecosystems through a small network of sites containing globally significant (endemic 
and endangered) species of flora and fauna. This project will serve as an archetype to guide 
future wetland policy and administrative measures. 
 

 ‘Conservation and Sustainable Use of the Gulf of Mannar Biosphere Reserve’s 
Coastal Biodiversity.’ The Gulf of Mannar Biosphere Reserve is located in Southern India’s 
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Gulf of Mannar and the biodiversity is principally threatened by habitat destruction, over-
harvesting of marine resources, and to a lesser, more localized extent, civic pollution. The 
overall objective of this project is to conserve the Gulf of Mannar’s globally significant 
assemblage of coastal biodiversity and to demonstrate, in a large biosphere reserve with 
various multiple uses, how to integrate biodiversity conservation into coastal zone 
management plans.  
 

India trains candidates from developing countries in water resources 
development and sends its own personnel abroad for training. It participates in many 
regional programmes sponsored by ESCAP, particularly on flood control and reservoir 
sedimentation.  
 

A Regional Seas Programme for the South Asian Seas Region was conceived as 
part of the 13 Regional Seas Programme of United Nations Environment Programme 
(UNEP).  The member countries are India, Bangladesh, Pakistan, Maldives and Sri Lanka.  
An action Plan for protection and management of coastal and marine environment in the seas 
bordering the above countries was adopted in March 1995 in New Delhi.  All countries except 
Bangladesh signed the Final Act of the action plan in March 1995 and Bangladesh signed it in 
June 1997.  The implementation of the Action Plan was initiated from Feb. 1998 with a goal 
to promote formulation of policies and management practices required for protection and 
development of coastal and marine environment at the national and regional level and 
development of capacity in region to accomplish the goals. 
 

The components of the Action Plan are Environment assessment, management and 
legislation, Institutional and Financial arrangements and supporting measures.  The above 
aspects of the action plan are implemented through development of priority projects.  The 
following are the four projects identified: 
 
• Integrated Coastal Zone Management 
• Development and Implementation of National and Regional Oil and Chemicals Spill 

Contingency Planning 
• Human Resources Development through strengthening Regional Centres of Excellence, 

and  
• Protection of marine environment from land based activities. 
 

 The South Asia Co-operative Environment Programme (SACEP), Colombo, an 
Inter-governmental body of SAARC countries is the Secretariat of the programme.  The 
overall authority and policy guidelines for implementation of the Action Plan rests with the 
Govt. which is carried out through regular Intergovernmental Meeting of Ministers held once 
in two years or as and when the need arises.  The meeting reviews the progress, approves new 
projects with work plans and budgetary resources.  A Consultative Committee comprising the 
representatives of the diplomatic missions of the member countries will meet regularly at 
Colombo to assist the Secretariat in the implementation of the action plan.  A National Focal 
Point to coordinate all activities relating implementation of the Action Plan at the national and 
regional levels and to interact with the Secretariat has been nominated by the Countries.  Cost 
of the operation of the Secretariat and related activities is borne from each member country 
contributions. 
 
Globallast Water Management Programme for preventing introduction of alien species 
 

Immigration of Marine species into new environment by ship ballast water, 
attached to ship hulls and via other factors has been identified by Global Environment 
Facility (GEF) as one of the four greatest threats to the world ocean.  In response to this 
threat the International Maritime Organization (IMO) has taken a number of initiatives.  As a 
specialized agency of the United Nations, viz. IMO is addressing these issues.  In addition to 
the initiatives, IMO has joined forces with the GEF, the United Nations Development 
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Programme (UNDP), Member Governments and the Shipping Industries to assist the 
less-industrialized countries to tackle the ballast water programme.  This programme 
will assist developing countries to implement effective measures to control the 
introduction of alien marine species, initially through six demonstration sites.  India is 
one of the participants of this programme. 
 
 In India, Mumbai has been selected as a demonstration site on the notion that ports 
such as Jawaharlal Nehru Port Trust and Mumbai are handling large quantum of cargo and a 
large number of ships using these ports as landing and berthing facilities. The studies of the 
ballast water discharge in these ports will yield a large volume of biological data, which is yet 
to be studied. Country Focal Point (CFP) in India is DG Shipping, Mumbai and two leading 
agencies working on this project are National Institute of Oceanography (NIO), Goa and 
Fishery Survey of India (FSI), Mumbai. 
 

National Institute of Oceanography is mainly dealing with phytoplankton, 
zooplankton, benthos and other microbes. Fishery Survey of India is dealing with Biological 
survey of finfishes, crustaceans and molluscs. 
 

The main objectives of the studies are to 
 

v Provide baseline data on the species composition/biodiversity distribution and 
abundance in all aquatic habitats of the port. 

v Identify the presence / absence of invasive aquatic species in the port. 
v Provide training and capacity building to personnel from India in all aspects of 

invasive aquatic species survey and monitoring. 
v Establish reference and voucher collection of invasive aquatic species in India. 
v Provide the foundation for an invasive aquatic species database / information system 

in India. 
v Prepare a data base inventory of existing natural population. 
v Identify invasive aquatic species if any based on the earlier old records. 
v Develop a separate catalogue of existing introduced species. 

 
Fishery Survey of India has completed four surveys during the year 2001-2003, under 

Mumbai Port Baseline Survey programme. During these surveys 136 species of Finfishes, 
Crustaceans and Molluscs were identified. They are: 
 

Fin fishes 76 
Shrimps 26 
Lobster 01 
Crabs 12 
Gastropods 17 
Pelecepods 02 
Cephalopods 02 

 
No invasive species have been identified.  
 

The Country Focal Point in coordination with Rambhau Mhalgi Probodhini has 
undertaken a Nation-wide campaign such as media awareness, grass root level activities and 
training cum orientation programme to generate grater awareness on ballast water among 
various communities. 
 
10.2 Proposed Measures 
 
 The major initiatives required to be taken up by India under the 7 programme areas as 
specified in UNCED are furnished below. 
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Integrated management and sustainable development of coastal areas, including EEZ. 
 

v Action is required for promoting conservation of habitat and marine living 
resources through designation and appropriate management of national parks, 
protected areas, sanctuaries, etc., as well as designation and appropriate 
management of nature conservation areas. 

v Development of necessary systematic coastal observation, research and 
information management system. We should provide access to and transfer 
environmentally safe technologies and methodologies for sustainable 
development of coastal and marine resources. 

v There is a need for developing technologies and endogenous scientific and 
upgrade the existing technological capabilities. 

v Creation of Centres of Excellence and supporting pilot demonstration projects in 
integrated coastal and marine area and resource management needs to be 
addressed. 

v Application of preventive and precautionary approaches and promoting 
environmentally sound technology and sustainable practices for developing 
scientific and technological means and research. 

v Development and simultaneous implementation of environmental quality 
criteria. 

v Investigation on maintenance of biological diversity and productivity of marine 
species and habitats under national jurisdiction through survey of marine 
diversity, inventories of endangered species, establishment and management of 
protected areas and support of scientific research and dissemination of its 
results. 

v Developing and maintaining databases for assessment and management of 
coastal areas, the seas and their resources. 

v Collection, collation and maintenance of data/information on coastal area 
resources, activities, uses, habitats and protected areas based on the criteria of 
sustainable development and exchange of information. 

 
Marine environmental protection 
 

v Develop means for providing guidance on technologies to deal with the major 
types of pollution on marine environment from the land-based sources according 
to the best scientific evidence. 

v Elimination of emission or discharge of organo-halogen compounds that to 
accumulate to dangerous levels in the marine environment. 

v Development of techniques to control and reduce the toxic substances and 
wastes, persistent or liable to bio-accumulate and to establish environmentally 
sound land based waste disposal alternatives to open ocean dumping and reduce 
land run off. 

v Considering the prohibition on use of certain pesticides and inorganic fertilizers, 
R&D efforts should be directed towards development of alternative methods for 
agriculture waste control. 

v R&D on establishing environmental quality standards and drainage standards 
particularly with reference to the organic load.  

v R&D on developing new type of tankers as well as technologies for cleaning up 
gas and oil emission from the ships besides treatment of waste oil and wastes at 
ports and harbours. 

v R&D on evaluating the effects of pollutants in the marine coastal and marine 
areas and developing technology and measures for dealing with red tide (toxic 
algal blooms) and oil spill. 

v Strengthening of R&D efforts to reduce water pollution caused by organotin 
compounds used in anti-fouling paints. 
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v Initiating programmes such as mussel watch particularly for assessing the 
bioaccumulation levels of heavy metals, pesticides, etc., in marine organisms, 
which would give an indication on the adverse effect of the organic/inorganic 
wastes in the open waters. 

v Develop application of low cost and low maintenance sewage installation and 
treatment plans. 

v R&D on identification and development of appropriate oil and chemical spill 
control materials including low cost locally available materials. 

 
Sustainable use and conservation of marine living resources of the high seas 
 

Management of high seas fisheries including the adoption, monitoring and 
enforcement of effective conservation measures is inadequate in our country. The provision of 
UNCLOS on the marine living resources of the high seas sets forth rights and obligations for 
taking up studies with respect to conservation and utilisation of these resources. India is yet to 
ratify the UN Convention on Straddling and Highly Migratory Fish Stocks including the 
transboundary stocks. 
 

Some of the major initiatives required apart from the assessment of marine living 
resources in our EEZ which is being implemented from 9th plan onwards by DOD, inter-alia 
include: 

Ø Developing and increasing the potential of marine living resources to meet 
human nutritional needs as well as social, economic and development goals. 

Ø Maintain or enhance the production of marine species at levels that can 
produce the maximum sustainable yield. 

Ø Promoting the development and use of selective fishing gear and practices 
that would help in minimizing the waste in the catch of target species and the 
by-catch of non-target species. 

Ø Promoting scientific research with respect to marine living resources in the 
high seas. 

Ø Regulating the exploitation of marine mammals on the high seas. 
Ø Devise effective management and conservation measures for fish stocks. 
Ø Develop measures to increase the availability of marine living resources as 

human food by reducing wastage, post harvest and discards and improving 
the techniques of processing, transportation and marketing. 

Ø Develop technique and R&D programmes to improve the understanding of 
the life cycles and migration of species found in the high seas. 

Ø Collection and correlation of marine environment data with high seas, 
marine living resources data including the impact of regional and global 
change brought out by natural causes and by human activities. 

 
Sustainable use and conservation of marine living resources under national jurisdiction 

• Improving the knowledge and identification of under-utilised and un-utilised 
marine living resource stocks, use of new technologies, better handling and 
processing facilities to avoid wastage, species management, etc. 

• Initiating studies on rejuvenation of coral reefs through transplantation of live 
corals in areas where the coral reefs are already degraded due to human 
intervention. 

• R&D on increasing biomass of living resources in the marine areas through sea 
ranching, sea farming and installation of artificial reefs. 

• Develop research capacities for assessment of marine living resources in the high 
seas and pollution and monitoring in the coastal areas. 

• Addressing critical uncertainties for the management of the marine environment 
and climate change. 
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Research and technology for positioning comprehensive observation system for 
clarifying and protecting changes in the marine environment as well as conserving the marine 
environment has to be given adequate priority. 
 

Scientific surveys and research on the circulation of carbon in oceans and the 
assessment of the effects on the marine ecosystems of increases in ultra violet radiation will 
continue to be promoted comprehensively. 
 
Strengthening international, including regional cooperation and coordination 
  
 The relevant sectoral activities, which address environment and development in 
marine and coastal areas, have to be integrated at national, sub-regional and global levels. 
 
Addressing the Gap in information 
 

Misinformation and communication gap have been at the root of human problems. 
The technology or knowledge developed and gained remains within the precincts of a few 
institutions, individuals as a guarded secret and when their mind opens up to share the 
information/knowledge, it is already outdated having no relevance to the situation prevailing 
at that time. Information and knowledge therefore, should not be the monopoly of some of the 
well-connected, having vested interests. Information dissemination should be beneficial to one 
and all.  To start with, networking among all stakeholders can bridge the gap between the 
scientists, policy makers and those at the grass root level. It will arouse awareness amongst 
them on the problems that they face are common for the entire mankind, and not just confined 
to the poorer sections of the society.   
 

To have relevant information that will help us plan our fisheries in a meaningful 
fashion is an important requirement. We also need to have better tools for gathering 
information. We do not yet know how reliable our stock assessment estimates are, which 
are based on a model developed for the temperate ecosystem, and that cannot be relied 
upon in the multi-species fishery in tropical countries like ours in the BOB area.  
 
 Indigenous/traditional knowledge of coastal communities is rich.  This has not 
been adequately utilised for formulating different coastal, marine biodiversity conservation 
programmes. Indigenous/traditional knowledge of people especially those who are 
dwelling in the mangrove, coral-reef, lagoon, island and other important coastal zone 
areas should be made use of for formulating policies and action plans with regard to 
local resource utilisation and conservation programmes.  
 

Better information is needed on the true, ecosystem-wide impacts of fisheries activity, 
particularly where new fisheries are being launched, major gear modifications are taking 
place, and/or major expansion of fishing effort is gathered, so that the burden of proof and the 
resources spent on trying to establish that proof are not the sole responsibility of 
conservationists.  There is a need for significant investment in information and indicators 
at global and local levels, where this information would find users and audiences.  If 
society is to sustain development, it needs good indicators, but it also needs individuals and 
groups who demand and use detailed, and quality information to solve problems and others 
who produce information to meet that demand.   
 

Environmental and social problems are not easy to diagnose when there is a lack of 
reliable, current, and geographically dis-aggregated information. The society lacks the detailed 
information or data to monitor, diagnose, and manage the problems at local, national and 
global levels.  Data for the social sphere are similarly limited. Reliable up-to-date spatially 
disaggregated information is lacking on poverty and other social concerns such as health, 
sanitation, education, and other basic amenities.   
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The Fishery Potential of the Indian EEZ has been validated and revalidated several 
times by various authors and the Ministry of Agriculture. However, the State level 
functionaries have serious doubts on the reliability of this information and also the validity of 
their assessment.  
 

 These data gaps also inhibit understanding of and consensus on the impacts of policy 
reforms, national and international, on poverty in the developing world. They also impede the 
formulation and execution of strategies to combat ecosystem degradation, and biodiversity 
loss.  As information costs continue to plummet, the scope for expanding the collection of this 
kind of information is immense.  Innovative information systems can track and deter 
industrial polluters and illegal deforestation.  
 

Governments should take actions, individually and through their participation in 
competent global and regional fora, to improve the quality and quantity of scientific data as a 
basis for effective decisions related to the protection of the marine environment and the 
conservation and management of marine living resources.   Particular emphasis needs to be 
placed on the collection of biological and other fisheries-related data/information and the 
resources for its collection, analysis and dissemination 
 

This points to the fact that our estimated fishery potential State-wise and depth-
wise needs to be reassessed on a scientific basis, with the involvement of all institutions, 
which already have the requisite capability and infrastructure to undertake these tasks. 
 

The World Bank in its World Development Report -2003 has outlined the need for 
intensive global effort to develop and fund a program to fill data gaps, which should include: 
 
v Spatially disaggregated data on economic and environmental health conditions for the 

analysis of local problems and impacts, 
v Coupling of satellite-based remote sensing data with local “ ground truthing” information, 

to measure the extent and quality of land under different types of habitat or land cover, 
v Local poverty, health, sanitary and infrastructure and education data linked to national 

needs, 
v Measuring hydrological conditions, 
v Enhanced investments in geospatial information, such as the availability of infrastructure 

services and accurate current maps of road networks, 
v Better coordination and augmentation of national/regional efforts to monitor the 

development goals, to increase comparability and to provide desirable levels of frequency 
and geographic detail. 

 
 It is high time a similar initiative is introduced for the BOBLME countries under a 
Regional Programme, as this is common to all BOBLME member countries.   
 

From the conservationist perspective, the solution is not to shut down fisheries, 
but rather to modify the type of management, and use public awareness to help raise 
political will for taking responsibility for the conservation of marine organisms.  Without 
decision-makers taking more responsibility for fisheries management and habitat 
protection, fisheries and marine biodiversity will be permanently compromised.     
 

Coming to terms with this lack of information is perhaps the first step required to 
move towards responsible fisheries. From employment, income, foreign exchange and 
national security points of view, marine fisheries are a significant sector and the 
economic profile of this sector demands generation of more diversified, reliable and 
accessible information towards a common set of objectives and goals. This would call for 
developing a national marine fisheries policy through a truly consultative process. 
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Fisheries Management 
 
 Fisheries modeling and resultant biological advice on stock status has been the 
cornerstone of fisheries management.  The concept of MSY coupled with the twin concepts of 
common property and open access is sufficient to cause problems. 
 
 The progressive application of management instruments in the form of total 
allowable catch (TACs), individual transferable quotas (ITQs), extended economic 
exclusion zones, property rights and limited fisheries access marked a move away from 
fisheries development    per se in an attempt to address conservation and economics 
issues did not prevent fisheries failures. It is reported that both TACs and ITQs suffer from 
a number of problems.  An extensive evaluation of North Sea flatfish Fisheries has indicated 
that there have been problems at all levels ranging from the consistency of the scientific 
advice to the translation of this advice into congruent management decisions. In addition, there 
have been problems with policing and enforcement of the catch limits. It is concluded that 
TAC system cannot control fishing mortality because it controls landings not catches and 
does not address discards.  TACs also require the cooperation of the fishing industry to 
avoid regulations being flouted.  When regulations are flouted, this leads in turn to a 
deterioration of catch statistics used in the scientific assessments.  A science based TAC 
system can, therefore, tend to undermine itself. In the absence of defined management 
objectives, it is difficult for scientists to produce convincing advice. This problem is 
compounded by final decisions being taken on political grounds rather than in deference to 
well defined objectives. (Daan, N. 1997). 
 
 Currently, in many fisheries, advice given for the purposes of managing the 
fishery has changed to emphasize the Minimum Biologically Acceptable Level (MBAL) 
of spawning stock, moving away from the MSY concept. In fact this shift is ecologically 
even less defensible than MSY and appears in many cases to now be the de facto management 
objective. TACs remain the primary regulatory instrument and are translated into national 
catch quotas.  The intention is to control the fish mortality. Simply, without direct controls on 
fishing mortality, fish can be caught in excess of quota and discarded or landed illegally.  
Once important consequence of this is that the quality and reliability of catch statistics has 
deteriorated.  Fundamentally, the failure of the TAC system has been caused by an imbalance 
between the exploitable resources and current fishing capacity.  This has resulted in 
considerable socio-economic pressure, leading to the widespread misreporting and discarding 
of fish.  These failures have also been a feature of fisheries elsewhere. 
 
 ITQs have also attracted criticism as a means of limiting fishing mortality despite 
being widely championed. ITQs are associated with achievement of long sought management 
goals such as resource conservation, economic efficiency and hence fisheries sustainability. 
Failure of TAC/ITQ approach stem from the thresholds used to determine them.  The greatest 
concerns stem from the use of MBAL as a management goal. If the MBAL is to be used as an 
action threshold and catches regulated by TACs, even if these are updated annually, it is 
necessary to manage stocks so that they remain well above the MBAL.  This may be some 
seven times the MBAL value to avoid the possibility that this critical threshold is actually 
reached. As such, adopting MBAL as a management objective, which is what seems to have 
happened in many cases, represents worsening of situations, where MSY was the goal.   
Rather than a limit to be targeted as a management goal, many scientists have pointed out that 
this is a critical point at which serious remedial measures/action needs to be taken to achieve 
more robust limit targets and allow the stocks to rebuild as quickly as possible (Marchal and 
Horwood, 1995). For some stocks in the North Sea fishery it has been possible to define a 
Minimum Biologically Acceptable Level (MBAL) of spawning stock although this estimate is 
subject to the potential errors as other components of stock assessments.  They are useful, 
nonetheless as a yardstick for assessment of the condition of the stock and as a regulatory 
parameter.  This is the level of spawning stock below, which the probability of poor 
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recruitment increases as the spawning stock size decreases.  In other words, the stocks may be 
in danger of severe depletion if not allowed to rebuild as quickly as possible.  This in turn is 
likely to lead to eventual collapse of the stock, roughly defined as a decrease to 5% of the 
unexploited stock size (IMM, 1997).  In these cases the recommendation is clear: The MBAL 
should not be regarded as a target but as an indicator of an emergency situation, 
requiring immediate action with a long- term goal of restoring stocks to beyond the 
MBAL to reach a maximum sustainable yield.  In cases such as cod populations where 
problems have been identified recommendations to reduce fishing effort by 70% or fishing 
mortality by 30% have been made to protect future recruitment (Cook.  1997).   
 
Participatory approaches 
 

There is a need for revamping the policies of the Government, which should provide for 
involving the community from the beginning of planning to implementation level. Typical 
examples are banning of toddy tapping without providing alternate employment opportunities 
or income generation, prior to introduction of such rules and regulations/restrictions/laws.   
Similar is the case in Gulf of Mannar.  Priority therefore, should be given for consulting the 
local community, prior to enacting any legislation.  Eco-development Committees have been 
set up in different areas for restoration of the degraded ecosystems, which are spearheading 
the activities concerning conservation, management and development of the affected 
ecosystems. 
 
 Participatory approach and community based resource management should be 
the key word for adoption in each country’s project implementation strategy.  The 
genuine needs of the community should be looked into before any programme is thrust 
on them.  The programme then will be successful.   
 
 Environment and community involvement go hand in hand and play a strong role even 
in implementation of the programmes.  NGOs and all other stakeholders make ICZM the best 
tool for conservation, development and management of coastal and marine environment and 
its living resources.   
 
Sustainable Aquaculture Practices 
 

Recognizing that challenges for better management of shrimp aquaculture are 
complex, and that improved practices often result from identifying and analyzing lessons 
learned and exchanging such information, the Consortium Program entitled “Shrimp Farming 
and the Environment” has been developed.  The partners are the World Bank, the Network of 
Aquaculture Centres in Asia Pacific (NACA), the World Wildlife Fund (WWF) and the Food 
and Agriculture Organization of the United Nations (FAO). The Consortium supported 35 
complementary case studies prepared by more than 100 researchers in more than 20 shrimp 
farming countries. These case studies have been developed through consultation with 
numerous stakeholders throughout these countries.  Cases range from specific interventions 
within single operations to thematic reviews of key issues in shrimp aquaculture.  The overall 
goal is to document and analyze experience around the world in order to better understand 
what works, what doesn’t and why. 
 
Issues to be addressed 
 
 The studies show that there are a number of key issues to be addressed through 
better culture management practices as summarized below. 
 

• Locating shrimp farms in areas that make efficient use of land and water 
suitable for shrimp production and conserves ecologically sensitive habitats and 
ecosystem functions.  
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• Shrimp farm designs and construction practices that reduce or limit off-site 
ecological damage.   

• Water exchange practices that minimize impacts on water resources 
• Efficient use of shrimp post-larvae and reduced demand on wild stocks. 
• Feed types and feed management practices make efficient use of feed resources, 

and ideally do not contribute to net loss of aquatic animal products.   
• Controlling off-site impacts associate with discharge of effluent and sold wastes.   
• Minimizing risks of disease affecting farmed and wild stocks. 
• Reduce risks to ecosystems and human health from chemical use. 
• Development and operation of farms in a socially responsible and way that 

benefits local communities and the country. 
• Shrimp aquaculture that contributes effectively to rural development and 

particularly poverty alleviation in coastal areas. 
 

The following questions are also important in implementation of better management practices. 
 

v What are the benefits and costs to farmers for implementation of the better practices? 
v What are the positive social and environmental impacts and synergies from their 

implementation? 
v What are the constraints to implementation, and how might these be overcome? 
v How can solutions be planned, implemented and enforced both at the national and 

local levels? 
 
 The Union Ministry of Environment and Forests insists upon the imperative need to 
undertake detailed environmental impact assessments of large-scale aquaculture projects. 
The EIA should include: (i) physical resources; (ii) biological resources; (iii) hydrology 
and water quality; (iv) socio-economic aspects and human use values; and (v) legal 
aspects.  
 
 The Government of India constituted an Aquaculture Authority in 1997 under 
the Environment (Protection) Act, 1986 to regulate aquaculture in the country and to 
make it sustainable.  The Aquaculture Authority is the nodal agency for scrutinizing the 
applications for establishment of traditional and improved traditional aqua farms in the 
country outside CRZ and approve them, provided they meet the stipulations contained in the 
relevant Acts, Rules and Regulations including CRZ, 1991 and to ensure development of 
aquaculture as an eco-friendly and pro-societal activity. Guidelines for sustainable 
aquaculture have also been evolved and put into practice.  Guidelines developed by the 
Aquaculture Authority on “Precautionary Principle”, “Polluters Pay Principle” and 
“Good Management Practices”, are being finalized for compliance by the aquaculture 
industry in the country.  
 
Farm management measures used to reduce impacts 
 

Some corporate sector farms, which purchased vast areas are presently using only 
part of them and claim that environmental impact, if any, is contained within the extent of 
their own land. Secondary aquaculture (oysters, mussels, seaweeds etc.) in effluent 
treatment ponds to settle suspended solids and remove nutrient/organic loads is under 
consideration and awaiting development of appropriate technology. 
 
Future management strategies  
 

As shrimp farming is developing fast, the following strategies have been developed 
for avoiding problems, (or reducing their impact): 
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v India needs to boost production of shrimp through aquaculture with 
environment and development as a unified motto. 

v Since the area available is vast, this can be achieved by application of 
environment-friendly technologies for optimal production rates against 
maximum production rates. 

v Sustainable development of shrimp aquaculture should be guided by the 
principles of social equity, nutritional security, environmental protection and 
economic development with a holistic approach to achieve long-term benefits. 

v New definitions and parameters of extensive, semi-intensive and intensive 
culture systems as suited to Indian conditions and Government policies rather 
than copying models of other countries (particularly those which have rushed 
and suffered) and the development of guidelines thereof. 

v Diversification of species among shrimps and to integrate fish wherever possible 
to suit the different agro-climatic and aquatic zones of the country. 

v Careful development of Coastal Zone Management Plans under CRZ to meet 
the requirements of coastal aquaculture development plans with some flexibility 
(as required) for specific areas. 

v Identification of aquaculture zones or careful consideration and provision of 
buffer zones against possible impact on other land uses; also intermediate buffer 
zones within aquaculture zones. 

v Consideration of the living, social and vocational needs of local people in 
villages/towns, in aquaculture plans, in order to avoid conflicts. 

v Development of sets of regulations on use/ban of drugs and chemicals, including 
antibiotics, in hatcheries and farms; on abstraction of groundwater and 
salinisation problems. 

v Development of standards for effluent discharge as applicable to local 
conditions. 

v Development of viable technologies for secondary aquaculture to gainfully utilise 
nutrient enriched farm effluents and encourage farmers to adopt such 
technologies with the necessary support. 

v In view of the fact that coastal farms are located generally in remote areas and 
cannot be monitored by external agencies on a reasonably effective basis, 
farmers/group of farmers should equip themselves with facilities to monitor 
possible important parameters at periodic intervals and maintain such records 
for their own benefits and for production to inspecting agencies. 

v Brackishwater Fish Farmer Development Agencies to be strengthened in all 
respects, including environmental management and disease diagnosis, 
prevention and control, through appropriate training and setting up district 
level laboratories for essential analytical and diagnostic work. 

v Manpower development at managerial and technician level. 
v Research-extension-farmer group meet for appropriate technologies and 

feedback. 
v Effective monitoring and enforcement of regulations. 

 
Research 
 
v A close and critical examination of traditional systems of aquaculture and 

improvements thereof for increasing production, productivity and returns. 
v Focus on environmental impact on a representative basis of ecosystems, 

technologies, production systems and regions to generate reliable data to 
understand interactions. 

v Research on need for and judicious application of drugs and chemicals where 
necessary, residual effects, withdrawal time, safe environment and safe products. 

v Research on feeds and feed technology vis a vis environmental health. 
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v Research on so-called enhancers of pond water and soil quality such as minerals 
and bacterial enzyme products. 

v Research on pre-disposing factors of diseases, diagnosis and preventive and 
control measures, with early warning system. 

v Farm effluent treatment and secondary aquaculture. 
v Genetic and biotechnology interventions for stock and production improvement, 

which might relieve pressure on environmental impact. 
v Research on disease-free and disease-resistant stocks. 
v Comparative economics with environmental audit of different culture systems. 
v Mechanisms for surveillance, monitoring and control of production systems with 

environment in focus for pollution indicator parameters. 
v Application of Remote Sensing Data in land use planning for aquaculture. 

 
Training 
 
v Institutionalisation of training for aquaculture and industry as in vogue for 

agriculture and industry. 
v Training of scientists in specific disciplines and specializations, as well as 

interdisciplinary training. 
v Training of planners, developers and managers of aquaculture. 
v Training of technicians in specialised fields. 
v Imparting training skills in trainers. 
v On-site training of farmers. 

 
Information exchange 
 
v Strengthening institutional infrastructure for information exchange. 
v Use of satellite communication system on a regional basis. 
v Preparation of compendium of regional information on important aspects such 

as regulations, permissible levels of pollutants, legal framework, etc. 
v Regional Aquaculture Review on a periodic basis in print form. 
v Strengthening and improving scientific publications/journals in the Region. 

 
Preventing land based sources of coastal pollution 
 
 The susceptibility and response of natural systems to pollutants is highly variable and 
the effects of pollutants are poorly understood.  Therefore, understanding how the entire 
physical, biological and geo-chemical system absorbs and responds to contaminants is 
essential for wise management and the ability to mitigate the impacts. Recent emerging 
capabilities for predictive modeling of coastal systems provide opportunities to develop a 
framework for managing and mitigating the effects of pollutants on the ocean. (Vellinga, 
1998). 
 
Programme support elements 
 
Organizational arrangements to co-ordinate among sectors and sectoral institutions 
 
 For the successful implementation of the objectives of the management strategies and 
other measures, which effectively deal with the degradation arising for land based activities; 
an efficient organizational arrangement to coordinate among sectors and sectoral institutions is 
essential.  At present in India, the Ministry of Environment and Forest which deals with the 
land based sources of Marine Pollution; Ministry of industries, Petroleum and Natural Gas 
dealing with coastal industries and refineries respectively; Department of Animal Husbandry 
& Dairying, dealing with fisheries; and Department of Ocean Development dealing with 
conservation of marine environment based on scientific principles and tools, need to be 
effectively coordinated to achieve the goal of the Action Plan.  Since the separate institutional 
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body for coordination would add to existing number of institutions, for the purpose of 
implementation of the Action Plan, the Central Pollution Control Board which has a major 
Advisory Body to the Government of India, be strengthened to deal with the management 
strategies and programmes as suggested in the present Action Plan. 
 
Legal and Enforcement Mechanism 
 
 The present Environment Protection Act forms an important Act for all environmental 
activities.  It has adequate provisions to deal with the environmental legislation arising out of 
land-based activities.  However, its focus on oceans in terms of standard seems to be 
inadequate compared to the needs.  Recently, it has notified ambient seawater quality criteria 
for different uses of seawater.  However, a comprehensive legislation to deal exclusively with 
marine environment or at least to provide guidance to deal with issues relating to marine 
environment is lacking at present.  Necessary rules need to be framed to deal effectively the 
land-based impacts on the Marine Environment and its resources. 
 
 At present, enforcement agencies suffer due to lack of adequate manpower and 
facilities to enforce the environmental legislations, guidance etc., which results in un-checking 
of large violations of environmental standards both by industries and municipalities.  It is 
necessary that these State Pollution Control Boards be strengthened sufficiently in terms of 
infrastructure and manpower. 
 
Financial Mechanism 
 
 Large-scale environmental degradation occurs due to dumping of solid and liquid 
wastes chiefly from the domestic sources.  The civic bodies like Municipalities and 
Corporations, which are under-funded even for day-to-day activities need to be provided with 
required funds for collection and treatment of wastes.  Large-scale funding by multilateral 
donor agencies is necessary to deal with the gigantic problem of sewage treatment. 
 
Means of identifying the pursuing research and monitoring requirements 
 
 The self-reliance and suitability of waste treatment technologies to Indian conditions 
can be achieved through in-house R&D in Indian institutions.  It is necessary to increase R&D 
efforts in this direction.  Further, present incentive to industries on R&D to develop new 
technologies should be augmented. 
 
 Conventional manual based monitoring methods are laborious in nature and hence 
technology to facilitate automatic monitoring of environmental parameters with less human 
involvement is essential.  Since automation in monitoring programme has to fulfill the legal 
needs and conditions, an exclusive research programme has to be launched to develop these 
techniques. 
 
Contingency planning 
 
 Contingency planning is required for establishments that generate and dispose toxic 
wastes.  Since these are generated largely by medium and large-scale industries, 
Environmental Impact Assessment of the project, followed by Effective Environmental 
Management Plan comprising contingent measures, in the event of accident etc, are essential.  
Mechanisms should be evolved for periodical checking of their effectiveness. 
 
People’s participation 
 
 Awareness on pollution and citizens’ responsibility to deal with the pollution 
problems are the fundamental needs for successful implementation of the action plan.  With 
the involvement of educational institutions and NGOs, widespread awareness programmes on 
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the negative impacts of pollution, habitat degradation etc., should be launched. It has been 
found that, in the Philippines, empowerment of local people in the management of the critical 
habits like coral reefs have yielded positive results on protection of these eco-systems.  
Necessary policy amendment to this effect is also needed in India.  
 
Inlet Management 
 
 Tidal inlets provide a conduit for water exchange between the ocean and coastal bays, 
lagoons and estuaries.  They also have a navigation route for commercial and fishing vessels.  
The four major water bodies viz. Pulicat, Ennore, Cooum and Adyar in and around Chennai 
City collect the effluents generated from upstream activities (industries and human 
settlements) and are discharged into the coastal water through inlets.  The two options for 
maintaining better water quality in water ways are i) reducing the load at source through 
treatment plant, and ii) improvement of flushing characteristics by facilitating tidal prism. The 
second aspect is discussed here. Since the east coast is sensitive to sediment transport 
(littoral drift), wide bars are formed at inlets during May-September (SW monsoon) and 
opened during the NE monsoon due to land runoff.   
 
 The effective management of inlets can be achieved by natural sediment 
bypassing at inlet (processes by which sediment moves from the up-drift to the down-
drift of the inlet).  In order to bypass the sand, naturally influencing parameters need to 
be understood.  
 
Recommendations for Integrated management for pollution problems  
 
 Pollution affects sectors like human health including aesthetics and tourism. 
Achievement of safety limits/criteria for water quality parameters, which have been 
prescribed, will minimize adverse impacts on the aforesaid sectors. The National River 
Conservation and Development (NRCD) supported project envisages complete treatment of 
sewage, which is the most appreciable effort.  However, in order to achieve the overall 
acceptable environment quality, following recommendations are made: 
 

• Devise solid waste management plans with environmentally acceptable methods for 
disposal/treatment of different types of wastes.  Discontinue the practice of dumping 
them in wetlands. This will reduce contamination of ground water and degradation of 
wetland. 

• Assessment of carrying capacity of the city waterways for inorganic and organic 
pollutants before estimating the quantity and type of wastes treated and also to fix 
achievable ambient water quality standards. This will facilitate achievement of water 
quality for desirable use.  

• Inventorisation of polluting sources with an objective to promote on-site sanitation 
projects.  Strictly prevent formation of slums.  Periodically review sewerage systems, 
upgrade and expand them before deciding new locations for human settlements.  
Ensure collection of all sewage.  Periodically maintain the sewers.  This would help 
to improve aesthetics in urban areas and facilitate treatment/proper disposal of 
sewage. 

• Ensure complete treatment of sewage collected at least up to the level of removal of 
bacteria if not the nutrients.  Evolve regulations for installations of Sewage Treatment 
Plants in medium and large restaurants so as to reduce the sewage load to treatment 
plants. Achievement of such a water quality will reduce contamination of pathogens 
in seafood. 

• Strict enforcement of disposal standards for large industries with community 
participation for checking the compliance. Such an effort would reduce contamination 
of fish. 
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• Enforcement of a condition that the new thermal plants should have cooling towers 
instead of using sea water for cooling purposes at all times.  Introduce such systems 
in the existing power plants in a phased manner. 

• Make public the monitoring results of industrial and domestic effluents. 
• Install automatic monitoring devices to check pollution levels from industries. 
• Group small-scale industries and establish appropriate common effluent treatment 

plant.  Dispose all wastes through sea outfalls with a minimum number of pipelines. 
This will help monitoring of effluents’ quality. 

• Use the concept of “seawater use” before deciding new industrial locations.  It helps 
in planning the type of industries and quality and quantity of wastes to be disposed so 
that water quality criteria pre-determined for ambient water body can be achieved.  
This will avoid conflicting use of land and surrounding areas. 

• Promote only environment friendly techniques for new industries and phase out 
technologies that are environmentally not friendly.  Continue the present practice of 
providing incentives that are adopting environmental friendly techniques. 

• Create awareness at all levels on the health impacts of air, solid and water pollution 
and facilitate adoption of preventive measures like safe disposal of solid wastes, 
discourage use of plastics and avoiding disposal of large particulate matter in the 
kitchen drains. 

 
Industrial Pollution  
 
 Most of the large-scale industrial units have set up adequate pollution control systems 
though there are complaints that do not remain operational always in some cases. Pollution 
caused by small and medium scale industries is, however, a matter of concern. It is, therefore, 
proposed to promote more Common Effluent Treatment Plants (CEPTs) where such 
industries are located in clusters. The programme of giving 25% subsidy for such CEPTs 
will continue. Initiatives will also be taken to move polluting industries, which are 
presently located in isolated sites, to locations where CEPTs are available. Special focus 
will also be on controlling pollution caused by sectors like leather tanneries and distilleries. 
At the same time, initiatives will be taken to phase out obsolete technologies, which are 
highly polluting such as mercury cell in chlor-alkali industries.  
 
Protection and conservation of critical coastal habitats   
 

Conservation measures need be decided based on sound knowledge and data and 
information about the areas such as the coastal processes and human induced alterations, 
which might have caused changes over years.  Conventional methods of storage and retrieval 
of data and information cannot be used by decision-makers to understand the various 
processes and factors that cause changes in the coastal areas.  Therefore, a computer based 
Information System” capable of storing and visualising the governing processes of the 
coastal areas are imperative to draw up management plans.  
 
 Immediate priority should be placed on the development and implementation of 
integrated coastal zone management strategies to effectively manage the coral reef 
ecosystems of the world.  These strategies should address human activities in the coastal 
watershed and marine area and involve combinations of: 
 

Public education, community development, economic incentives and alternative 
income generation, strengthening and using global or regional legal instruments for 
conservation and sustainable use of coral reef ecosystems, institutional restructuring, well-
managed marine protected areas, regulation and enforcement of reef resource exploitation, 
management of tourism and recreational activities and coastal development, using 
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environmental impact assessments, wise sitting of facilities, and coral reef ecosystem 
monitoring, mapping, database creation and restoration. 
 
 A concerted effort should be made to enhance the capabilities of countries, 
responsible for coral reefs to design and implement informed, effective integrated 
management systems, and to conduct scientific research.   
 
 Efforts must be enhanced to survey the coral reefs of the world to provide information 
on their ecological and management status. Scientific management information system is 
needed for understanding the relationship of natural to anthropogenic impacts; 
conducting damage assessments; understanding coral recruitment and the maintenance 
and renewal of corals; understanding water circulation patterns to determine the 
distribution of reefs and the fate of pollutants; and developing an improved scientific 
concept of what constitutes a healthy reef so it will be possible to gauge changes on 
impacted ecosystems, so that the health of coral reef ecosystems can be monitored in a 
systematic manner. This information will not only help local authorities monitor the health of 
their coral reef ecosystems and improve management capabilities, but it will also provide a 
perspective on the condition of coral reef ecosystems and climate change world-wide. 
 
 Planning is essential, and it should have a long term and integrated approach.  
Coral reefs have to be protected from degradation on the spot, as well as from any other 
activity generated on land and on the seas.  Therefore, all activities need to be integrated 
into a comprehensive plan, with a long-term approach. 
 
 Sustainable tourism development can allow countries with coral reefs to benefit 
economically from tourism, without suffering major ecological and cultural damage. To 
begin with, tourism carrying capacity must be determined and respected.  For example, an 
Island with a capacity to receive hundreds of visitors per year will lose its value as a tourist 
destination, and possibly even cease to provide the local population with a livelihood, if 
operators try to accommodate many times this number.  Confining activities like snorkeling, 
diving and fishing in specific zones, and designating protected areas where no such activities 
will be allowed, can help ensure that “ sand and sun “ tourism continues to be profitable over a 
long period.  
 
 A sustainable tourism development plan cannot be implemented unless the 
political will to do so exists at appropriate governmental levels. Experience shows that 
cooperation among different ministries or agencies (tourism, environment development) is 
essential. All stakeholders, including representatives of local communities and environmental 
protection associations, need to be included in decision-making and both current and future 
tourism projects. 
 
 An increasing number of tourists are concerned about the threat to the environment.  
They are frequently attracted by eco-tourism, by eco-labels, and by the opportunity to learn 
about the history and traditions of places they visit. These tourists are likely to choose 
facilities, operators or destinations that share their environmental concerns.  Countries with 
coral reefs would do well to cater to such visitors, and make it possible for them to report 
when they return home.  
 

Resorts, amusement parks, etc., would provide alternative source of employment 
and income generation for fishermen and rural communities.  The employment will be in 
the form of security men, gardeners and lawn maintenance personnel, catering assistance, 
boatmen in the lake, etc.  This additional income may help to stabilize rural communities, 
prevent migration to the urban areas and help the fishermen whose income has been 
declining day by day. (DOD/ICMAM-PD, 2002).  However, the study conducted by 
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Selvamani et al. (1999) expressed a totally different view that only 10% of the population is 
benefited in the resorts/entertainment activities that are operational at present in this area. 
 

There remains an urgent need for the conservation and sustainable use of 
biological diversity and the fair and equitable sharing of benefits arising from the 
utilisation of components of genetic resources.  The threat to biodiversity stems mainly 
from habitat destruction, over-harvesting, pollution and the inappropriate introduction 
of foreign plants and animals.      
 
Legislation or legislative framework for aquatic biodiversity 
 

A National Action Plan on Biological Diversity is being finalised. While 
consolidating the ongoing efforts of conservation and sustainable use of biological 
diversity, the draft Action Plan aims at establishing a policy and programmes including 
capacity building and bio-safety.  India had begun the processes necessary for conservation 
and sustainable use of biodiversity long before CBD. These were reviewed and cross-sectoral 
policies and actions required for sustainable use and benefit sharing were outlined in the 
National Conservation Strategy and Policy Statement on Environment and Sustainable 
Development of 1992. 

 
Management plan for lagoon ecosystems 
 

In Pulicat lake the mouth of the lagoon where the sea water ebbs and flows in should 
be kept open without much of human interference to have good tidal movements for the 
salinity distribution in the main lake region.  Fishing practices has to be regulated by 
controlling the juvenile fishing and over harvesting.  If possible, in Pulicat Lake one more 
opening in central part of the lake can be manually cut open to have good flushing in central 
part of the lake to reduce the salinity and turbidity in this region.  This can be done after 
studying the circulation pattern of water and sediment in the coastal and lake region. People 
are to be educated on the importance of saving Chilka and Pulicat Lake.  Since the technical, 
biological and social management involves different disciplines, the Government Authority to 
coordinate the activities of different disciplines but such a kind of agency is yet to come for 
Puilcat Lake since it involves two state governments (Andhra Pradesh and Tamil Nadu). 
 

Chilka and Pulicat lagoon, through offer the best potential resources for 
development of brackish water prawn culture, its natural unique ecosystem requires 
special reference / attention in respect of conservation measures. 
 

In Chilka Lake, if the available seasonal dry zone area in the periphery will be 
utilized for aquaculture projects in an unplanned way, the flood cushioning areas of the 
lagoon particularly in the northern sector will be drastically reduced causing high floods.  The 
migratory birds which visit the lagoon every winter in large numbers usually concentrate in 
several specific areas of the lagoon, where more of algal weeds and shallow and calm waters 
are available.  The main food of these birds is minute sludge life and vegetation and not fish.  
Therefore, shallow areas in the lagoon that are frequented by these birds need be excluded 
from aquaculture. 
 

In Pulicat Lake, aquaculture activity is going on in the channel area from bar mouth 
to Ennore creek.   Since the coolant water discharge from the Thermal Plant causes 
threat to the deterioration of water quality and biodiversity, usage of this water and 
discharge of nutrient rich waters in this zone will cause further stress on the this 
ecosystem.  Hence the selection of sites for the aquaculture development can be carried out 
after studying hydrodynamic nature of the water body in this region. 
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Sea-based sources of Pollution 
 

Ships have to take on water as ballast at times to ensure that the propeller and 
rudder are immersed and that the ship has proper stability.  But the water that is pumped on 
board may contain exotic aquatic organisms and harmful pathogens and other forms of 
marine life, which are returned to the sea at the end of the voyage, often thousands of 
miles away.  They then become established, especially where natural predators do not 
exist, sometimes causing havoc to existing marine life in their new environment. The 
Guidelines for the control and management of ship’s ballast water, as spelt out by the IMO 
should be complied with, to minimise the transfer of harmful aquatic organisms and 
pathogens. 
 

A critical analysis of issues related to shoreline management along the coast 
reveals that the impacts are due to natural aspects, e.g. change in wave climate, failure of 
monsoon and sediment depletion and manmade activities viz., development of ports, coastal 
structures and activities at upstream of estuaries.  The experience gained has shown that the 
measures taken to prevent erosion/ accretion are not fruitful due to lack of proper monitoring 
and understanding of the coastal processes. Hence, essential parameters such as waves, 
tides, currents and sediment characteristics need to be monitored and impact models are 
to be generated for prediction of future changes.  
 
 The recent data provided by IRS-P4 Ocean Color Monitor have been found to be 
extremely useful in regional sediment transport studies due to higher spatial resolution 
(360m), improved temporal resolution (2 days), especially chosen to get information related to 
suspended sediments, chlorophyll, yellow substance and aerosol optical depth. The objective 
of this study is to demonstrate the potential of integrating satellite derived data in 
sediment transport and shoreline change prediction models that are envisaged in 
shoreline management and ecosystem modelling. The results of these studies will be 
useful for regional level mapping of shoreline changes and to identify the cause for 
degradation of habitats such as coral reefs due to sedimentation and manmade activities. 
 
Land Ocean Interaction in the Coastal Zone (LOICZ) 
 
 One of the core programmes of International Biosphere-Geosphere Programme 
(IGBP) IGBP, Land-Ocean Interaction in the Coastal Zone (LOICZ) for understanding the 
changes in the coastal zones at regional and global scale particularly with respect to global 
climate change is taken up.  The primary objective of the programme is to determine carbon 
associated elemental fluxes in the coastal areas of India which are of potential contributor to 
land-ocean interaction, with a view to improve predicative capability of variability of the 
coastal zones of India due to climate change. The coastal areas, considered for study, are 
Godavari Basin and Eastern Arabian Sea Margin. 
 
Monitoring and modelling of shoreline changes, sea level changes, movement of oil spills, 
wave parameters and their impact on coastal zone. 
 
 GIS could be used for estimating quantitatively the areas of erosion and accretion due 
to natural littoral drift, human interference and their impact on shoreline changes.  Such a 
phenomenon is evident in places where breakwaters, harbours or ports are constructed along 
the coastline.  Wave action is the major factor for erosion and accretion.  
 
 GIS is also used extensively the world over for monitoring the movement and 
dispersal of oil spills, particularly in and around the ecologically sensitive coral reef beds and 
mangroves. 
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Integrated Coastal and River basin Management (ICARM) 
 
 The terms Integrated Water Resources Management (IWRM) and Integrated Coastal 
Zone Management (ICZM) are increasingly appearing high on the international agenda, 
following the declarations from United Nations Conference on Development and Environment 
in Rio de Janeiro and Agenda 21 in 1992. The concepts and general principles within IWRM 
(based on the Chapter 18 of the Agenda 21 on freshwater) are now fairly well known and are 
being consistently promoted, for instance by the Global Water Partnership and its regional 
arms. 
 
 A parallel development is ongoing regarding approaches for coastal zone 
management, which similarly has its offset in the Agenda 21, Chapter 17 on Protection of the 
Oceans, all kind of Seas, including Enclosed and Semi-enclosed Seas, and Coastal Areas and 
the Protection, Rational Use and Development of their Living Resources. In its 
recommendations, this chapter calls for the promotion of adaptable and flexible processes of 
integrated coastal and marine management (ICAM). 
 
 The 10 guiding principles of ICARM as outlined by UNEP, are: 
 

1. Identify the shared issues for river basin, coastal area and marine 
environment. 

2. Prioritize the shared issues and assess the need for and benefits of integrated 
management of river basin and coastal area. Define goals of the management 
initiative. 

3. Analyse cause and effect relations for the identified issues in the river 
catchments and coastal area. 

4. Define the problem area for the integrated approach and identify the 
stakeholders relevant to the issues, causes and effects. 

5. Secure political commitment as an absolute prerequisite for appropriate 
integrated management. 

6. Involve all stakeholders from the very beginning to secure their 
commitment. 

7. Establish a common knowledge and information platform as a major tool 
for participatory planning processes. 

8. Facilitate knowledge and awareness raising all relevant levels to create 
optional conditions for a participatory approach. 

9. Create an enabling environment for the management of river and coast to 
achieve sustainable solutions at national, river basin and local level. 

10. Encourage coastal and freshwater management institutions to make 
arrangements for an integrated management of catchments and coastal 
zones.   

 
 The development of modern approaches within these two natural resources 
management areas is taking place in basically different scientific environments, as 
freshwater and marine science and management traditionally are covered by different 
institutions. However, the freshwater resources play an important role in the coastal 
environment (and some opposite examples also exist). Thus, there is a need to clarify and 
harmonise resource management approaches taking account of this important interface.  
 
Freshwater Issues 
 

In the river basins, the main water issues comprise: 
 

• Increased pressure on the freshwater resources.  

• Proliferating water pollution.  
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• Inadequate access to drinking water.  
• Provision of water for food for the growing populations 
• Maintaining productive eco-systems.  
• Variability in water availability. 
• Flood and drought management.  

 

In the Coastal Zone also the Issues are similar to that in the freshwater regime. 
 
River Basin impacts on Coastal Zones 
 
River discharge 
 

The regime of river discharges has a profound effect on the salinity conditions in 
the river mouths, estuaries, delta areas, lagoons, mangroves and coastal wetlands. 
Persistent alterations in low flows and flood situations may bring about significant 
changes and impacts on eco-systems. 
 

Decrease of river flow due to river basin development or land use changes will 
affect the lower reaches and cause increased tidal reach inland along with increased 
saltwater intrusions. If the salinity increase persists permanent damage can be done to 
agricultural land, specialised ecosystems and wildlife habitats. This again negatively affects 
the livelihoods of communities in the affected areas. Also, intakes for water supply to the 
coastal population can become invaded by saline water. 
 
Water quality  
 

The quality of the river water in the lower reaches is a result of the basin’s soil 
quality, land cover, and – in particular - the human activities along the river. If river water is 
biologically or chemically contaminated it will have highly negative impacts on the 
health of coastal communities and ecosystems.  
 

Deterioration of water quality can have multiple causes, most of which are related to 
human activity. Insufficient treatment of sewage water from urban communities, polluted 
discharge from industries, mining activities, oil extraction, injudicious use of pesticides 
and fertilizers are just some sources of freshwater water pollution. 
 
Improved systems for Integrated Coastal Area and River Basin Management 
 
 The main objective of ICARM is to ensure the stability and the productivity of the 
aquatic ecosystems in a given coastal region through a sustainable economic and social 
development of the region and its associated river basin.  
 
 In this context it is important to acknowledge that the conceptual development of both 
IWRM and ICZM already to a large extent target the intentions of Agenda 21 towards sustainable 
management of natural resources (although implementation often lag behind). Thus, ICARM 
should not be considered a "new" or "alternative" way of management, but rather a way to 
actively focus on the remaining issues or "the gap" which is appearing due to the history or 
heritage from former institutional division of responsibility. Therefore, the ICARM approach 
naturally promotes the introduction/implementation of both IWRM and ICZM, but adds a specific 
focus on promotion and facilitation of the dialogue between the freshwater and the ocean world 
as well as on the provision of specific solutions to the management issues of this interface.  
 
 The key constraints in IWRM and ICZM to implementation of the ICARM objective 
need to be further identified, and priority issues for further development of ICARM shall be 
established. The following table includes some initial issues and concerns, which could be used 
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for preparing a more specific and operational programme focusing on specific areas and case-
stories. 
 
Management element IWRM constraints ICZM constraints ICARM issues 

 
Enabling Environment 

 
• Lag of concern for 

coastal waters in 
river basin 
legislation, policies 
and strategies 

• Lack of public and 
political awareness 
of the importance 
of coastal 
ecosystems and 
their links to river 
basins 

 

 
• Inadequate concern 

for coastal 
ecosystems in 
coastal legislation 
and policy 

• Lack of public and 
political awareness 
of the importance 
of coastal 
ecosystems 

 
• Legislation reform 
• Documentation of 

adverse impacts of 
river basin 
management 

• Creation of 
awareness of 
politicians, 
authorities and 
coastal user groups 

Institutional 
Framework 

• Institutional 
barriers exclude 
communication 
with coastal 
authorities 

• Dominant sector 
 bias 
• Insufficient 

institutional 
capacity 

• No access and 
participation for 
coastal 
stakeholders in 
IWRM 

 

• Insufficient 
interaction between 
land use planners 
and coastal water 
managers 

• Dominant sector 
bias 

• Insufficient 
institutional 
capacity 

• Establishment of 
institutional 
coordination and 
cooperation 
mechanism  

• Capacity 
development in 
integrated 
taskforces 

Management 
Instruments 

• Lack of effective 
implementation 
and enforcement 
tools 

• Lack of 
stakeholder 
involvement and 
responsibility 

• Insufficient 
inclusion of the 
benefits of coastal 
ecosystems 

• Lack of impact 
assessment and 
planning tools  

• Lack of effective 
implementation 
and enforcement 
tools 

• Lack of 
stakeholder 
involvement and 
responsibility 

• Lack of impact 
assessment and 
planning tools 

• Development of 
implementation 
tools 

• Improved 
stakeholder 
involvement and 
responsibility 

• Improved 
Valuation of 
coastal ecosystems 

• Use of tools for 
integrated impact 
assessments  
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 True linking of the management of rivers and coastal areas is at the moment more the 
exception than the rule, while linking the two fields is clearly feasible.  It is most of all the 
coastal ecosystem management that will benefit from an ICARM approach. Creating public 
awareness, mobilization of instruments, and capacity building are the key factors for 
successful implementation of ICARM initiatives.  
  
Developmental Plan Island Ecosystem (Andaman & Nicobar Islands) 
 

Based on the data and information collected from the 10 selected islands for 
Integrated Coastal Zone Management (ICZM) Planning, the following developmental plans 
are suggested, such as fisheries and tourism sectors, which have more potential for 
development.  Developments of the two important sectors in the islands are described below. 
 
Development of Fisheries 
 
 “Fisheries” is an underdeveloped sector in Andaman and Nicobar Islands.  The 
estimated fishery potential of the EEZ around Andaman and Nicobar Island forms 6.21% of 
the estimated fishery potential of the entire EEZ of India.  The fish production in the islands 
ranges between 25000 and 28000 tonnes.  That is about 7 % of the total estimated capture 
fishery potential.  The major constraints in development are fishing fleet size, gears, 
skilled manpower, less demand, low income, etc.  The following are the important issues in 
the development of fishing sector. 
 
Processing and Marketing of Fish and Fishery Products 
 
 Andaman has good potential for both capture and culture fisheries development.  
However, one of the limitations is non-availability of processing industries to export and 
market the marine products.  To increase the market for Andaman marine products, Marine 
Products Export Development Authority should take some active initiatives in association 
with Andaman & Nicobar Islands Development Corporation (ANIDCO) to increase the 
demand for capture fishery from Andaman and Nicobar Islands.  A separate marketing 
strategy for Andaman fishes has to be established to develop the international market. 
  
Manpower Development 
 
 The fishery resources available in most of the Islands of Andaman are un-exploited.   
Only 2700 fisherman are engaged in fishing activities.  The reason behind this is the lack of 
skilled fisherman in Andaman.  Even the fishermen who migrated earlier have shifted to other 
activities.  Since fishing sector has plenty of employment opportunities in the various islands 
of Andaman, the department of fisheries should actively play a role in the Human Resource 
Development in fishery technology.   
 
Capture Fishery 
 

Traditional fishing techniques and fishing gears have been mostly used in Andaman. 
With these gears, they can harvest only the shallow water fishery resources, and there is not 
much local demand.  Restrictions related to the fleet operations for the Islanders have to be 
minimized.  Only traditional capture fishery may be permitted in and around the sensitive 
coastal ecosystems for the livelihood of coastal fisherfolk.  However, in offshore areas 
adopting modern fishing fleets and technologies could help in developing fisheries. 
 
Aquaculture 
 

Although the fisheries department is interested in developing aquaculture and 
distributing the brackishwater land areas, the topography, and soil (acid sulphate soil) of the 
island is not suitable for aquaculture.  Department of Ocean Development is now developing 
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technologies for aquaculture practices in acid sulphate soils.  Hence, zoning for aquaculture 
development could be carried out based on technology development. 
 
Mariculture 
 
 Mariculture has a good potential in Andaman.  The potential organisms for 
mariculture are lobsters, crabs, shrimp, fishes, pearl oyster, turbo, tridacna, trochus, and sea 
grass.  Most of the inhabited islands are surrounded by sensitive ecosystems such as coral 
reefs, sea grass beds, mangroves etc., hence, the mariculture zones could be located beyond 
1000 metres from the sensitive coastal ecosystems.  The CRZ limit may be relaxed on careful 
study of the impacts on the sensitive areas. 
 
Basic Research 
 
 Harvestable limit, quantification and quality of fishery resources available in and 
around various islands are insufficient to develop an action plan for fisheries, which requires 
basic research.  Cultivable indigenous species and culture techniques are to be developed for 
Andaman Island waters.  Research on appropriate fishing technologies and international 
market analyses are the thrust areas.  Local departmental staff of various islands may be 
directed to collect baseline fishery data, for strengthening the database of fishing sector.  
Research on mariculture and aquaculture activities may be directed towards locating suitable 
sites. 
 
Development of Tourism  
 
 Tourism is an important developing sector in Andaman and Nicobar Islands.  There is 
a gradual growth in the number of tourists visiting these islands, most of them being short-
term tourists.  Based on the Andaman Tourism Department report, the tourist arrival to the 
island has increased by 776% for domestic tourists and 321% for international tourists in 18 
years period.  The Andaman Department of Tourism is generating revenue of about Rs. 145.6 
million/ year (1996) through its organized and unorganized activities.  The tourism department 
is interested in developing more resorts to attract the high value tourists to various islands of 
Andaman and Nicobar.  Since high value tourist spots such as sensitive ecosystems, habitats 
and wild life have attracted high value tourists, the proposal for developing permanent tourism 
infrastructure creates conflicts between various departments of the Andaman administration.  
The report submitted by National Environmental Engineering Research Institute (NEERI) on 
the Carrying Capacity Based Developmental Planning for Implementation of Master Tourism 
Plan in Andaman Islands has proposed suitable tourism sites in various islands such as  
 

1. Radha Nagar Beach of Havelock Island 
2. Sitapur Beach of Neil Island 
3. Lalaji Bay waters (lying between Long island and North Passage) for diving  
 

 There is no market research conducted for tourism development in Andaman and 
Nicobar Islands.  Since the islands are close to Thailand, Indonesia, Malaysia and Singapore, 
where tourism is an important revenue generating activity, Andaman and Nicobar Islands also 
have a better opportunity for tourism development.  Any development in relation to tourism 
should be socio-environment friendly (eco-tourism).  One of the Andaman Forest Department 
working circles is involved in developing eco-tourism.  The joint ventures of the tourism and 
forest department will provide positive results in tourism.  Sharing of responsibilities is very 
important in developing and managing eco-tourism, where the Forest Department can provide 
high value tourist spots and infrastructure to the Tourism Department, while the Tourism 
Department can market the resources and share the profit with the Department of Forest for 
managing or regenerating the natural resources. 
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Marketing  
 
 International marketing for the available tourism products and benefits has to be 
established.  The network with other international tour operators has to be developed and 
strengthened.  Good liaison between various local organizations and national organizations 
has to be established.  Tourism interest in Andaman Islands lies in their natural beauty; hence 
the marketing approaches should focus on environment and ecosystems.  Part of the benefits 
should also reach the local people to encourage them in involving and associating themselves 
in tourism development activities. 
 
Infrastructure Facilities 
 
 Infrastructure facilities for tourism development need to be strengthened because, 
homeland culture has more attraction to the high value tourists in developing countries.  The 
facilities established at Mount Harriot could be an example for developing any resorts in 
Andaman and Nicobar Islands. 
 
Advertising and Broadcasting 
 
 Suitable advertising policies may be developed to market the resources.  Suitable 
broadcasting technologies may also be adopted to compete with the neighboring countries.  
Advertising should not only concentrate on pristine environment, but also on the culture of 
society and rituals. 
 
Man Power Development 
 
 Manpower has to be developed to guide, take care of the needs of the tourists and 
transport them to various tourism places. Tourism people should develop skills in the areas of 
tourism, public relations and various social and cultural activities.  
 
Regulations 
 
 All tourist areas and infrastructures are to be created according to the existing 
regulations.  For beach tourism, the resorts should be constructed beyond the No 
Development Zone (NDZ) of Coastal Regulation Zone (CRZ).  However, the No 
Development Zone (NDZ) could be relaxed from 200 m to 50-100 m on a case-by-case basis 
depending on the ecological sensitivity and geographical extent of the beach.  Alternative 
diving sites and more glass bottom boats (rowing type) may be allotted based on the health 
status of the live coral cover and carrying capacity of the location.  Seawater Use 
Classifications and discharge standards may be applied to all uses of the coastal waters.  
Special regulations for foreign visitors and scientific investigations in the specified areas if 
any; may be applied, based on the requirements of Department of Environment by the 
Authorities of Ministry of Environment and Forests, Govt. of India. 

 
Sand Mining 
 
 Mining of sand from the coastal areas must be stopped immediately to avoid 
ecological destruction.  Mining activities around South Andaman have caused severe siltation 
problem on the live coral cover of Andaman and Nicobar Islands.  Land use changes along 
the shoreline of the islands by mining activities, significantly contribute to the siltation load of 
the coastal water body.  Other alternative construction materials should be used in local 
constructions to meet the demand.  Quarried sand from the access channels of jetties and 
harbors may also be used for construction requirements. 
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Water Harvesting and Recharge Structures 
 
 The Port Blair Municipal Board is the authority entrusted with the water supply for 
the town and adjoining areas.  Currently the water supply for Port Blair is met through two 
sources viz. from Dhanikhari Dam and from Jawaharlal Sarovar.  However, the rapid growth 
of population and increase in the tourist traffic has rendered an acute shortage of drinking 
water supply in Port Blair and the adjoining areas.  The capacity of the existing water sources 
is lesser than the demands; hence the water supply has been rationed for the last 8 years, 
particularly during the dry season.  The water supply is staggered by providing water once in 
two days to once in four days during dry season lasting from January to April.  To meet the 
growing water demands of Port Blair, part of Flat Bay may be embanked to develop a fresh 
water pond.  The secondary embankment should have a 100 m gap in Captains Island and 
Oysters Island.  For other islands suitable locations are suggested in the previous section. 
Energy Development 
 
 The islands have enormous potential for wind, wave, OTEC and tidal energy 
development.  Relaxation for developing any wind energy generating structures (present 
construction limit = 9 feet) may be permitted to increase the energy generation through 
windmills.  Tidal energy generation is also possible around the creeks lying between the 
islands.  Solar energy and biogas technology used in mainland may be adapted in the islands 
to increase the energy generation.  Wave and OTEC plants could also be considered for 
future, since the technology is available in the country .The following steps will augur well 
for the development of the area:   
 
• Modification of gear for selective fishing and reducing by-catch 
• Development of value added fishery by-products from low value fishes 
• Integrating fisheries to coastal area management plans 
• Curbing open access and over-exploitation of the resources 
  
 Institutions are central to improving the coordination in management of coastal and 
marine environment and the marine living resources.  Mechanisms need to be found to restrict 
fishing to levels that maximize the value of the resource.  Such improvements would 
significantly raise the total value of landed fish.  This will depend on stronger productive 
institutions, including improved monitoring and enforcement of fishing rules.  Improving 
monitoring, enforcement and research capacity is investment oriented, but a growing trend in 
fisheries management is to use part of the increased wealth generated by strengthened 
management of the fishery to finance this capacity.  This is a marked change from financing 
those activities from general taxation. 
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11. Priority Actions to address the Threats and Causes 
 

The most widely accepted means of protecting the environment in the face of the 
multifarious uncertainties is through adoption of a Precautionary Approach.  The wisdom of 
applying a Precautionary Approach as a central paradigm of environmental protection can be 
illustrated in relation to some of the known current impacts upon the coastal/marine 
environment.  Examples of such impacts can be drawn from a number of areas into a 
considerable list and include: Sea dumping; chemical, radioactive and sewage discharges; 
pollution from ships; fisheries exploitation; degradation and destruction of coastal 
ecosystems.  By considering these in relation to a precautionary paradigm and by formulating 
regulatory strategy accordingly there is a much greater chance that real improvements will 
result.  A precautionary approach recognizes scientific and technical limitations and promotes 
regulatory action in the absence of full evidence of a cause effect relationship.  In short, it 
allows incomplete data, uncertainty and indeterminacy to be taken into account in a 
meaningful way in the decision making process. 
 
11.1 Actions already taken 
 
11.1.1 Programmes on Climate Change 
 
 The implications of climate change for India could include greater monsoon 
variability and tropical cyclone formation. Models have been developed for long-range 
forecasting of south-west monsoon rainfall over India. To study the air–sea interaction 
processes and monsoon variability, a major multi-institutional ocean-atmosphere field 
experiment known as the BOBMEX (Bay of Bengal Monsoon Experiment) was successfully 
implemented, followed by the ARMEX (Arabian Sea Monsoon Experiment). 
 
 The Department of Science and Technology also supported the monitoring of the 
Indian Ocean region as part of the international Tropical Ocean Global Atmosphere-I 
(TOGA) Programme. To enhance understanding of the physical processes involved in climate 
variability, it supported multi-disciplinary and multi-institutional field observational 
programmes, like the Monsoon Trough Boundary Layer Experiment (MONTBLEX) and the 
Land Surface Process Experiment (LASPEX). The Indian Climate Research Programme 
(ICRP) has been launched to study climate variability at different time scales and its impact 
on Indian agriculture and economy. The programme consists of the following. 
 
v Analysis of observational data from ground-, ship-, and satellite-based measurements 
v Modelling studies with coupled ocean-atmospheric general circulation models 
v Identification of the climate component of agricultural productivity, impact of climate 

on environment, global warming and climate change. 
 
 A number of research and academic institutions in India have active programmes in 
climate science. The Indian Institute of Tropical Meteorology, Pune, is engaged in climate 
modelling, with the aim of developing a general circulation model to predict climate at 
seasonal scales. Scientists from the National Centre for Medium Range Weather Forecasting, 
the Indian Institutes of Technology, and the Indian Institute of Science (IISc) are also 
involved in climate impact modelling. Indian scientists and institutions are actively 
involved in all three international science programmes in global change— (1) World 
Climate Research Programme, (2) International Geosphere-Biosphere Programme, and 
(3) International Human Dimensions Programme. 
 
 India has introduced several programmes for long-term monitoring of oceanographic 
parameters, including the Sea Level Monitoring and Modelling Project, the National Data 
Buoy Programme, the Satellite and Coastal Oceanographic Research Project, the 
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Experimental Ocean State Forecast Programme, ARGOs Programme and Indian Ocean 
Modelling and Dynamics. 
 
 India also supports and participates in one of the International Geosphere-
Biosphere Programme’s core projects, Land–Ocean Interactions in the Coastal Zone 
(LOICZ). Launched in India in 1995 for the integrated management of the coastal 
environment, this programme is aimed at determining the effects of global change on the 
coastal zone and improving the ability to predict changes. 
 
 India is a Party to the United Nations Framework Convention on Climate Change 
(UNFCCC). India signed this multilateral treaty on 10 June 1992 and was the 38th country to 
ratify the Convention on 1 November 1993. The Convention was initiated after receiving 50 
ratifications on 21 March 1994. Being a non-Annex I Party, India is not required to adopt any 
greenhouse gases (GHGs) reduction targets, but is required to take steps contained in Article 
4.1 of the Convention. Actions and programs that have been initiated since signing the treaty 
demonstrate India’s commitment to climate change mitigation. 
 
 India’s Ninth Five-Year Plan presents the objectives and strategies for the 
Environment Action Programme and includes the directive to draw up a National Agenda 21 
document. In addition, a number of projects and studies have been implemented that deal with 
various aspects of climate change and GHGs reduction strategies on a regional or country-
specific basis. The funding for most of these projects comes through the Global Environment 
Facility (GEF), the United Nations Development Programme (UNDP), the World Bank, and 
the Asian Development Bank (ADB). Some studies are also being undertaken with support 
from various ministries of the Government of India (GOI). A few of the important activities 
are described below. 
 
11.1.2 Asia Least-cost Greenhouse Gas Abatement Strategy (ALGAS) Project   
 
 This is a regional UNDP/GEF project that is being implemented by the ADB. The 
project objectives are to build capacity and to conduct studies to assess the present level of 
GHGs emissions, to review options to reduce GHGs emissions, and to identify technologies 
that could be cost-effective for reducing GHGs. The project will also develop implementation 
strategies for GHGs reduction.  
 
UNEP GHGs Abatement Costing Studies 
  
 This initiative was undertaken by the United Nations Environment Programme 
(UNEP) in 1991 to clarify some differing results of GHGs emissions assessments. The project 
included analysis of modeling options, review of cost estimates, and a select set of national 
studies. The estimates for India indicate that the largest potential for reducing emissions 
is through afforestation (1,540 mtC, at a cost of  $ 42 billion, or $27 per tonne of carbon 
[tC] abated). It was reported that energy efficiency options had costs ranging from $3 
per tC abated (for coal washing) to $221 per tC (for enhanced rail freight movement). 
 
Greenhouse Gas and Pollution Prevention (GEEP) Project. The United States Agency for 
International Development (USAID) has been engaged in collaborative programs on 
energy efficiency in India for some time. The Programme for the Acceleration of 
Commercial Energy Research (PACER), the Energy Management Consultation and 
Training (EMCAT) program, and the India Private Power Initiative (IPPI) are some 
examples of USAID initiatives in the country. The aim of the project is to reduce GHGs 
emissions by catalyzing Indian development of efficient coal and alternative 
bagasse/biomass energy approaches for power sector expansion within India’s economic 
development program. 
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Environmentally Sound Energy Development Strategies. The primary objective of this study, 
sponsored by UNEP, was to contribute to the integration of environmental criteria in energy 
policy and planning, especially in developing countries, and to promote more environmentally 
benign energy production and use to achieve environmentally sound energy development. 
 
Climate Change in Asia: This study, sponsored by ADB, developed detailed analyses of the 
country’s vulnerability to climate or weather-related events, and the potential impacts of 
climate change in 2010 and 2070. National experts evaluated the technical and economic 
feasibility of options, both to adapt to climate change and to limit GHGs. 
 
Outreach and awareness creation 
 
 The most important way to reduce vulnerability and to strengthen adaptive capacity is 
through outreach and awareness creation. The Ministry of Environment and Forests, 
Government of India supports various training programmes, workshops, and projects 
related to climate change with an aim to strengthen indigenous capabilities of 
institutions for suitable long-term planning and assessment. A web site on climate change 
(http://www.envfor.nic.in/cc/index.htm) has been launched to enable widespread 
dissemination of information related to climate change. Outreach and awareness creation is a 
continuing effort, which is being carried forward actively by a range of governmental and 
non-governmental agencies working on climate change issues. 
 
11.1.3 New initiatives taken up by the Government for effective Coastal Zone  

Management in India  
  
Conservation and Management of Mangroves  
 
 Taking into consideration the ecological and economic significance of mangroves, the 
Ministry of Environment and Forests launched a Scheme on Conservation and Management 
of Mangroves and Coral Reefs in 1986 with an objective to conserve and protect the 
mangrove ecosystem from further degradation, to afforest the degraded mangrove areas, 
restoration of degraded areas, maintenance of genetic diversity especially of the threatened 
and endemic species and creation of awareness among the people on importance of mangrove 
ecosystem and the need for their conservation. A National Committee on Wetlands, 
Mangroves and Coral Reefs has been constituted to advise on implementation of the above 
programme. Based on the recommendations of the Committee, 30 mangrove areas have been 
identified in the country for conservation and preparation of management action plans. 
 
Conservation and Management of Coral Reefs in India 
 
 The National Committee on Wetlands, Mangroves and Coral Reef was constituted in 
1986 to advise the Government on policy issues related to censervation and management of 
these fragile ecosystems. On the recommendations of the National Committee, the following 
Coral Reef areas in the country have been identified for intensive conservation and 
management: 
 

• Andaman and Nicobar Islands 
• Lakshdweep Islands 
• Gulf of Mannar 
• Gulf of Kutch 

  
 The Ministry has been indentified as the National Focal Point of the Internal Coral 
Reef Initiative (ICRI) as well as  Global Coral Reef Monitoring Network (GCRMN). 
Similarly, UNDP/GEF PDFB Project on Management of Coral Reefs in Andaman is in its 
concluding phase. An India-Australia Training and Capacity Building (IATCB) Project on 
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Coral Reefs under Aus-Aid programme has also been lanunched recently. Immediate 
objectives of this project are to develop and implement Management Action Plan on Coral 
Reefs in India on the lines of Great Barrier Reefs in Australia. Ministry has also launched an 
All India Coordinated Project on Coastal and Marine Biodiversity for survey and 
inventorisation, training and capcity building and establishment of database network and web 
sites leading to effective management and sustainable utilisation of coastal resources. 
 
Declaring Biosphere Reserves (BR) 
 
 The programme was initiated in 1986 as a centrally sponsored scheme with the 
objective of facilitating in-situ conservation of major geographic zones. Biosphere Reserves 
areas are terrestrial and or coastal ecosystems, which are recognised within the framework of 
UNESCO’s Man and Biosphere (MAB) Programme.  
 
 Under this programme, the Sundarbans   Mangrove Forests and Gulf of Mannar have 
been identified as Biosphere reserves. Management and conservation programmes have been 
initiated for these two areas by the Government. 
 
Wetlands  
 
 The scheme on Conservation and Management of Wetlands was initiated in 1987. 
The main activities under the programme are data collection and survey, identification of 
problems, wetlands mapping, landscape planning, hydrology, control of encroachments, 
eutrophication, abatement, aquatic weed control, wildlife conservation, fisheries development, 
environmental awareness and research on various aspects of wetlands, and process and 
functioning of these ecosystems. 
 
 A directory on wetlands has been published describing 2107 natural and 65253 man 
made wetlands, occupying an area of 4.1 million hectares. A country-wide survey and 
mapping of wetlands has also been carried out using Remote Sensing Technology. 183 
wetlands of National and International importance have been studied in detail. The guidelines 
for the preparation of management action plans have been formulated which include 
components such as protection, catchment area development, sustainable fisheries 
development, wildlife conservation, pollution control, weed control and generating awareness 
about values and functions of wetlands. 
 
 The programme on wetland conservation is guided at the national level by the 
National Wetland Committee, which advises the Government of policy, planning and 
implementation of the programme. Steering Committee has been constituted at each State for 
formulation and implementation of Management Action Plans for identified wetlands. A 
Wetland Authority has been set up in Orissa, besides the Chilka Development Authority. 
 
 Like Chilka Development Authority, a Pulicat Lake Development Authority could 
be set up for conserving and manging this lagoonal ecosystem, as a joint effort between 
Tamil Nadu and Andhra Pradesh and also to include it as a Ramsar Site. 
 
Integrated Coastal Zone Management  (ICZM) 
 
 Any major developmental activity in or along the coastal region/waters or along the 
rivers has an effect on the entire coastal and marine environment. In case of islands of 
Andaman & Nicobar and Lakshadweep, any activity in any part of the island will have an 
effect on the coastal and marine environment of the island.  
 
 The Chapter 17 of Agenda 21 Action Plan adopted at the UN Conference on 
Environment and Development (1992) held at Rio has recommended Integrated Coastal Zone 
Management (ICZM) for conserving and managing the coastal and marine environment. This 
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approach of ICZM has been adopted by several developed and developing countries. The 
South Asian Regional Seas Action Plan and the Global Programme of Action for prevention 
and degradation of marine environment from the land-based sources of Pollution, etc., have 
also strongly emphasized the need for adoption of the concept of ICZM for rational 
development of marine environment and minimizing the environmental damage arising from 
the coastal and offshore developmental activities.  
 

Integrated Coastal and Marine Area Management (ICMAM) or Integrated Coastal 
Zone Management (ICZM) as popularly known is a planning and co-ordination process, 
which deals with development and management of coastal and marine resource. It involves a 
comprehensive assessment and setting up objectives, planning and management of coastal 
areas and resources, taking into account the traditional, cultural and historical perspectives 
and conflicting interests and uses.    
 
 Keeping in view the experience gained by the Government through implementation 
of CRZ Notification, 1991 for the last 10 years, the approach adopted by some of the other 
coastal countries and the recommendations of Agenda 21, the Ministry of Environment & 
Forests has initiated ICZM for some of the coastal stretches of the country. As a first step 
ICZM plan preparation has been initiated in Andaman and Nicobar, Lakshadweep and in 
identified stretches of Kerala. The main issues to be addressed through ICZM would be 
conservation and protection of coastal eco-systems, prevention of erosion and accretion, 
impacts due to sea level rise, prevention of saline water ingress, sustainable development and 
abatement of pollution. The Integrated Coastal Zone Management study for Andaman & 
Nicobar has been sponsored to Institute of Ocean Management, Chennai and for 
Lakshadweep and identified stretches of Kerala to Centre for Earth Science Studies, 
Thiruvananthapuram.  The studies are in the final stage of completion. Based on the interim 
report of the ICZM study for Andaman & Nicobar and Lakshadweep a decision has been 
taken for reduction of NDZ area to 50 m from the existing 200 m for the purpose of 
promoting tourism. During the financial year 2002-2003 the Ministry has assigned National 
Institute of Technology, Suratkal, College of Fisheries, Mangalore for undertaking ICZM in 
certain stretches of Karnataka. Institute of Wetlands and Ecological Designs, Calcutta has 
been assigned to carry out ICZM for the West Bengal coast including Sundarbans area.  The 
ICMAM Project Directorate under the Department of Ocean Development has developed an 
ICZM Plan for Chennai and presently is in the process of finalizing the ICZM Plan for Goa 
and Gulf of Kachchh in the West coast. 
 
Mapping of Coastal Ecosystems 
 
 For the purpose of protection, conservation and management of the critical coastal 
habitats and ecosystems, the Ministry of Environment & Forests, has initiated mapping and 
ground verification of these ecosystems/habitats. An integrated management plan is 
proposed to be developed for conservation and management of these coastal eco-
systems/habitats. While we prepare ICZM plans for the coastal stretches of the country 
we should keep in view the imperatives of economic development as well as aspirations 
and livelihood security of local communities. Any policy that does not take into account 
the needs of the local community will not be successful.  
 
Creation of a coastal information system 
 
 For the purpose of decision making with regard to various developmental projects to 
be undertaken in the coastal areas the MOEF has taken up initiatives for digitization of the 
approved Coastal Zone Management Plans prepared by each of the coastal states and Union 
Territories. Coastal Zone Management Plans in digital form would be made available to the 
State Government and Union Territories shortly. Further, National Informatics Centre has 
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been assigned the task of creating a website for the purpose of dissemination of information 
with regard to coastal zone management  
 
11.2 Proposed Priority Actions 
 
11.2.1 Community – Based Resources Management 
 
 In India only about 11% of active fishermen are members of the cooperative.  This 
limited coverage and the fact that cooperatives do not play a significant role in fisheries, 
restricts their involvement in management.  Nonetheless, there are some fisheries in India 
where traditional management practices are used to enhance resource use.  
 
 Several constraints were identified that could impede the establishment of 
community-based management systems. They include lack of competence and capabilities of 
the fishing community to take on management responsibilities; difficulties in determining the 
boundaries between different groups or communities of users including non-fishery users, and 
the political conflicts which may be created in the demarcation process; the unwillingness of 
politicians to make major and possibly politically costly, distributional decisions and devolve 
management authority; and the already high levels of over-capitalisation observed in many 
coastal fisheries. 
 
 A number of guidelines were formulated to promote and foster the development of 
community-based management systems, as follows: 
 

• Traditional and customary management systems should receive careful attention, 
appreciation and recognition. 

• All relevant aspects of existing customary practices need to be duly considered.   
• Governments should avoid all measures that may weaken or break-down desirable 

traditional or customary management regimes; 
• It should evolve out of the initiative of the fishing communities or groups themselves 

and these should be closely involved in the elaboration of criteria for membership in 
the formulation of specific fishing rights. 

• Governments should facilitate the process of formation of community organisations 
and the development of use rights through the creation of the required legal 
framework; provision of technical, scientific and financial assistance; and educational 
and training programmes which may best be delivered with the help of non-
governmental organisations. 

• Governments should take appropriate actions to manage industrial fisheries in such a 
way that their negative interference with small-scale coastal fisheries is reduced to a 
minimum; 

• Governments should assist in the enforcement of community-based management 
systems, particularly with regard to non-members of the community and rely, as 
appropriate, on self-enforcement on the part of the community or group; 

• Communities entrusted with management functions should also be given 
responsibilities        in environmental monitoring, in order to help maintain functional 
integrity of the ecosystems. 

 
 Increased awareness, improved legal and policy environment and improved self-
management capacity are the three aspects that need to be considered in community 
participation. 
 

The Philippines epitomizes the crisis of tropical marine biodiversity and coastal 
poverty, and is also home to pioneering work in establishing community based management.  
NGOs have initiated many community level projects; they conduct participatory rural 
appraisal, facilitate community organization, develop livelihood opportunities, introduce new 
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technologies (such as mangrove reforestation techniques), raise environmental awareness, and 
serve as community advocates to government agencies.   
 
 In traditional fishing communities near Galle, on the southwest coast of Sri Lanka, 
residents cooperate closely on artisanal fishing.  The men of the village crew a single boat, 
powered by oars.  The crew keeps part of the catch for their family’s consumption, and the 
rest is sold by the women in the local market.  One of the villagers is the main owner and 
operator of the boat, but all of the fishermen and their families share the profits.  The nature of 
this fishing technique, and the investment cost of the boat, which is quite large for coastal 
communities, leads the villagers to unite their efforts, and the fish stocks are effectively 
treated as common property.  At the same time the villagers cooperatively limit access, 
avoiding individual competing efforts that could deplete the stocks. 

 
Success in biodiversity conservation generally requires local support and 

involvement, including the empowerment of local communities as stewards, managers and 
beneficiaries of biological resources.  There is also a growing recognition that many 
communities already have their own effective and sustainable management systems.  This is 
evident at Pamban, Ramnad district of Tamil Nadu, where the fishermen community has 
imposed a self-restriction on fishing by traditional catamaran fishermen and the mechanised 
fishing sector.   While the traditional catamaran fishermen go for fishing on four days a week 
Tuesday, Thursday, Saturday and Sunday, the mechanised fishing operators go for fishing on 
Mondays, Wednesdays and Fridays.  This in the opinion of the local fishermen is to prevent 
conflicts, and to share the marine living resources between them. The State government does 
not have any role to play in this.  
 

People everywhere are looking forward to local self-governance, if not demanding it 
outright. They are wary of a governmental system driven from afar. There is clearly an urgent 
need to evolve a “more inclusive” system of human enterprise, one that responds to the needs 
of the poor. A better-informed public will be able to question decisions made that affect them 
and their community. This is because information not only increases awareness but also 
improves understanding. It also creates and builds accountability, and thus compels action. 
 
 Coastal zone management including fisheries management deals with multiple user 
groups. Sustaining these resources calls for active participation of all users in decision 
making, planning/evolving, managing and implementing the action plan and enforcing the 
regulatory measures for conservation, management and development of the resources. The 
concept of people’s participation in natural resources management is recognized world over 
and it is essential that the fishing community should be directly associated in resource 
management, with the active support from other stakeholders including NGOs, academic, 
scientific research organisations and industry. 
 
 In the opinion of Prof. S. Ramachandran, the people should be grouped into a unit.  
They should be told how to evolve and implement a community based resource management. 
The coastal community should be consulted before any resource management programme is 
initiated, and should be involved right from the planning and formulation stage and then they 
should be left to handle the resources themselves and share the benefits equally. The 
intervention from the Government or any R&D Institution or an NGO should come only in 
the form of policy guidelines, financial, technical and extension support. Legal empowerment 
should also be given to this Group.  It should then be linked to a Panchayat Raj system and 
the prevailing traditional padu system/methods to avoid conflicts. They should be kept well 
informed about the rules and regulations given by the Government.  Since the people 
themselves are involved in all the activities, they will follow all the rules/regulation and 
policy guidance and conserve/protect and manage the resources in a sustainable manner.  
Social science to be linked to Natural Science and it should be linked to ICZM.  Pilot projects 
should be undertaken under this concept.  It should be linked to any rural village level local 
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bodies.  This would be the best way to conserve, manage and develop the coastal and marine 
environment and its living resources. Therefore, social empowerment, involvement of 
women’s groups and people’s participation in decision-making processes and resource 
management programme implementation, should be promoted.     
 
11.2.2 Increased production, reduction of post-harvest losses and use of under-utilized 

species for food security 
  
 An analysis of the available information had made it amply clear that there is a 
resource loss at every stage right from fishing to marketing and export stage.  While a large 
number of deep sea trawlers and fishing boats discard a huge quantum of low value fish back 
in the sea, the fishermen by resorting to destructive types of fishing and shrimp seed 
collection, kill a large number of eggs, juveniles and a huge quantum of valuable seed of a 
number of fin fish and shell fish.  These destructive and unregulated fishery practices have led 
to decline in the catches over the years.   Fisherfolk are of the view that these destructive 
methods of fishing including catching of juveniles and discarding fish low value fish should 
be banned. Even though there are adequate provisions in the rules and regulations for 
preventing such destructive and unregulated methods of fishing, there is no enforcement 
mechanism in the fishery administrative departments.  In the opinion of fisherfolk there 
should be strict and stringent enforcement measures adopted by the coastal states.   
 
 This calls for strict enforcement of the provisions under the Marine Fishing 
Regulation Acts and also putting in to practice the measures contained in the Code of 
Conduct for Responsible Fisheries.   
  
 It has been generally viewed that the post-harvest support for fishery is negligible as 
compared to that of the agricultural and horticultural produce. A cross section of the 
stakeholders, starting from the planners, administrators and the fishing community are of the 
opinion that the facilities available in the fish landing centres (both in the organized and the 
unorganized/ beach landing centres) for preservation, storing, transportation and marketing 
are grossly inadequate thus leading to post-harvest losses and consequent reduction in the 
income of the fisherfolk.  One of the major requisites for ensuring better return to the 
fishermen for the produce, is to establish cold storages in adequate capacity depending 
upon the quantum of fish landed in the beach landing centres or unorganized landing 
centres, establishment of platforms for hygienic handling and marketing of fish, 
provision of safe drinking water and sanitary facilities.  This will help them to realize 
the best value for their fish and fishery products.   
  
 It is noted that the fisherfolk particularly fisherwomen of Tamil Nadu, Andhra 
Pradesh and Orissa have been trained to produce value added fishery products, such as, fish 
and shrimp pickles and fish drying as a cottage industry.  Apart from this they are not aware 
of any other fishery product that could be marketed by them.  They are more interested in 
producing conventional fishery products like dry fish which in their opinion has a ready 
market locally, than any other value added product.  
 
 The Central Institute of Fishery Technology, Kochi under the Indian Council of 
Agricultural Research and Integrated Fisheries Project of the Department of Animal 
Husbandry and Dairying in the Ministry of Agriculture, Govt. of India give requisite training 
to the fisherfolk for production of different processed and canned fishery products.  
 
 One of the other priority areas of action, therefore, should be to impart training 
to fisherfolk particularly the fisherwomen for production of value added products from 
low value fish.   
 
11.2. 3 Use of selective fishing gear for resource specific fishing 
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 Resource specific fishing per se in India is non-existent, except for shrimp fishery.  In 
real terms, there are no tuna long-liners, squid jiggers or those, which could go for fishing of 
deep-sea lobsters, deep-sea shrimp or mesopelagics.  Of late monofilament yarn is used for 
tuna fishing even in some of the BOBLME countries such as Sri Lanka. The indigenous 
fishers have no capacity, suitable vessel, and gears for selective fishing for the under- 
exploited resources.   The fishermen who are going for multi-day fishing using mechanized 
fishing vessels have indicated that if proper incentives are provided for modifying their 
fishing vessels and make them suitable for resource specific fishing, particularly tuna or deep 
sea shark, lobsters, squid/cuttlefish or deep shrimp, and if they are provided adequate training 
in deep sea fishing they would prefer to go for resource specific fishing.   They also informed 
that they should be allowed to import high quality monofilament yarn and hooks from the 
neighbouring countries free of excise / custom duty or at concessional rates, as the hook and 
the monofilament yarn produced indigenously are not of high quality and unsuitable for 
fabrication of hook and line for tuna fishing.   
 
 Priority action required in this regard is to provide the requisite financial and 
technical support to the fishing community for venturing into offshore resource specific 
fishing through modification of the existing trawler / gill netters for tuna or deep sea 
shark or squid / lobsters / deep sea shrimp fishing or mid water trawling. This will help 
the fisherfolk to expand their area of operation beyond 100 m depth zone and thereby 
reduce the fishing pressure within the coastal areas and sustainably tap the under-
exploited deep-sea resources.  
 
11.2.4 Fishing capacity 
 
 The coastal marine fisheries in India, is an open access fishery with out any limits on 
either the effort or the catch. Over the past decade there had been a substantial increase in the 
number of mechanised fishing craft operating in the area within 50 - 100 m depth, from 
around 34,000 to 53, 680, an increase by almost 55% over the 1991-92 figures.   To optimize 
the fishing fleet size, a “National-Level Review Committee to assess the area-wise 
requirements of different categories of fishing vessels below 20 m OAL” constituted by the 
Ministry of Agriculture  
 
Ø To review the present deployment of different categories of fishing fleet (below 20 m 

OAL) and their area of operation. 
Ø To make an assessment of the optimum size of the present marine fishing fleet (below 20 

m OAL) category-wise and zone-wise for deployment vis-à-vis the potential of the fishery 
resources in the EEZ. 

Ø To identify the steps to equip the traditional/motorized and mechanized fishing fleet with 
navigation/communication equipment and to upgrade the technical skills of the fishermen, 
and   

Ø To suggest measures for effective conservation of fishery resources in territorial waters. 
 

This Review Committee has concluded that new generation resource-specific vessels 
of about 18m OAL, including trawlers and gill netters-cum-long liners, could be added to the 
fleet to tap resources beyond the 50 m depth zone in the Indian EEZ. It has further suggested 
that the fleet size of the motorized craft should not exceed 50,000 to ease out the fishing 
pressure on the near-shore resources by extending the area of operation of traditional 
fishermen beyond 50 m depth.   
  

Problems of over-fishing, over-capitalisation, and environmental degradation need to 
be addressed and redressed. On the issue of resource conservation, a move to impose uniform 
ban on fishing during monsoon months has been initiated. In the East Coast, Andhra Pradesh, 
Tamil Nadu, Pondicherry and West Bengal have been enforcing ban on fishing during mid-
April to end-May.  In Orissa this ban is yet to be introduced.  There is a general feeling 



 232

among the traditional and mechanised fishing sectors across the east-coast states that the ban/ 
closed season for trawl fishing will be beneficial only when it is uniformly enforced, made 
more stringent and provision of some sort of a compensation to the fishermen families in kind 
or incentive (as in the case of Pondicherry where Rs. 300/- and a bag of rice per fishermen 
family is given at the end of ban period) is given to meet their daily ration. They are also of 
the opinion that it will help in reducing the fishing pressure and stimulate rejuvenation of fish 
stocks. Majority of the fishermen interviewed during the stakeholders meet in different states 
were of the opinion that the fish catch last year after the 45 day ban period was better than this 
year. They also opined that they would even welcome an extension of the ban period to 60 
days, provided the ban is uniformly implemented in all the coastal states with proper 
enforcement of the rules and regulations by the respective State level functionaries.   
 
11.2.5 Code of Conduct for Responsible Fisheries (CCRF). 
 
 The Code of Conduct for Responsible Fisheries defines in the General principles that 
“The right to fish carries with it the obligation to do so in a responsible manner.” It sets out 
principles and standards of behaviour on the part of every stakeholder and aims at effective 
conservation, management and development of the living aquatic resources including both 
freshwater and marine. The Code covers a wide range of fisheries and fisheries related 
activities including fishing operations and capture fisheries, fish processing and trading of fish 
and fishery products, aquaculture, fisheries research and the integration of fisheries into 
coastal area management. 
 
 The Code calls upon the States to evolve and put into practice concrete conservation 
and management measures based on the best scientific evidence available; co-operate in the 
management of transboundary, straddling and/or highly migratory fish stocks; set up 
mechanisms for monitoring, surveillance and control of capture and culture fisheries activities 
and strict enforcement of the rules and regulations for protecting, conserving and managing 
the marine resources and the environment; restrict and prevent excess fishing capacity 
commensurate with sustainability; adopt the precautionary approach as a guiding principle for 
fishery management; regulate fishing in such a way as to avoid conflict among fishers; take 
measures to minimize waste, discards, ghost-fishing, catch of non-target species including 
eggs, larvae and juveniles; integrate fisheries into coastal area management; establish an 
institutional mechanism/framework for evolving and implementing policy measures and 
regional co-operation to facilitate sustainable use of coastal resources. 
 

Over fishing and excess fishing capacity should be prevented or eliminated through 
the adoption of management measures and mechanisms to ensure the sustainable management 
and utilisation of fishery resources and to undertake programmes of work to achieve the 
reduction and elimination of wasteful fishing practices, wherever they may occur, especially 
in relation to large-scale industrialized fishing.    
 
 The coastal States of east coast of India have already taken a number of steps for 
implementing the Code, which have been elaborated under para 3.3.  
 
 Following suggestions emanate from the overview of the marine fish stocks and their 
management in the Indian EEZ towards addressing various objectives of the Code of Conduct 
for Responsible Fisheries and providing means and ways, and necessary platform to 
implement them (Somvanshi, 2000). 
 
Ø The legislation for coastal fishing vessels and deep sea fishing vessels should be 

compatible with each other so as to bring effectiveness in conservation and 
management measures and to ensure sustainable fisheries. 
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Ø The legislation should, in addition to closed season, place restrictions on mesh size 
and fishing practices, provide for flexibility in quantum of fishing effort 
commensurate with the year’s crop in the fishery. 

Ø For convenience of implementation of these measures, there should be uniform zones 
for each category of fishing craft and the colour code specific to the crafts fishing in 
each zone. The name of the craft and its registration number should be in larger and 
standard size so that these crafts will be easily identified by the agency monitoring the 
fishing activities. 

Ø Stocks of certain fish species should be restored and rebuild through short-term and 
long-term rehabilitation measures. 

 
In each coastal district a “Marine Responsible Fisheries Agency” (MRFA) should be 

established to implement the CCRF. 
 

More efforts are needed at the regional level in the BOBLME region to put into 
practice some concrete measures for integrating fisheries in coastal zone management and 
conservation and management of the resources. 
 
Vessel Monitoring System (VMS) 
 

The Code of Conduct for Responsible Fisheries in Article 8, Para 8.1.4 states that for 
fishing operations, “States should, in accordance with international law, within the framework 
of sub-regional or regional fisheries management ogranisations or arrangements, cooperate to 
establish systems for monitoring, control, surveillance and enforcement of applicable 
measures with respect to fishing operations and related activities in waters outside their 
national jurisdiction”. The Core Group constituted by the Ministry of Agriculture, 
Government of India, for this purpose has recommended implementation of a Pilot Project, 
under which the Indian Space Research Organisation (ISRO) would provide terminals for five 
survey vessels of Fishery Survey of India. The reporting system of the FSI vessels has been 
reviewed by the Core Group and it has been decided to extend the facility and to install 
terminals on all FSI vessels and ten more terminals on larger commercial Indian owned/Joint 
venture fishing vessels operating in different fishing zones of the Indian EEZ. The 
Association of Indian Fishery Industries (AIFI), Visakhapatnam and the Deepsea Fishing 
Industry Association (DFIA), New Delhi have been asked to identify suitable vessels 
operating in different sectors of the Indian seas for installation of VMS terminals. The 
installation of VMS would be implemented in a phased manner and the facilities extended to 
Indian owned deep-sea fishing vessels. Possibilities of their installation in the mechanised 
boats also would be explored. 
 
 The installation of VMS shall enable monitoring the fishing vessels operations in 
the Indian EEZ and facilitate: 
 
v Enforcement of conditions of fishing permits. 
v Implementation of Government rules and regulations and policies from time to 

time. 
v Implementation of Marine Fishing Regulation Acts. 
v Illegal, Unregulated and Unreported (IUU) fishing activities of the vessels in the 

Indian EEZ. 
v Search and rescue. 
v National security. 

 
11.2.6 Application of GIS for resource assessment, analysis and planning 
 
 In the realm of fisheries, the draft International Plan of Action to Improve Status and 
Trends Reporting developed by FAO Advisory Committee on Fisheries Research, if adopted, 
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will contribute positively to global food security (West, 2003). The goal of the Plan is to 
increase our knowledge of the quantity of fish and other marine life and to determine whether 
the stocks are changing over time.  This programme underscores the role of marine science in 
the assessment of fish stocks and their sustainable use.  Those interested in pure science gain 
a more accurate measure of world’s marine bio-diversity, while those interested in special 
applied marine science gain a better understanding of the quantity and value of stocks in 
waters under their national jurisdictions.   
 
 A new US-led international initiative called “Geographic Information for Sustainable 
Development (GSID)” has been initiated.  GISD uses a new generation of earth observation 
data, state-of-the-art GIS linked technologies, and field-tested geographic knowledge to 
provide information for sustainable development.  The goal is to assist local, national, and 
regional agencies to address long-term challenges such as disaster mitigation, natural resource 
management, and poverty alleviation.  
  

One of the applications of GISD is along the coastal zone of Tanzania and Kenya – a 
region that is experiencing rapid urban development, growth in tourism and mariculture, and 
experiencing population growth that threatens coastal resources and natural systems such as 
coral reefs and fish-breeding grounds.  The GISD initiative provides processing of satellite 
data and construction of GIS maps that will help analyse rates of change over time in coastal 
resource and land use patterns. These analyses, in turn, will help identify priority locations for 
coastal action planning and conservation, aquaculture and tourism development planning and 
land use zoning.   The project is intended to provide a major boost to long-term efforts to use 
science to improve the management of coastal resources. 
 
 It is imperative that a regional programme covering a few or if not all the 
BOBLME countries, on developing GIS-linked technologies for coastal and marine 
resources conservation, development and management, is initiated, with GEF funding 
support.   
  
11.2.7 Creation of artificial reefs for resource enhancement 
 
 Artificial Reefs (ARs) are man-made or natural objects specifically placed to attract 
fish, provide or improve fish or shellfish habitat, and increase fish biomass locally.  The 
extent to which the ARs increase fish biomass or redistribute existing stocks of fish is not 
clear.  However, even if they do not substantially increase fish production, they can be used as 
effective fisheries management tools.  The increased standing fish crop around artificial reefs 
reduces fishing effort and therefore, saves time and fuel.  The idea that certain types of 
external objects in the sea tend to attract fish to them has undergone considerable evolution 
among the fishermen of the region (Kurian, 1991).  In certain parts of Tamil Nadu Artificial 
reefs have been deployed in the coastal waters for serving as an artificial habitat for 
encouraging congregation of fish and other marine organisms.  Very recently M.S. 
Swaminathan Research Foundation, has fabricated and deployed a few ARs in Gulf of 
Mannar (Tuticorin group of Islands) for resource conservation.  However, it is yet to become 
popular in the State.   
 
11.2.8 Integrated Management options 
 
 To keep up the habitats and sustainable fish production for sustenance of fishers, the 
following measures have to be considered for adoption by the coastal States: 
 

a) Strict enforcement of the provision under the Marine Fisheries Regulations Act, 
covering the seasonal and mesh size restrictions as well as the zonation prescribed for 
fishing by different categories of fishing vessels.  The conflicts regarding the resource 
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use among the mechanised fishers and traditional fishers also could be 
reduced/avoided. 

b) Prescribing the total allowable catch with realistic stock estimates based upon 
biological productivity and potential fishery resources, with an understanding of fish 
biology, fish recruitment, ecology, food chain and food-web, so as to have a shift 
from increasing fish production to sustainable production. 

c) Filling up of the demand and supply gap for fish, by encouraging off-shore deep sea 
fishing and diversified fishing to utilise the resources hitherto under exploited. 

d) Formulation and implementation of a clear and holistic policy for coastal marine 
fishery.  

e) Protecting the fishing grounds from pollution and encouraging conservation of the 
resources for exploitation on a sustainable basis with stakeholder participation  

f) Promoting eco-friendly resource enhancement programmes. 
g) Updating the fishery regulations from time to time on scientific basis. 
h) Conducting elaborate cross-impact studies on establishments like ports and harbours 

and activities like tourism etc., before and after commencement of these projects and 
incorporation of remedial measures in the event of prediction of adverse impact, at 
the time of formulation of these projects itself.  Even if no adverse impacts are found 
at the time of commencement, periodical monitoring especially on erosion, accretion 
and loss/conversion of land due to operation of these projects should be observed and 
appropriate remedial action taken in case of damages.  Such mid-project attempts 
should also be reflected in the project proposals. 

 
Some of the strategies recommended include: 
 

• Encouraging community participation in the fishery resource management.  
• Having a scientifically sound fishery management policy with regulations. 
• Making a holistic estimate of the biological productivity of the habitats and to 

prescribe species-wise allowable catch on annual basis. 
• Minimizing the impact of land based pollution in the coastal waters.  
• Adopting programmes for enhancement/enrichment of the fishery resources. 
• Encouraging diversified fishing and aquaculture practices. 
• Minimizing wastage of non-targeted fishery. 
• Promoting development of value added products.  
• Implementing an ecosystem-based approach for fisheries.    
  

 Fisheries management should not be seen in isolation from the wider 
management of the marine environment. Over time, fisheries management will need to 
be integrated with other sectors of marine management. 
 
11.2.9 Awareness creation and Capacity Building 
 
 A series of short-term measures, such as improving facilities for garbage collection 
and disposal, providing basic toilet and freshwater facilities in harbours, carrying out 
awareness building among harbour-users and children on the need for a clean environment 
and long -term measures such as integrated efforts by those responsible for the environment, 
urban planning, industrial development, health and fisheries; establishment of acceptable 
standards of water quality; in-depth surveys including one on the socio-economics of harbour 
development, have to be introduced. 
 
 The strategies for creating awareness among people on the National Biodiversity 
Strategy and Action Plan (NBSAP), outlined by MOEF (2000) are: 
 



 236

Ø To attract people to participate in the NBSAP process, to give in their ideas, inputs 
and practical assistance so that the strategies and action plans drafted during the 
process will be truly representative, consultative, meaningful and implementable.  In 
this process to involve people in understanding and developing a concept of 
biodiversity in their own context.  

Ø To make as wide a range of citizens aware of the NBSAP process. 
 

 Electronic media – TV, Radio, Print media, Networking with the media; web-based 
information, folk media, other visual media such as posters, the personal touch, etc., are some 
of the media products which are proposed to be used in this process. 
 

Capacity building should be promoted by sharing positive and negative experiences 
as cases evolve through establishing a regional and inter-regional network. This can be made 
more concrete by identifying interesting ongoing cases in each country, developing 
demonstration projects preferably with low external funding, and building partnerships and 
twinning arrangements. The need to emphasise long-term capacity building has been 
recognised for decades.  Several new approaches could help place learning and institutional 
development at the core of sustainable development efforts – that is, projects and programmes 
designed around institutional development, rather than vice-versa. 
 
 The new approaches use a variety of new types of learning organisations to stimulate 
both the demand for and supply of institutional skills, they include: 
 
v Think and do tanks, policy analytic and action-oriented organisations that build links 

to universities and think tanks in other countries, government agencies including local 
governments and community organisations; 

v Scientific research organisations that combine local and global expertise and help to 
nurture “ policy entrepreneurs” at home in both scientific and policy worlds.  

 
Learning networks for sharing knowledge, real-time, demand-driven learning 

networks run by national and international associations of mayors, local government officials, 
and city practitioners share experiences among their members and other cities through the 
internet and workshops. 
 
11.2.10 Aquatic ecosystem management 
 
 Many of the coastal and marine ecosystems cross international boundaries and 
demand coordinated transnational action, particularly for enclosed seas and international 
lakes.   
 
 Historically, competing demands for shared waters have led to tensions and conflict.  
As populations grow and economies develop, more pressure will be brought to bear on these 
shared resources.  To promote peace, to sustain river basin ecosystems, which in one way or 
the other impact the coastal zones, and to meet the development needs of all those who 
depend on shared water resources, it will become imperative that countries cooperatively 
sustain, manage, and develop national and international river basins. 
 
 True linking of the management of rivers and coastal areas is at the moment more the 
exception than the rule, while linking the two fields is clearly feasible. It is most of all the 
coastal ecosystem management that will benefit from an Integrated Coastal Area and River 
Basin Management (ICARM) approach.  It is especially acts and legal authority, which shall 
allow for efficient linking, cooperation and decision-making. Both coastal and river interests 
should be included in water resources committees. 
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11.2.11 S&T and R&D inputs for development of marine fisheries 
 
 Sustainability being the ultimate goal of fisheries development, it is of utmost 
importance that fisheries research is directed towards tackling problems of over-fishing, over-
capitalisation, environmental degradation and enhancement (FAO, 1992).  Development of 
research programmes in addition to addressing general objectives of fisheries development 
should also relate to the goal of the national food policy of the country. 
 
 Effective collection, and compilation of data/information and easy access to 
information is an integral part of fisheries resource planning, management and utilisation.  
Therefore, high priority is given, of late, to development of information technology for 
speeding up dissemination of such information, data and statistics.  One such method is 
computerised data base management system of the geographic information system (GIS).  
GIS is helping in improving the accuracy and reliability of resource assessment, analysis and 
planning. 
 
 In the offshore region of the Indian EEZ the primary concern is incomplete or 
outdated resource information.  The area is largely unexploited owing to the inadequacy of 
the information base on the techno-economic viability of tapping this resource.  In the event 
of a decision of the UN Conference on Straddling and Highly Migratory Fish Stocks, some 
form of international involvement in the management of high seas fishery resources will 
become a reality in the near future and hence there is an urgent need for us to have a better 
understanding of the resources and potential to facilitate and evolve our participation in such 
management regimes.  To have an improved understanding of fishery resources and potentials 
in the offshore region of EEZ and in the high seas to facilitate policy decisions and 
management measures, the following aspects need to be addressed: 
 

 (i) Developing and establishing common survey and assessment of methodologies for 
fishery resources of the offshore regions of EEZ and high seas bordering India; 

(ii) Understanding regional and joint regional assessment and surveys; 
(iii) Strengthening the skills of national personnel in data analysis and interpretation; and 
(iv) Developing regional mechanisms to share relevant data and information. 

 
 The major activities which should be taken up in this regard would inter alia include 
consolidation and appraisal of the existing data/information, designing and conducting 
offshore and high seas resources survey, analysis and interpretation of results obtained there-
from, establishment of data base and mechanisms of data sharing, etc. 
 
 Making food supplies more secure and providing the rural poor with fish at affordable 
prices, call for a three-pronged strategy of increased production, reduction of post-harvest 
losses and use of presently under-utilised species. 
 
 The opportunities available at our disposal for augmenting the fish production with a 
view to meeting the consumer demand from the marine fisheries sector are many.  The use of 
more selective type of fishing gears for selective fishing will allow natural productivity of the 
marine environment to be more efficiently utilised in contributing to the growth of fish 
species.  Mariculture of finfishes and shellfish is another alternative for augmenting the 
production of over-fished or depleted stocks, the technology for which needs perfection.  
Creation of artificial reefs (ARs) and sea farming projects are considered as viable 
options for reclaiming the inshore ecology and replenishing fisheries which are degraded 
by bottom trawling and to revitalize the dead and decayed coastal ecosystems.  ARs have 
been found to enhance particularly of a number of species such as scads, yellow tail, groupers, 
flat fish, crab etc.  The indigenous technology available presently for fabricating ARs using 
synthetic material, floating cages for cage culture of finfishes, controlled breeding and 
propagation of commercial native marine species such as sea bass, sea bream, grouper etc., is 
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still in its infant stage. There is a need for upgradation, standardisation/perfection of these 
technologies. 
 
 The efficiency and productivity of the small-scale fisheries need to be improved 
through modern gear technology, improving fishing vessels and better processing, 
preservation, distribution and marketing facilities.  Biological and sociological research is 
needed to ensure that the new technologies introduced are need based, relevant to their 
abilities and in line with the interests of resource management. 
 
 Integrated applied research projects leading to optimal resource utilisation and 
for transfer of appropriate technology easily for continuous monitoring of coastal zones, 
for protecting the coastal ecology and the livelihood of the fishermen through better 
harvests, should be undertaken.  Technologies for producing excluder devices to reduce 
production of fish in the shrimp catch by modifying the gear or further promotion of the 
use of passive gear are also required for conservation and judicious harnessing of the 
marine living resources. 
 
 Technical assistance, research, education, training and extension, are needed to 
reduce post-harvest losses and to improve the handling and processing of the fish catch.  Both 
basic and adaptive research is required for processing the fish catch, which is neither 
consumed fresh nor frozen.  Biotechnological aspects of fat content, in relation to 
sustainability for various processes could lead to more appropriate processing methods.  
Besides upgrading the traditional methods of fish processing including sun-drying, 
smoking and fermentation processes, production of sterilised products need appropriate 
technological backing particularly the cost effective new generation of flexible 
containers for packaging the products. 
 
 The R&D base available for utilisation of trawl by-catch through appropriate 
product development and post-harvest processing is very much limited in the country.  
Even the methods of collecting and transporting such by-catch both for human consumption 
and conversion into livestock feed is wanting.  Appropriate methods should be evolved for 
collecting, transporting, processing and utilising trawler by-catch for human 
consumption, conversion into food and determination of their techno-economic 
feasibility. The major activities should incorporate studies of alternative collection/ 
transportation/processing system options through pilot scale studies; taking up economic 
feasibility studies and dissemination of the technology developed to the end users. 
 
 Better utilisation of small pelagic species for direct human consumption is one of 
the major areas for international research, particularly in developing countries, in view 
of the large potential for such pelagics and the failure of the present level of technology 
to produce major change in their uses.  A technology package with a marketing strategy 
is required to deal with the issue. 
 
 There are a number of other resources, which, for one reason or the other, have not 
attracted commercial fisheries.  The largest resources, in terms of possible sustainable 
harvest, the mesopelagic species in the tropical waters. In this case, the capture and 
processing require advanced technology.   
 
 The 1.2 million tonnes of additional harvestable yield within the Indian EEZ 
comprises stocks of finfishes, crustaceans and cephalopods which have been either partially 
fished or are yet to be fished. Some of these stocks could be accessible to the coastal 
fishermen if they adopt modern fishing aids such as fish finders (echo sounders), global 
positioning system (GPS) and communication equipment. Another important sector in 
which India need to enter is the oceanic fishing for tunas, bill fishes and pelagic sharks, The 
potential of these stocks is about 0.25 million tonnes.  In this sector there is a need to induct 
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fleet of larger vessels having monofilament long-lining technology and appropriate 
refrigeration facilities for sashimi grade tuna products. The tuna purse seining in the Indian 
EEZ needs to be experimented in view of large-scale application of this technology in the 
Western Indian Ocean (Somvanshi, 2000).  
 
 Resource conservation and management, fish productivity, commodity conservation 
and utilization, human linkages, socio-economics and policy are the major areas of reference 
for the sustainable development, management and exploitation of aquatic resources and for 
increasing the supply of cheap fish food to the humanity. 
 
 Development and conservation of marine fisheries is one of the priority areas of 
development being undertaken from the beginning of the plan concept, which was introduced 
in 1951. The thrust of Marine Fisheries Development has seen a shift from development 
of technology for mechanization to application and society-oriented programmes in the 
recent past, with a view to increase the income of the fishermen and improving their 
living standards.  
 
 To have relevant information that will help us plan our fisheries in a meaningful 
fashion is an important requirement. We also need to have better tools for gathering 
information. For planning sustainable development of coastal fisheries and aquaculture, our 
national and regional priorities should be directed towards some of the aspects discussed 
below, as suggested by many researchers and planners. 
 

1. Coastal zone data and information should be stored and disseminated to all the user 
agencies, which will aid in the environmental modelling needed for evolving proper 
coastal zone management practices and for planning a rational and reasonable 
exploitation and utilization of coastal resources. 

2. Integrated research projects should be undertaken leading to optimal resource 
utilization and transfer of appropriate technologies especially for continuous 
environmental monitoring of the coastal zones, for protecting the coastal ecology and 
the livelihood of the fishermen through better fish harvests. 

3. Introduction of community-managed artificial reefs, fish aggregating devices, 
mariculture and farming of selected varieties of finfish, shrimp and shellfish species, 
besides seaweeds etc., in the coastal areas.  

4. Community spawning cages could be installed in strategic locations to encourage 
fisherfolk to place gravid females in them and let them spawn. The presence of such 
cages will encourage fisherfolk to deposit gravid females there. After the spawning, 
the spent females could be removed and sold in the market. The income from such 
sales can boost a revolving fund for community development.  

5. Prevention of activities causing coastal pollution, such as waste/waste-water disposal 
in the vicinity of coral reefs and seagrass beds for maintaining an ecological balance 
and for sustainable utilization of the available living resources.  For the preservation 
of coral reef ecosystems, there should be a buffer zone surrounding the core area of 
the coral reef. 

6. Technological capabilities for monitoring and controlling pollution along our coasts. 
7. Use of devices to reduce the proportion of the capture of juvenile fishes in shrimp 

catches by modifying the gear. 
8. Protection and conservation of endangered and threatened fragile ecosystems such as 

mangroves, coral reefs, seagrass beds with their associated organisms, which have 
been over-exploited.  

9. Development of value-added fishery products from the landed catches of low-value 
fishes in the domestic market.  
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 The primary aim of fishery resources management at a time when many species are 
currently being over-exploited must be sustainable exploitation of fish stocks. This 
presupposes a better understanding and effective control of the fishing effort. However, any 
measure of compulsory reduction of the fishing effort should be coupled with social support 
measures for fishermen. 
 
 Accordingly, the specific features of each fishing zone and the relations between the 
species must be borne in mind, measures must be adapted to a wide range of bio-geographical 
and fisheries production conditions and an effort must be made to promote a balanced form of 
exploitation, involving not only the most commercially profitable species but also other less 
valued ones. 
 
 Given the excessive fishing effort, any fleet modernisation programme must take into 
account the predictable stock levels, the specific situation of the fishing sector and fishing 
communities in each country, in particular by taking into consideration the size of the fishing 
fleets in relation to the size of stocks.  
 
 Major human-derived disturbances to fisheries habitats are caused by effects of 
fishing in shelf waters and by land use and urbanisation in the coastal zone. Major coastal 
zone disturbances are often amenable to conservation and rehabilitation approaches. 
Consequently, R&D into major human disturbances is of high priority and could produce a 
rapid return on investment. Problems and impacts caused by humans must be well understood 
before locally appropriate solutions can be devised. It is essential to preserve the concept of 
territorial waters and the sovereignty of coastal states over their territorial waters. The 
scientific research, in particular the biological assessment of potential resources, the 
biological and economic effects of marine exploitation and changes in natural environmental 
factors, must be the foundation for fisheries policy and for the sustainable exploitation of 
living marine resources as part of a comprehensive, interdisciplinary and inter-sectoral 
approach.  
 
11.2.12 Need for Establishing Management Regimes 
 
 Considering the present marine fisheries scenario in India, there is a need for shift in 
the approach from development to management so as to maintain the sustainable levels of the 
stocks. To begin with, choice could be made of those fisheries, which are directed or aimed to 
harvest particular species or species groups having their distribution range extended along the 
coasts of more than one adjacent maritime State. These stocks have also been showing 
symptoms of decline in the catch rate and biological over-fishing. Besides, the fishermen 
from the respective maritime states often do not restrict their fishing operations off the coast 
of the state to which they belong. It is therefore, imperative to think of exercising various 
management options and regulate the fisheries of these stocks by establishing Biological 
regimes, Economic regimes, Social regimes, Market regimes and Craft and gear 
regimes. The policies for the management of living marine resources should, therefore, be 
encouraged, implemented or strengthened, based on sustainable exploitation, support for 
fishing communities and the preservation of an economically sound fishing sector. To this 
end:  
 

Ø Assessment of application, advantages and disadvantages of the various systems for 
managing fishery resources in the light of the individual characteristics of the 
fisheries should be carried out; 

Ø A study of the actual fishing effort in respect of fisheries, fleets and waters under our 
country’s jurisdiction should be undertaken and an effective fisheries monitoring 
system introduced; 
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Ø Fishermen and fisheries organisations and other relevant bodies as well as those in 
scientific quarters should be involved in drawing up and implementing fishing 
policies, in particular with regard to the measures to be taken to ensure sustainable 
and responsible management of resources;  

Ø After making a realistic assessment of the fishing capacity and the exploitable 
resources, practical measures, as appropriate, such as: fixing TACs (total allowable 
catches) and quotas, setting limits to the minimum admissible biomass, protecting 
juvenile stock, limiting catches per zone and restricting the number of days ships are 
allowed to spend at sea, reducing by-catches and discards, controlling the number of 
fishing licences and the authorized duration of fishing, etc., should be adopted.  

Ø The rights of fishermen and other fishing industry workers should be protected and 
they should be provided environmentally and economically sound management fish 
stocks practices, with fair living standards and with preferential access to traditional 
fishing grounds and to resources in the waters under their jurisdiction;  

Ø Incorporating or allowing, particularly in fishery management, incentives to wasteful 
fishing practices should be avoided; 

Ø International conventions relating to the protection of the marine environment to be 
implemented, regular assessments of the environmental conditions of coastal areas, 
sources of pollution and end the release of radioactive materials into the ocean be 
undertaken; and 

Ø A public awareness campaign on the importance of the oceans to be launched and an 
effort to define objectives, identify priorities, devise methodology and assemble the 
human and material resources needed to progress towards improved knowledge and 
sustainable exploitation of the oceans and their resources to be made.   

Ø The oceanic sector calls for induction of new technologies and larger vessels with 
appropriate on-board freezing and processing facilities on priority basis. 

 
 There are hardly any tangible incentives for the fisheries practitioners to move to a 
management mode as long as open access regimes exist. There could also be non-transferable 
boat quotas that can be introduced into the fishery to prevent concentration of wealth from a 
public property in the hands of a few. Limited access regimes are the fence within which 
responsible fisheries can reasonably expect to be institutionalized. The basic fisheries 
legislation should, therefore, allow for these access rights to be defined and legitimised in a 
consultative manner and also to allow for their devolution down to the panchayat level within 
the framework of rights and duties. (Sebastian Mathew. 2000).   
 
 As Sebastian Mathew (2000) puts it “To revamp a mind-set, which is orientated 
towards ‘development’ through production and marketing, to one that is orientated towards 
development through conservation, management, habitat protection and value addition, a 
radical change in our thinking is required. It calls for a multi-dimensional perspective, a 
‘cubist’ approach to fisheries management and development issues”. 
 
 As in any part of the world, the coastal zone of India is subjected to a lot of stress as it 
forms a common resource for all. To sustain fish production levels from the coastal waters, 
better management, balancing the pressures and minimizing the risks, implementing improved 
standards of resources allocation for the use of coastal community are called for. Coastal 
fisheries management issues are complex, involving political, economic, and environmental 
overtones.  It is not possible to solve these issues and problems without appreciating the 
interplay of variables. 
 
 There has been a steady decline in marine resources as well as its bio-diversity.  The 
estimated global rate of species loss (extinction) is currently 100 to 1000 times higher than it 
was prior to the evolution of human species.  It is suspected that the principal cause of this 
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high rate of extinction is degradation and destruction of habitats by people.  In coastal eco-
systems, it is well established that the loss of critical habitats (like wetlands) is related to the 
combination of current land-use (including diversion of fresh water) and fishing practices.  
There are strong evidences that habitat loss is affecting the carrying capacity of coastal eco-
systems for bio-diversity, in general, and living marine resources in particular.  However, the 
causal linkages between human activities, changes in habitat and bio-diversity are poorly 
understood. The challenges of detecting variability and predicting changes in such 
heterogonous and complex systems require substantial advances in our basic understanding of 
relationship among the processes, habitat and bio-diversity.  Therefore, a thorough 
understanding of all processes of the ocean, especially the near-shore areas, which are 
dynamic and carry their effect towards offshore, will be helpful in planning and management 
of several activities along the coastal areas in an eco-friendly manner and in ensuring 
sustainable development of the area and exploitation of its resources 
 
 Therefore, there is a need for consonance in implementation of the human activities to 
minimise the adverse impacts like degradation of water quality, loss of critical habitats like 
mangroves, sea grasses, coral reefs, coastal morphological changes due to accretion and 
erosion, change of beach ecology, etc., and consequent depletion of the marine living 
resources, particularly fisheries.  Mitigation and control of pollution of the coastal zones 
and continental shelf-seas as a result of industrialisation and urbanisation is recognised 
as another important development issue, which needs to be given a serious thought.  
 
 Coordinated and integrated management of all activities is required in sustaining the 
resources, protection and conservation of critical habitats including areas of high bio-diversity 
for long-term economic growth of the country. 
 
11.2.13 Sustainable Development and Society 
 
 National programmes for sustainable development and local and community 
development, where appropriate within country-owned poverty reduction strategies, should 
promote the empowerment of people living in poverty and their organizations. These 
programmes should reflect their priorities and enable them to increase access to productive 
resources, public services and institutions, in particular land, water, employment 
opportunities, credit, education and health.  
 
 The provision of clean drinking water and adequate sanitation is necessary to protect 
human health and the environment. In this respect, if by the year 2015, the proportion of 
people who are unable to reach or to afford safe drinking water (as outlined in the Millennium 
Declaration) and the proportion of people who do not have access to basic sanitation, is to be 
halved, it would include actions at all levels to: 
 

(a) Develop and implement efficient household sanitation systems;  
(b) Improve sanitation in public institutions, especially schools;  
(c) Promote safe hygiene practices;  
(d) Promote education and outreach focused on children, as agents of behavioural change;  
(e) Promote affordable and socially and culturally acceptable technologies and practices;  
(f) Develop innovative financing and partnership mechanisms;   
(g) Integrate sanitation into water resources management strategies.  

 
 Oceans, seas, islands and coastal areas form an integrated and essential 
component of the Earth’s ecosystem and are critical for global food security and for 
sustaining economic prosperity and the well-being of many national economies, 
particularly in developing countries. Ensuring the sustainable development of the oceans 
requires effective coordination and cooperation, including at the global and regional levels, 
between relevant bodies, and actions at all levels to:   
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(a) Promote the implementation of chapter 17 of Agenda 21, which provides the 

programme of action for achieving the sustainable development of oceans, coastal 
areas and seas through its programme areas of integrated management and sustainable 
development of coastal areas, including exclusive economic zones; marine 
environmental protection; sustainable use and conservation of marine living 
resources; addressing critical uncertainties for the management of the marine 
environment and climate change;  strengthening  international,  including  regional, 
cooperation and coordination; and sustainable development of small islands;  

(b) Establish an effective, transparent and regular inter-agency coordination mechanism 
on ocean and coastal issues within the United Nations system;   

(c)  Encourage the application by 2010 of the ecosystem approach, noting the Reykjavik 
Declaration on Responsible Fisheries in the Marine Ecosystem 15 and decision V/6 of 
the Conference of Parties to the Convention on Biological Diversity;  

(d)  Promote integrated, multidisciplinary and multi-sectoral coastal and ocean 
management at the national level and encourage and assist coastal States in 
developing ocean policies and mechanisms on integrated coastal management;   

(e)  Strengthen regional cooperation and coordination between the relevant regional 
organizations and programmes, the regional seas programmes of the United Nations 
Environment Programme, regional fisheries management organizations and other 
regional science, health and development organizations;  

(f)  Assist in coordinating policies and programmes at the regional and sub-regional 
levels aimed at the conservation and sustainable management of fishery resources and 
implement integrated coastal area management plans, including through the 
promotion of sustainable coastal and small-scale fishing activities and, where 
appropriate, the development of related infrastructure.  

 
To achieve sustainable fisheries, the following actions are required at all levels:  

 

(a)  Maintain or restore stocks to levels that can produce the maximum sustainable yield 
with the aim of achieving these goals for depleted stocks on an urgent basis and 
where possible not later than 2015;  

(b)  Ratify or accede to and effectively implement the relevant United Nations and, where 
appropriate, associated regional fisheries agreements or arrangements, noting in 
particular the Agreement for the Implementation of the Provisions of the United 
Nations Convention on the Law of the Sea of 10 December 1982 relating to the 
Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish 
Stocks and the 1993 Agreement to Promote Compliance with International 
Conservation and Management  Measures  by  Fishing Vessels  on  the High Seas; 

(c)  Implement the 1995 Code of Conduct for Responsible Fisheries, taking note of the 
special requirements of developing countries as noted in its article 5, and the relevant 
international plans of action and technical guidelines of the Food and Agriculture 
Organization of the United Nations;  

(d)  Urgently develop and implement national and, where appropriate, regional 
plans of action, to put into effect the international plans of action of the Food and 
Agriculture Organization of the United Nations, in particular the International Plan of 
Action for the Management of Fishing Capacity by 2005 and the International Plan of 
Action to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated 
Fishing by 2004.  Establish effective monitoring, reporting and enforcement, and 
control of fishing vessels, including by flag States, to further the International Plan of 
Action to Prevent, Deter and Eliminate Illegal, Unreported and Unregulated Fishing;  
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(e)  Encourage relevant regional fisheries management organizations and arrangements to 
give due consideration to the rights, duties and interests of coastal States and the 
special requirements of developing States when addressing the issue of the allocation 
of share of fishery resources for straddling stocks and highly migratory fish stocks, 
mindful of the provisions of the United Nations Convention on the Law of the Sea 
and the Agreement for the Implementation of the Provisions of the United Nations  
Convention  on  the  Law  of  the  Sea  of  10  December  1982 relating to the 
Conservation and Management of Straddling Fish Stocks and Highly Migratory Fish 
Stocks, on the high seas and within exclusive economic zones;  

(f)  Eliminate subsidies that contribute to illegal, unreported and unregulated fishing and 
to over-capacity, while completing the efforts undertaken at the World Trade 
Organization to clarify and improve its disciplines on fisheries subsidies, taking into 
account the importance of this sector to developing countries;   

(g) Strengthen donor coordination and partnerships between international financial 
institutions, bilateral agencies and other relevant stakeholders to enable developing 
countries, in particular the least developed countries and small island developing 
States and countries with economies in transition, to develop their national, regional 
and sub-regional capacities for infrastructure and integrated management and the 
sustainable use of fisheries;   

(h)  Support the sustainable development of aquaculture, including small-scale 
aquaculture, given its growing importance for food security and economic 
development.   

 
 In accordance with chapter 17 of Agenda 21, promote the conservation and 
management of the oceans through actions at all levels, giving due regard to the relevant 
international instruments to:   
 

(a)  Maintain the productivity and biodiversity of important and vulnerable marine and 
coastal areas, including in areas within and beyond national jurisdiction;   

(b) Implement the work programme arising from the Jakarta Mandate on the 
Conservation and Sustainable Use of Marine and Coastal Biological Diversity of the 
Convention on Biological Diversity, 22 including through the urgent mobilization of 
financial resources and technological assistance and the development of human and 
institutional capacity, particularly in developing countries;   

(c) Develop and facilitate the use of diverse approaches and tools, including the 
ecosystem approach, the elimination of destructive fishing practices, the 
establishment of marine protected areas consistent with international law and based 
on scientific information, including representative networks by 2012 and time/area 
closures for the protection of nursery grounds and periods, proper coastal land use 
and watershed planning and the integration of marine and coastal areas management 
into key sectors;  

(d) Develop national, regional and international programmes for halting the loss of 
marine biodiversity, including in coral reefs and wetlands;  

(e) Implement the Ramsar Convention, including its joint work programme with the 
Convention on Biological Diversity, and the programme of action called for by the 
International Coral Reef Initiative to strengthen joint management plans and 
international networking for wetland ecosystems in coastal zones, including coral 
reefs, mangroves, seaweed beds and tidal mud flats.  

  
 Advance implementation of the Global Programme of Action for the Protection 
of the Marine Environment from Land-based Activities and the Montreal Declaration 
on the Protection of the Marine Environment from Land-based Activities, with particular 
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emphasis during the period from 2002 to 2006 on municipal wastewater, the physical 
alteration and destruction of habitats and nutrients, by actions at all levels to:   
 

 (a) Facilitate partnerships, scientific research and diffusion of technical knowledge; 
mobilize domestic, regional and international resources; and promote human and 
institutional capacity-building, paying particular attention to the needs of developing 
countries;   

(b) Strengthen the capacity of developing countries in the development of their national 
and regional programmes and mechanisms to mainstream the objectives of the Global 
Programme of Action and to manage the risks and impacts of ocean pollution;   

(c) Elaborate regional programmes of action and improve the links with strategic plans 
for the sustainable development of coastal and marine resources, noting in particular 
areas that are subject to accelerated environmental changes and development 
pressures;   

(d) Make every effort to achieve substantial progress by the next Global Programme of 
Action conference in 2006 to protect the marine environment from land-based 
activities. 

  
Enhance maritime safety and protection of the marine environment from pollution by 

actions at all levels to:   
 

(a) Invite States to ratify or accede to and implement the conventions and protocols and 
other relevant instruments of the International Maritime Organization relating to the 
enhancement of maritime safety and protection of the marine environment from 
marine pollution and environmental damage caused by ships, including the use of 
toxic anti-fouling paints, and urge the International Maritime Organization (IMO) to 
consider stronger mechanisms to secure the implementation of IMO instruments by 
flag States;  

(b) Accelerate the development of measures to address invasive alien species in 
ballast water. Urge the International Maritime Organization to finalize its draft 
International Convention on the Control and Management of Ships’ Ballast 
Water and Sediments.   

  
 Governments, taking into account their national circumstances, are encouraged, 
recalling paragraph 8 of resolution GC (44)/RES/17 of the General Conference of the 
International Atomic Energy Agency, and taking into account the very serious potential for 
environment and human health impacts of radioactive wastes, to make efforts to examine 
and further improve measures and internationally agreed regulations regarding safety, while 
stressing the importance of having effective liability mechanisms in  place,  relevant  to  
international  maritime transportation  and  other  transboundary  movement  of  radioactive  
material, radioactive  waste  and  spent  fuel,  including,  inter-alia,  arrangements  for  prior 
notification  and  consultations  done  in  accordance  with  relevant  international instruments.  
 
 Improve the scientific understanding and assessment of marine and coastal 
ecosystems as a fundamental basis for sound decision-making, through actions at all levels 
to:   
Ø Increase scientific and technical collaboration, including integrated assessment at the 

global and regional levels, including the appropriate transfer of marine science and 
marine technologies and techniques for the conservation and management of living 
and non-living marine resources and expanding ocean-observing capabilities for the 
timely prediction and assessment of the state of marine environment;   

Ø Establish by 2004 a regular process under the United Nations for global reporting and 
assessment of the state of the marine environment, including socio-economic aspects, 
both current and foreseeable, building on existing regional assessments;  
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Ø Build capacity in marine science, information and management, through, inter- alia, 
promoting the use of environmental impact assessments and environmental 
evaluation and reporting techniques, for projects or activities that are potentially 
harmful to the coastal and marine environments and their living and non-living 
resources;  

Ø Strengthen the ability of the Intergovernmental Oceanographic Commission of the 
United Nations Educational, Scientific and Cultural Organization, the Food and 
Agriculture Organization of the United Nations and other relevant international and 
regional and sub-regional organizations to build national and local capacity in marine 
science and the sustainable management of oceans and their resources.  

Ø Reduce the risks of flooding and drought in vulnerable countries by, inter-alia, 
promoting wetland and watershed protection and restoration, improved land-use 
planning, improving and applying more widely techniques and methodologies for 
assessing the potential adverse effects of climate change on wetlands and, as 
appropriate, assisting countries that are particularly vulnerable to those effects;  

Ø Improve techniques and methodologies for assessing the effects of climate change, 
and encourage the continuing assessment of those adverse effects by the 
Intergovernmental Panel on Climate Change;  

Ø Encourage the dissemination and use of traditional and indigenous knowledge to 
mitigate the impact of disasters and promote community-based disaster management 
planning by local authorities, including through training activities and raising public 
awareness;  

   
11.2.14 Safety of fishermen at sea 
 
 The ILO’s Occupational Safety and Health Branch has estimated that about 24,000 
deaths occur annually worldwide, among the fishermen who go for fishing in sea. The 
casualty in developing countries is reported to be atleast 10 times higher than those in the 
developed countries. The major reason for this is the poor safety systems, besides fleet 
limitations and inadequate legislation to enforce strict safety measures. The safety of 
fishermen at sea has been engaging the attention of both the national and international 
organisations. IMO, the ILO and FAO are the three major international organisations 
concerned with the fishermen safety at sea. These organisations have prepared voluntary 
guidelines in 1980 to serve as the code of safety of fishermen and fishing vessels. Since these 
guidelines are voluntary and mainly aimed at larger fishing fleet, they are inadequate to 
improve the safety of the traditional/artisanal fishermen at sea. 
 
 The infrastructure available for Monitoring, Control and Surveillance (MCS) and 
safety at sea in the coastal states is grossly inadequate. Even though the Marine Fishing 
Regulation Act enacted by the State Governments have provisions to regulate/restrict or 
prohibit fishing activities within specified areas, for different sectors such as traditional and 
mechanised boats, there is a need for additional provisions to take of the safety aspects. There 
should a national programme to provide the requisite minimum navigational and 
communication equipment onboard the fishing vessels, promote awareness among the 
fishermen on the sea safety measures and develop reliable and affordable life saving 
equipment. 
 
11.2.15 Implementation of measures to prevent, deter and eliminate IUU fishing state 

responsibilities 
 
 The countries in the BOP region should give full effect to relevant norms of 
international law, in particular as reflected in the 1982 UN Convention, in order to prevent, 
deter and eliminate IUU fishing. They should implement fully and effectively all relevant 
international fisheries instruments, which they have ratified, accepted or acceded to. 
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 For implementation of these international fisheries instruments, a proper legislation is 
essential.  This legislation should address in an effective manner all aspects of IUU fishing, 
among other things evidentiary standards and admissibility including, as appropriate, the use 
of electronic evidence and new technologies. 
 
 The BOB states should see that the nationals of their jurisdiction do not support or 
engage in IUU fishing. All States should cooperate to identify those nationals who are the 
operators or beneficial owners of vessels involved in IUU fishing. 
 
 States in the BOB region should  
 
v Ensure that sanctions for IUU fishing by vessels and, to the greatest extent possible, 

nationals under its jurisdiction are of sufficient severity to effectively prevent, deter and 
eliminate IUU fishing and to deprive offenders of the benefits accruing from such fishing. 
This may include the adoption of a civil sanction regime based on an administrative 
penalty scheme. States should ensure the consistent and transparent application of 
sanctions. 

v Take all possible steps, consistent with international law, to prevent, deter and eliminate 
the activities of non-cooperating States to a relevant regional fisheries management 
organization, which engage in IUU fishing. 

v To the extent possible in their national law, avoid conferring economic support, including 
subsidies, to companies, vessels or persons that are involved in IUU fishing. 

v Undertake comprehensive and effective monitoring, control and surveillance (MCS) of 
fishing from its commencement, through the point of landing, to final destination. This 
includes implementing, where appropriate, a Vessel Monitoring System (VMS), in 
accordance with the relevant national, regional or international standards, including the 
requirement for vessels under their jurisdiction to carry VMS on board. 

v Develop and implement, as soon as possible, national plans of action to further achieve 
the objectives of the IPOA and give full effect to its provisions as an integral part of their 
fisheries management programmes and budgets. At least every four years after the 
adoption of their national plans of action, States should review the implementation of 
these plans. 

v Coordinate their activities and cooperate directly, and as appropriate through relevant 
regional fisheries management organizations, in preventing, deterring and eliminating 
IUU fishing.  

v Exchange data or information, preferably in standardized format, from records of vessels 
authorized by them to fish, in a manner consistent with any applicable confidentiality 
requirements. 

v Publicize widely, including through cooperation with other States, full details of IUU 
fishing and actions taken to eliminate it, in a manner consistent with any applicable 
confidentiality requirements. 

 
Coastal state measures 
 
 In the exercise of the sovereign rights of coastal States for exploring and exploiting, 
conserving and managing the living marine resources under their jurisdiction, in conformity 
with the 1982 UN Convention and international law, each coastal State should implement 
measures to prevent, deter and eliminate IUU fishing in the exclusive economic zone. Among 
the measures that could be considered, consistent with national legislation and international 
law and to the extent practicable and appropriate, are: 
 

• Effective monitoring, control and surveillance of fishing activities in the exclusive 
economic zone; 
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• Cooperation and exchange of information with other States, where appropriate, 
including neighbouring coastal States and with regional fisheries management 
organizations; 

• To ensure that no vessel undertakes fishing activities within its waters without a valid 
authorization to fish issued by that coastal State; 

• To ensure that an authorization to fish is issued only if the vessel concerned is entered 
on a record of vessels; 

• To ensure that each vessel fishing in its waters maintains a logbook recording its 
fishing activities where appropriate; 

 
Internationally agreed market-related measures 
 
 The following measures are to be implemented in a manner which recognizes the 
right of States to trade in fish and fishery products harvested in a sustainable manner and 
should be interpreted and applied in accordance with the principles, rights and obligations 
established in the World Trade Organisation, and implemented in a fair, transparent and non-
discriminatory manner. 
 
 States should  
 
v Take all steps necessary, consistent with international law, to prevent fish caught by 

vessels identified by the relevant regional fisheries management organization to have 
been engaged in IUU fishing being traded or imported into their territories.  

 
v Ensure that measures on international trade in fish and fishery products are transparent, 

based on scientific evidence, where applicable, and are in accordance with internationally 
agreed rules. 

 
Research 
 
 States should encourage scientific research on methods of identifying fish species 
from samples of processed products. FAO should facilitate the establishment of a network of 
databases of genetic and other markers used to identify fish species form processed product, 
including the ability to identify the stock of origin where possible. 
 
Regional fisheries management organizations 
 
 As the cooperation of all relevant States is important for the success of measures 
taken by relevant regional fisheries management organizations to prevent, deter and eliminate 
IUU fishing, States which are not members of a relevant regional fisheries management 
organization are not discharged from their obligation to cooperate, in accordance with their 
international obligations, with that regional fisheries management organization. To that end, 
States should give effect to their duty to cooperate by agreeing to apply the conservation and 
management measures established by that regional fisheries management organization, or by 
adopting measures consistent with those conservation and management measures, and should 
ensure that vessels entitled to fly their flag do not undermine such measures. 
 
National Fishery Policy 
  
 As indicated earlier, India does not have a National Fishery Policy.  In fact, no state 
in the east coast has a Fishery Policy, except for Fisheries Vision Document of Government 
of India.  A unified National Fishery Policy is very much essential in a country like India for 
ensuring resource management and enforcement of the rules and regulations for fisheries 
development and management. 
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12. Actions that could be taken up on a Regional Basis 
 

While prioritising the threats to the coastal and marine environment and the causative 
factors, the following have been identified as the major threats to the Bay of Bengal Large 
Marine Ecosystem.  They in the order of priority are: 
 

i) Land-based sources of pollution 
ii) Habitat destruction 
iii) Over-exploitation of the marine living resources 
iv) Socio-economic pressures, and 
v) Sea-based sources of pollution 

 
 While spelling out the priority action to address these threats and causes, the impact 
of all the natural causes and anthropogenic perturbations has been considered.  This has also 
led to identification of the threats of transboundary nature on the health of the coastal and 
marine environment and its living resources in the Bay of Bengal countries including India, 
most of which are common among the countries of this region (please see Chapter 6). 
 
 Before any Regional Action Plan could be evolved, it is imperative that the house in 
which we live is set in order.  Some of the major issues, which need to be addressed within 
the country as a national priority, are as follows: 
 
Land-based Sources of Pollution 
 
i) Since the land based sources of pollution is a major threat to the entire coastal and 
marine ecosystem and the innumerable species of flora and fauna inhabiting these 
ecosystems, the first and foremost priority action at the national level should be to 
completely eliminate the adverse impacts of land-based sources of pollution on the 
coastal and marine ecosystem. The steps involved in this are: 
 
Ø Strict enforcement of the provisions of various rules and regulations governing the 

coastal areas, and  
Ø Ensuring that the urban, industrial and agricultural wastes including pesticides, 

insecticides and fungicides   are either stopped from being discharged into open 
waters or they are treated 100% before the wastewater is discharged into the seas.  A 
general feeling among the scientists and even at the grass-root level of fisherwomen 
is that if the pollution of the coastal and the open sea is stopped, there will 
automatically be a recovery of the ecosystem and enhancement of the living 
resources in the seas.  Enforcement of the provisions of the rules and regulations as 
well as establishment of common or individual waste water treatment systems involve 
huge investment, which is very hard to come either from the Government 
Departments or from the industries themselves.  Therefore, there is a need for 
locating adequate funding support for establishment of common waste water 
treatment systems along the coastline in vantage points for treatment of the 
urban, agricultural and the industrial wastes, which should come from 
international or other external sources.  This particular aspect once addressed at 
the national level will definitely have a transboundary effect on the resource 
maintenance of the coastal and marine environment in a healthy condition. 

 
Agreed sea water quality standards should be developed for areas beyond 

territorial waters with parameters containing toxic metals, organic compounds and 
others, which are transboundary in nature that lead to degradation of seawater of 
neighbouring countries (all BOBLME countries). 
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Global Plan of Action (GPA) 
 
Implementation of Global Plan of Action (GPA) is yet to be given the requisite 

importance at the National and Regional levels and from international angles.  Even if the 
countries prepare the National Action Plans to deal with the land-based activities, its 
implementation, particularly in the developing nations bordering the BOB, it would be 
difficult in the absence of appropriate funding mechanisms.  This is more difficult to largely 
populated countries like India, as the major source of pollution in the coastal areas is 
discharge of untreated domestic wastes by the local bodies.  Therefore, it is necessary to 
establish a funding mechanism to the developing nations to implement the provisions of 
GPA.  
 
Habitat destruction 
 

As already stated elsewhere in this report, habitat destruction is another major threat 
for the living resources of the seas.  We have seen vast stretches of mangroves particularly in 
Coringa in Andhra Pradesh and Sundarbans in West Bengal have been sacrificed for various 
developmental activities and if it is not stopped, it is likely to lead to catastrophic loss.  
Similar is the case with the coral reefs, sea grass and other critical ecosystems along the coast 
of other countries bordering BOB.  The mangroves and the coral reefs/sea grass beds are 
shared resources between India, Sri Lanka and Bangladesh.  For improvement in the 
ecological condition in the region and also improving the coastal fishery resources, there is a 
need for conserving and protecting the critical habitats.  India has already taken a number 
of initiatives for assessing the status of the coastal critical habitats along east and west 
coasts of India and has taken action for restoration of the lost ecosystems and 
biodiversity.  Some of the initiatives taken by India could be translated into regional 
programmes covering India, Bangladesh and Sri Lanka in particular, which could take 
up joint programmes for restoration of the resources in the contiguous coastal areas and 
the seas. 
 
Sea-based sources of pollution 
 
 As explained earlier, combating accidental oil spills in the high seas is one of the 
major issues to be considered for protecting and conserving the marile living resources.  
To this end Regional co-operation in combating oils spills in this BOBLME region, is 
very much essential.  
 
Over-Exploitation of the Resources 
 

Over-capacity and over-exploitation of the resources are the other threats to the 
marine living resources in the region.  As already explained, in India there are rules and 
regulations to control/restrict coastal fishing and in the past 2-3 years, steps have been taken 
to enforce the provisions of the Marine Fishing Regulation Acts with the introduction of 
declaration of closed season for 45 days during the south west monsoon for allowing 
rejuvenation of the stocks.  In some places, there is also self-regulation among the fishing 
community (particularly in Tamil Nadu-Mandapam, Rameswaram). The traditional and 
mechanized fishing boat owners and fishing operators go for fishing on alternate days, which 
helps in equitable sharing of the resources and also avoiding unnecessary conflicts among 
them.  There is a general feeling among the fishermen associations/cooperatives and the 
administrators that a detailed study should be undertaken to assess the impact of the ban 
on trawling on the recovery of the coastal resources.  It is imperative that the study is 
initiated by the Fisheries Research Institutes under the Ministry of Agriculture, on priority 
basis.  It is felt that at national level, in the BOBLME countries, similar restrictions 
should be imposed so that in all the countries the trawling operations are put off during 
the fish-breeding season i.e., south west monsoon.  Other countries of the Bay of Bengal 
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may also impose a ban during the south west monsoon, so that uniformity is maintained 
in the resource recovery programme. 
 
Assessment of Coastal & Offshore Resources 
 

It has been found that invariably no scientific studies have been undertaken for 
exploration and assessment of the exact potential of the coastal and offshore resources of each 
state, bordering Bay of Bengal.  Some of the typical examples are cited elsewhere in this 
report on the conflicting fish production figures and the estimates on the resources available 
from various agencies.  This has led to difficulties in fixing the targets for fish production, 
which should normally be commensurate with the investments made in the fishing sector, to 
make it viable.  If any fishery development or management programme to be successful, we 
should have the information on the exact potential available in a particular zone or area.  This 
will also be helpful in regulating the fishing capacity and the number of vessels, which can be 
introduced for fishing in a particular coastal zone or area.  Keeping this in view, the national 
programmes for fisheries development and management should consider introduction of 
a multi-disciplinary long-term programme for assessment of the marine living resources 
of each coastal state covering different depths and different species.  This activity also 
requires huge investments, common scientific manpower, shipping time, data 
processing, analysis and dissemination. 
 
 While analyzing the gaps in data/information available on various aspects of coastal 
and marine environment and its living resources, it is found that the major emphasis, which 
should be given for conserving, managing and developing all these resources, is generation 
and dissemination of knowledge to the user communities on the basis of their requirements.  
On the suggestions and recommendations made in the 9th Session of the Indian Ocean Fishery 
Commission held at Jakarta, Indonesia in 1995, the Department of Ocean Development, 
Government of India, introduced a programme for Assessment of Marine Living Resources 
beyond 70 m depth.  The first and foremost activity under this programme was to pool the 
existing data of living resources of the Indian seas with various fisheries research institutes, 
find out the gaps and address those issues.  The assessment of the living resources in the 
Bay of Bengal if jointly done by the countries, which have shared resources, it would 
pave the way for generating very good information base for planning the strategy for 
exploitation of these resources. There is need for developing a regional tagging 
programme with international cooperation to understand the migratory movement of 
similar stocks. 
 
 In addition to assessing the fishery potential within the national jurisdiction, the 
potential of shared stocks between the countries in the Bay of Bengal region have not been 
properly assessed.  As indicated in chapter 6, there are at least 6 species, which are 
transboundary in nature and that are shared between India, Sri Lanka, Thailand, 
Maldives and Bangladesh.  If we have to sustainably exploit these resources in the first 
instance, we need proper assessment of these resources followed by upgradation of the 
infrastructure and capabilities of the indigenous fishers for catching these resources.  Since 
the Indian coastal fishery resources are reported to be fished to the maximum sustainable 
yield levels, the other alternate available is to extend the area of operation of the small 
mechanized fishing crafts, beyond certain depths for resource specific fishing.  This 
requires upgradation of the knowledge of fishermen for catching these resources, 
modifying the existing trawlers and gill netters of below 20 m size for tuna long-lining, 
squid-jigging or deep sea lobster fishing, the resources of which have so far been under 
utilized.  Modification of the vessels and provision of the appropriate gear may be (mono 
filament yarn and hooks for tuna long lining) taken up.  The requisite funding support 
should be made available. 
 



 252

 A long-term Joint Environmental Monitoring programme with oceanographic 
parameters relevant to fisheries and development of regional scale fisheries resource 
assessment and prediction models, with a component of capacity building programme 
on these subjects prior to initiation of activities, could be initiated at regional level 
covering India, Sri Lanka, Thailand, Maldives and Bangladesh.  
 
Sea safety and Awareness 
 
 The artisanal fishermen in the entire BOBLME region are subjected to natural 
calamities such as cyclones, threatening their safety at sea. Even though, efforts have been 
made at national level for providing the navigation and communication equipment to the 
fisherfolk for communicating between the vessels and the land, for want of the requisite funds 
and the huge investments involved in procuring and installing the instruments/equipment for 
sea safety, the fishermen normally are reluctant to install such life saving appliances onboard 
the fishing craft. A regional programme for ensuring sea safety of the fishing community 
therefore, is essential covering the BOBLME countries.  
 
 A perusal of the analysis of various factors influencing the deterioration of the coastal 
zone across the BOBLME countries provided in this document, would amply bring out the 
need for a national programme in the BOBLME countries for creating “awareness” by 
making use of the different media available in the country, particularly the TV channels, 
including the official channel of the Governments concerned. 
 
Creation of market infrastructure 
  
 Interaction with the fishing groups across the country has revealed that the market 
infrastructure available along the coastline of India is too inadequate to meet the 
requirements.  The basic facilities such as fish marketing sheds, platforms for hygienic 
display and sale of fish, refrigeration facilities for storing the fish in a hygienic 
condition, freshwater supply, sanitation, etc., are not there, leading to fish spoilage and 
loss of income to the fishers.  Similar situation prevails in other BOBLME countries 
also.  This calls for introduction of a regional programme for creation of basic 
infrastructure for fish marketing in BOBLME countries with emphasis on promoting 
the role of fisherwomen in fish marketing related activities.  While doing so, we should 
also ensure minimum support price to the fishermen, as in the case of agriculture and 
horticulture sectors. 
 
Code of Conduct for Responsible Fisheries and the Ecosystem Based Fisheries 
Management 
  
 The Code of Conduct for Responsible Fisheries and the Ecosystem Based Fisheries 
Management are well understood in the country as well as the entire region of BOBLME.  
However, before the Code could be put into practice, some of the issues outlined above need 
to be addressed particularly, the resources assessment, sustainable exploitation of the 
resources, use of the most appropriate and selective gears and crafts for fishing, putting 
a cap on fishing capacity, prescribing total allowable catch, catch documentation, 
adoption of precautionary approach in fisheries management, regulating Illegal, 
Unrestricted and Unreported fishing, reduction in the incidental catch of non-target 
species, etc. With a view to implement the FAO Code of Conduct for Responsible 
Fisheries and the Ecosystem Based Fisheries Management, a master plan may have to 
be developed with the regional perspective in mind.   
 
 On the issue of prevention of Illegal, Unregulated and Unreported (IUU) fishing, it is 
suggested that a macro-level survey should be initiated at the regional level to find out 
the factors and means to be adopted for minimizing the adverse impacts of IUU fishing, 
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besides evolving strategies to combat the onslaught on the regional fisheries by 
“poachers”.   
 
Marine Biosphere Reserves, Marine National Parks and Marine Sanctuaries 
 
 For protection of the critical coastal habitats, the concept of establishment of Marine 
Biosphere Reserves, Marine National Parks and Marine Sanctuaries are advocated as the best 
media along the east coast.  We have a number of National Biosphere Reserves, Marine 
National Parks and Marine Sanctuaries for achieving this cause.  Globally, it is felt that even 
the introduction of Marine National Park and Marine Biosphere Reserves have not yielded 
fruitful results in protecting the coastal habitats.  This, points to the fact that there is no proper 
enforcement mechanism in place, even in these Marine Sanctuaries and Marine Parks.  The 
major reason for this is socio-economic problems associated with these critical habitats, 
because the fisherfolk living along these critical habitats use these resources for their 
sustenance.  The best alternative for protecting the coastal critical habitats and their 
resources is introduction of the concept of community-based resource management 
system, wherein the local community is engaged in decision making process, 
implementation of the conservation and development measures and reaping the benefits 
and sharing them between themselves.  The role of the Government, the NGOs, the R&D 
institutions and others should be limited only to providing the technical, funding and 
extension support.  The participatory approach or the community-based resource management 
even though is talked about for years, it is yet to be put into practice.  The community-based 
resource management should be introduced on priority basis in the entire region under 
a pilot programme so that the experiences in the region could be shared and proper 
strategies are evolved for protecting the coastal resources in the entire Bay of Bengal 
region. 
 
Filling up data gaps 
 
             As already pointed out, the World Bank has outlined the need for intensive global 
effort to develop and fund a program to fill data gaps. It is high time a similar initiative is 
introduced for the BOBLME countries under a Regional Programme, as this is common 
to all BOBLME member countries.   

 
International issues and Biodiversity 

 
Activities related to biodiversity conservation within a country have international 

ramifications and implication.  This could be in the form of sharing valuable knowledge with 
other countries or interacting with donor agencies, or in the issue of transboundary ecosystem 
and wildlife conservation.  While most biodiversity activities may have to be carried out 
on the basis of national boundaries, these activities also affect the global community and 
state of the world’s biodiversity.  Thus, while this remains a significant cross-cutting theme 
for all NBSAP working Groups to address, a separate thematic review on this could help to 
focus attention on the practical relationship between a national biodiversity action plan and 
international efforts at conserving biodiversity.  
 
Transboundary movement of living aquatic organisms 
 

Unauthorised movement of living aquatic species across the national boarders for 
trading or otherwise could hamper genetic inventory and endanger biodiversity. Unintended 
introduction of alien species through ballast water is yet another emerging threat. Policies and 
programmes for responsible movement of exotic species in the region merits consideration.  
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Integrated Coastal Zone Management 
 

Infrastructure development and capacity building programmes to facilitate adoption 
of the concept of Integrated Coastal Zone Management are the prime requisites for 
sustainable development. Development of expertise in integrated coastal zone management 
oriented activities and dissemination of knowledge gained to the users through organised 
training programmes, particularly on Development of GIS based information system for 
critical habitats, determination of waste load allocation based on waste assimilation 
characteristics, development of EIA guidelines for major coastal developmental activities and 
processes and development of integrated coastal zone management plans, is an essential pre-
requisite for adoption of this concept for conservation, management and development of the 
coastal and marine environment and its marine living resources.  India, which has the 
expertise and facilities, could help the other BOB countries in evolving appropriate 
strategy, action plan and capacity building for integrated coastal zone management.      
 
Application of GIS 
 
 For developments based upon the sustainability principles, the need for making 
inventory of the stress on the coastal environment due to natural and human induced activities 
is inevitable. GIS in conjunction with remote sensing plays an important role as an advanced 
decision making technological tool to assess the present status of the coastal zone, compare it 
with the past and evolve an acceptable policy and strategy for conservation and management 
of our vast coastal and marine resources and planning the future development.  The studies 
so far undertaken by India in the field of Application of GIS for critical habitats has 
amply proved that GIS is an effective tool in understanding the interaction of various 
parameters and features that have impact on the coastal zone and how best they could 
be addressed in coastal zone management.  However, the use of this tool in coastal and 
marine application in different countries of BOB region, is yet to gain popularity, owing to a 
spectrum of reasons including the understanding of the usefulness of GIS as a tool for coastal 
zone management among the various stakeholders, want of the requisite hardware and 
software for its application, lack of trained man power to understand and use these tools, etc. 
These aspects could well be addressed through development of adequate expertise and 
facilities for GIS application in coastal zone management in our region, as a 
collaborative programme.  
 
Sea ranching and Mariculture 

 
In coastal aquaculture diversification into finfishes (mullets, chanos, seabass, grouper) 

and shellfishes other than shrimp species and crab, is yet to be given adequate importance.  In 
mariculture we have not made a real beginning for commercial production of finfishes, 
shellfishes and seaweeds.   

 
Elsewhere in the globe, mass scale breeding and sea ranching has become a reality to 

reseed/recoup the overexploited species in culture fisheries, but this is also yet to begin in 
India. Conservation and management of fishery resources through artificial reef, creation of 
biosphere reserve, reduction in fishing pressure etc., are all taken up in a professional way in 
many countries.   

 
Resource enhancement through breeding, sea ranching and sea farming is one of the 

avenues for sustainable management and use of marine living resources. Capacity building in 
development of viable technologies for resource enhancement and their application at 
National and Regional level.   

 
China is number one country in fish production in the world. The development 

programmes on seaweeds, bivalves, freshwater crabs and pearls have no match anywhere in 
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the world. Even Indian scientists on sea cucumber are invited to China for mariculture but we 
could not use them in India. Our bilateral programmes should include a comprehensive 
project for culture of seaweed, bivalves, pearls, etc., from production till marketing and 
our scientists and administrators should work with them like a mission mode 
programme. 
 

China and Vietnam are concentrating more on expanding sea farming from small-
scale to large-scale. China is even borrowing technology from Norway for offshore and ocean 
farming of fin fishes. We have immense scope for sea farming along the mainland and 
around islands in A & N. The entire system involves selection of site based on surveys, 
construction of cages of appropriate sizes, technology of hatchery seed production, 
nursery rearing, feed production and grow-out systems. This is a grey area for bilateral 
collaboration between India, Thailand and Indonesia.   
 
Elimination of Persistent Organic Pollutants 
 

The production and release of vast quantities of novel synthetic chemicals over the 
past 75 years has proved to be a great global experiment one that now involves all live.  In 
1944, scientists found residues of pesticide, DDT, in human fat.  Seven years later, another 
study brought distributing news of DDT contamination in the milk of nursing mothers.  In the 
early 1950s, naturalists saw thinning eggshells and crashing populations of bald eagles and 
other birds.  By 1962, the growing burden of contamination of silent spring was documented, 
which detailed the devastating impact of persistent pesticides on wildlife and warned about 
hazards to human health. 
 
 Ironically, chemicals that were developed to control disease, increase food 

production, and improve our standard of living are, in fact, a threat to biodiversity and human 
health.  Because the risk from these originally well-intentioned chemicals outweighs their 
benefits, their continued use is no longer warranted. 
  

Today, the contamination from persistent man-made chemicals is a pervasive global 
problem that urgently demands a global solution.  Responding to the gravity of this threat, the 
international community has begun important steps toward stopping this unintended 
experiment.  In June 1998, nearly a hundred nations embarked on negotiations with the goal 
of concluding a binding, global treaty on persistent organic pollutants (POPs) before the end 
of 2000.  The out-come is critical since this process will determine the scope and pace of 
global action against persistent chemicals. 
  

Because of their unique properties, POPs pose a special kind of challenge that makes 
it impossible for any nation to remedy the problem by acting alone.  POPs don’t degrade 
readily and, even more important, they don’t stay put.  They can travel thousands of miles in 
complex journeys on air, water currents, and through the food web, making one country’s 
contamination inevitably the world’s problem.  POPs are now ubiquitous. 
  

Many countries have already banned most of the chemicals in question or severely 
restricted their use.  But their trade and use continues in some parts of the world.  In many 
places, old stockpiles of pesticides and industrial chemicals are an increasing hazard to those 
who live nearby and to the world at large as they leak, leach, and evaporate into the air from 
dump sites and inadequate or deteriorating storage containers.  Until an effective and 
adequately funded disposal program is put into place, POPs will continue to escape and add to 
the existing danger. 
 
 The 12 persistent organic chemicals, which include pesticides/insecticides such as 

Hexachlorobeneze (HCB), Endrin, Mirex, Toxaphene, Chlordane, Heptachlor, DDT and 
Aldrin and Dieldrin; industrial chemicals such as Polychlorinated biphenyls (PCBs) and 
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Hexachlorobenzene (HCB); unintentional by-products such as Dioxins and Furans, pose a 
host of health hazards.  Acute exposure in tropical agriculture has caused a large number of 
human deaths and injuries, including severe nervous system and liver damage.  Numerous 
studies have also linked these synthetic chemicals to cancer and other significant health 
problems in people and wildlife.  Researchers find that PCBs and their co-contaminants can 
do damage at extraordinarily low doses, measured in parts per trillion, and that they are 
already compromising the health and intelligence of the next generation. 
  
 Given these immense stakes, swift and strong action to eliminate the use and 

production of persistent chemicals, is to be given top priority. Since the developing 
countries in the BOB region are still using a host of these POPs, it is high time that steps 
are taken jointly under a regional programme for producing viable alternatives for 
POPs.   
          
  In the light of the above, some of the actions, which could be taken up on a regional 
collaborative basis, are listed below: 
 

(i) A regional programme for abatement of land-based sources of pollution, 
should be taken up, particularly covering India, Sri Lanka, Bangladesh and 
Myanmar, which are contiguous, with a view to improving the health of the 
coastal and marine areas that consequently will result in augmenting the 
living resources. Agreed sea water quality standards should be developed for 
areas beyond territorial waters with parameters containing toxic metals, 
organic compounds and others, which are transboundary in nature that lead 
to degradation of seawater of neighbouring countries (all BOBLME 
countries).  

 
(ii) Building up a project for awareness creation among the coastal community 

of the region on various aspects relating to Coastal Zone Management (all 
BOBLME countries). 

 
(iii) A regional programme for ensuring sea safety of the fishing community is 

essential covering the BOBLME countries. 
 

(iv) Combating accidental oil spills in the high seas is one of the major issues to 
be considered for protecting and conserving the marile living resources.  To 
this end Regional co-operation in combating oils spills in this BOBLME 
region, is very much essential, which should include studies on the impact of 
oil rigs on fisheries.  

 
(v) Information, education and capacity building are the three major elements 

in resource management.  These three aspects should start from the planner 
to the grass-root level and integrated programmes for capacity building, 
education and knowledge dissemination should be initiated (all BOBLME 
countries). 

 
(vi) A regional programme for providing the basic infrastructure facility for fish 

marketing at vantage points along the coastline, where there are no proper 
fish landing centres should be initiated.  The facilities to be created include 
construction of a fish marketing shed, a platform for hygienic handling of 
fish, fresh water supply, sanitation facilities and a cold storage facility 
depending on the quantum of fish landed in that place (all BOBLME 
countries). 

 
(vii) A pilot project for community-based resource management on the model of 

Philippines or Sri Lanka to be introduced in other countries with the direct 
participation of the community themselves with support coming from the 
Government or the NGOs and other research and development 
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organizations in the form of financial, technical and extension support (all 
BOBLME countries). 

 
(viii) A pilot project for protection of the coastal critical habitats – to begin with, 

covering India and Sri Lanka for the Gulf of Mannar/Palk Bay ecosystem, 
and between India and Bangladesh for Sundarbans ecosystem, should be 
initiated. 

 
(ix) A master plan for assessment and prediction models of the fishery resources 

that are shared between countries or that are straddling and highly 
migratory in nature such as tunas, mackerel, Hilsa, oil sardine, etc. should 
be undertaken on regional basis. In addition, a long-term Joint 
Environmental Monitoring programme with oceanographic parameters 
relevant to fisheries with a component of capacity building programme on 
these subjects could be initiated at regional level covering India, Sri Lanka, 
Thailand, Maldives and Bangladesh. There is need for developing a regional 
tagging programme with international cooperation to understand the 
migratory movement of similar stocks. 

 
(x) For ecosystem modelling of Chilka Lake and Pulicat Lake, which are the two 

largest salt-water lagoons in the country in India, a joint programme with 
Thailand on Shonkla Lake, where the situation is similar, should be taken 
up. 

 
(xi) A master plan for implementing the FAO Code of Conduct for Responsible 

Fisheries and ecosystem-based fisheries management covering all the 
countries of the region could be developed, which should incorporate in it 
the issues relating to IUU fishing. 

 
(xii) There should be a regular exchange of information and data on coastal and 

marine area management practices within the BOBLME countries.  This 
should serve as an example to the countries in the other region. 

 
(xiii) World Bank has outlined the need for intensive global effort to develop and 

fund a programme to fill data gaps.  It is high time a similar initiative is 
introduced for the BOBLME countries under a regional programme, as this 
is common to all BOBLME member countries. 

 
(xiv) Development of adequate expertise and facilities for GIS application in 

coastal zone management in out region, as a collaborative programme. 
 

(xv) Since the developing countries in the BOBLME region are still using a host 
of POPs, it is high time that steps are taken jointly under a regional 
programme for producing viable alternatives for POPs. 

 
A concluding wish 
 

If the major issues of conservation, development and management of the coastal and 
marine environment and its resources are addressed through these pilot projects, this will not 
only help India and the countries of BOBLME but also it will be a forerunner for other 
countries in the seas adjoining the Bay of Bengal.  The list given above is only a drop in the 
ocean.  If we clean up the entire Bay of Bengal by involving all the stakeholders and conserve 
the coastal critical habitats and the marine environment and augment its living resources at 
least in the next decade, our dream of creating the Bay of Bengal would be fruitful. 
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Annexure - I  
 

INDIA 
 

LIST OF PERSONS MET AND PARTICIPANTS IN THE STAKEHOLDERS MEET 
HELD AT DIFFERENT PLACES DURING 2nd JULY – 25th JULY, 2003 

 
1. Centre of Advanced Study in Marine Biology, Annamalai University,  
    Chidambaram & Parangipettai 
 
Dr.L.B. Venkatrangan, Vice-Chancellor, Annamalai University, Annamalai Nagar, 
Chidambaram. 
Dr. M. Rathinasabapathi, Registrar, Annamalai University, Annamalai Nagar, Chidambaram. 
Dr. T. Balasubramanian, Professor (Marine Pollution) & Director, CAS in Marine Biology, 
Parangipettai 
Dr. T. Kannupandi, Professor (Coastal Aquaculture)  
Dr. L. Kannan, Professor (Marine Botany)  
Dr. S. Ajmal Khan, Professor (Marine Fisheries & Coastal Aquaculture)  
Dr. S. Antony Fernando, Retd. Professor (Marine Ecology) 
Dr. K. Kadiresan, Professor (Marine Botany) 
Dr.S. Rajagopal, Reader (Coastal Aquaculture) 
Dr. (Mrs.) Olivia Fernando, Reader (Marine Ecology) 
Dr. M. Natarajan, Reader (Instrumentation) 
Dr. N. Veerappan, Reader (Physiology of Marine Animals) 
Dr. M. Srinvasan, Reader (Fisheries Science) 
Dr. P. Perumal, Lecturer (Sr. Scale) (Biological Oceanography) 
Dr. A. Shanmugam, Lecturer (Sr. Scale) (Nutrition & Bioactive Compounds)  
Dr. (Mrs.) P.S. Lyla, Lecturer (Sr.Scale) (Marine Fisheries & Coastal Aquaculture)  
Dr. P.Sampathkumar, Lecturer (Biological Oceanography)  
Dr. P. Anantharaman, Lecturer (Marine Botany)  
Dr. M. Kalaiselvam, Lecturer (Marine Microbiology) 
Dr. P. Soundarapandian, Lecturer (Coastal Aquaculture)  
Dr. (Mrs.) P. Jayalakshmi, Lecturer (Microbiology) 
Dr. S.T. Somasundaram, Lecturer (Molecular Biology) 
Dr. G. Ananthan, Lecturer (Heavy metal Pollution)  
Dr. K. Sivakumar, Lecturer (Bio-informatics)  
Dr. T. Ramanathan, Lecturer (Marine Botany – Coastal Ethanobotany) 
 
Tamil Nadu Fisheries Department, Chidambaram/Parangipettai 
 
Mr. G. Chandrasekaran, Assistant Director of Fisheries (Aquaculture), Chidambaram-608001 
Mr. R. Karunaharan, Research Assistant, Parangipettai-608502 
Mr. A. Manuneethi, Sub-Inspector of Fisheries, Killai, Chidambaram-608102 
 
Fishermen & Aquaculturists 
 
Mr. N.V. Sundar, B.E., Sri Nataraja Aquafarms, Killai, 886 A, DTK Nagar, Lalpuram, 
Chidambaram. 
Mr. P.K. Mani, Surya Prawn Farms, Killai, 50-D, Kanagasabai Nagar, Southern Cross, 
Chidambaram. 
Mr. M. Rajavelu, MRV Aquafarms, Killai, 55/1 Malaikatti Street, Chidambaram. 
Mr. M. Pargunan, K.M. Aquafarms, Killai. No.6, Mukaval Street, Chidambaram-608001. 
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Mr. K. Settan, Fisherman, Pudukuppam, South Street, C. Pudupettai P.O. 608502, 
Chidambaram Tq. 
Mr. V. Kumaravel, Fisherman, Mechanised Fishing, Reddiyarpettai, South Street, Andar 
Mulli Pallem P.O., Cuddalore Tq. 
Mr. V.Vasu, Fisherman, Mechanised Fishing, Reddiyarpettai, Andar Mulli Pallem, Cuddalore 
Mr. V. Rajendran, Fisherman, Mechanised Fishing, Reddiyarpettai, Andar Mulli Pallem, 
Cuddalore 
Mr. G. Vijayakumar, Annappanpettai, Andar Mulli Pallem P.O., Cuddalore Tq. 
Mr. K. Ilangovan, Fisherman, Parangipettai. 
Mr. T. Samy, Fisherman, Parangipettai  
 
3rd July 2003 
 
At the Office of the Assistant Director of Fisheries, Cuddalore. 
 
Mr. Ramanujam, Assistant Director of Fisheries, Govt. of Tamil Nadu, Cuddalore. 
Mr. V. Pachiappan, Mechanised Fishing operator, Periyakuppam Fisheries Cooperative 
Society, Periyakuppam P.O.  Cuddalore Tq. 
Mr. L. Vagaran, Akkaraikori Fisheries Cooperative Society, Akkaraikori, Cuddalore. 
Mr. R. Nagalingam, Rajapettai Fisheries Cooperative Society, Rajapettai, Cuddalore. 
Mr. V. Dharani, Cuddalore District Fisheries Cooperative Society, Cuddalore. 
Mrs. K. Jothi, W/O Mr. Krishnan, Sonankuppam Fisherwomen Cooperative Society, 
Sonankuppam, Cuddalore. 
Mrs. Govindammal, W/O Mr. Raman, Sothikuppam Fisherwomen Cooperative Society, 
Sothikuppam, Cuddalore. 
Mrs. Jayalakshmi, W/o Mr. Murthy, Kinjampettai Fisherwomen Cooperative Society, 
Kinjampettai. 
Mrs. Kaali, W/O Mr. Jaleel, Sonankuppam Fisherwomen Cooperative Society, Sonankuppam, 
Cuddalore. 
Mrs. Malar, W/O Mr.Pichaiandi, Thazanguda Fisherwomen Cooperative Society, 
Thazanguda, Cuddalore. 
Mrs. Bhama, W/O Mr. Subramani, Sonankuppam Fisherwomen Cooperative Society, 
Sonankuppam, Cuddalore. 
Mrs. Malathi, W/o Mr. Raju, Thaikkal Thonithurai Fisherwomen Cooperative Society, 
Thaikkal Thonithurai, Cuddalore. 
Mrs. Purani, W/O Mr. Kumaresan, Sonankuppam Fisherwomen Cooperative Society, 
Sonankuppam, Cuddalore 
 
At the Directorate of Fisheries, Government of Pondicherry, Pondicherry 
 
Fisheries Department Personnel 
 
Mr. A. Balasubramanian, Director of Fisheries, Pondicherry 
Mr. S. Bhupal, Joint Director of Fisheries 
Mrs. Mary Chinna Rani, Joint Director of Fisheries 
 
Other Departments of Govt. of Pondicherry 
 
Dr. P. Devaraj, Dy. Conservator of Forests, Forest Department 
Mr. B. Ramkumar, Director of Ports 
Mr. G. Sekar, Executive Engineer, Pondicherry Housing Board 
Mr. N. Ramesh, Junior Engineer, Dept. of Science, Technology & Environment 
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Mr. V. Bhuvaneshwaran, Junior Town Planner, Town & Country Planning Department 
Mr. S. Manickam, Dy. Director, Planning & Research Department,  
Mr. S. Mohandass, Assistant Director, Tourism Department 
Mr. V. Veeraraghavan, Dy. Transport Commissioner 
Mr. J.C.P. Mariadasson, Dy. Secretary, Law Department 
Mr. A. Jothikumar, Assistant Director, Industries & Commerce Department 
Mr. A. Vincent Rayar, Revenue Officer, Revenue Department 
 
Fisheries Cooperatives/Associations 
 
Mr. K. Malayalathan, President, Vaithikuppam Fisheries Cooperative Society, Vaithikuppam 
Mr. I. Perumal, President, Pillaichavadi Fisheries Cooperative Society, Pillaichavadi 
Mr. G. Baskaran, President, Pondicherry Cooperative Society, Kuruchikuppam 
Mr. G. Mahalingam, Veerampattinam 
Mr. S. Selvam, Solai Nagar, Pondicherry 
Mrs. Kavitha Kannan, President Sri Kanthariamman Fisherwomen’s Cooperative Society, 
Periakalapet 
Mrs. Vavani Meganathan, President, Pudukuppam Fisherwomen Cooperative Society, 
Pudukuppam, Pondicherry.  
 
4th July 2003   
 
At the Directorate of Fisheries, Government of Tamil Nadu, Chennai. 
Officials of Tamil Nadu Fisheries & Scientists of CMFRI, CIBA, FSI & CIFNET 
 
Mrs. M.P. Nirmala, Director of Fisheries & Member, National Task Force, BOBMLE 
Programme, Chennai 
Dr. M. Paramasivam, Jt. Director of Fisheries (Marine), Government of Tamil Nadu, 
Chennai. 
Mr. R. Muthuswamy, Jt. Director of Fisheries, (Research), Govt. of Tamil Nadu, Chennai. 
Mr. Sundaramoorthy, Dy. Director of Fisheries, Govt. of Tamil Nadu, Chennai 
Mr. S. Shanmughanantham, Asst. Director of Fisheries, Govt. of Tamil Nadu, Chennai. 
Dr. H. Mohammad Kasim, Principal Scientist & Scientist In-Charge, Central Marine Fisheries 
Research Institute, Chennai-600 006. 
Dr. A.R. Thirunavukkarasu, Principal Scientist, Central Institute of Brackishwater 
Aquaculture, Chennai-600 028. 
Mr. K.N.V. Nair, Zonal Director, Fishery Survey of India, Chennai-600 013. 
Mr. M. Devaraj, Deputy Director, Central Institute of Fisheries Nautical & Engineering 
Training, Royapuram, Chennai-600 013. 
 
Representatives of Fishermen’s Cooperative Societies, Chennai 
 
Mr. P. Kuppan, President, Chennai-Thiruvallur-Kanjeepuram District Mechanised 
Fishermen’s Cooperative Society, 334, S.N. Chetty Street, Royapuram, Chennai-600 013. 
Mr. R. Sudharsan, Secretary, Chennai-Thiruvallur-Kanjeepuram District Mechanised 
Fishermen’s Cooperative Society, 334, S.N. Chetty Street, Royapuram, Chennai. 
Mr. P. Sesha, Vice-President, Chennai-Thiruvallur-Kanjeepuram District Mechanised 
Fishermen’s Cooperative Society, 334, S.N. Chetty Street, Royapuram, Chennai. 
Mr. D. Jayaraman, Vice-President, Chennai-Thiruvallur-Kanjeepuram District Mechanised 
Fishermen’s Cooperative Society, 334, S.N. Chetty Street, Royapuram, Chennai 
Mr. E. Mathiazhagan, Treasurer, Chennai-Thiruvallur-Kanjeepuram District Mechanised 
Fishermen’s Cooperative Society, 334, S.N. Chetty Street, Royapuram, Chennai 
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Mr. S. Venugopal, Ex-MLA, Mechanised Fishing Boat Owner, Royapuram, Chennai. Mr. K. 
Chellakkannu, President, North Chennai Fishermen Villages Aikkiya Sabhai, Kasimedu.  
No.10, 2nd Street, New Kamarajar Nagar, Chennai. 
Mr. B. Sivalingam,  Vice-President, North-Chennai Fishermen Villages Aikkiya Sabhai, 
Kasimedu. 17, Kasipuram “B” Block, 11th Lane, Royapuram, Chennai. 
Mr. K. Duraivelu, Treasurer, North-Chennai Fishermen Villages Aikkiya Sabhai, Kasimedu. 
60/17, Flag Staff Street, Royapuram, Chennai. 
Mr. S. Seniyappan, Mechanised Fishing Operator, 23/12 Kaasimanagar, Royapuram, 
Chennai. 
Mr. M. Ranganaathan, Mechanised Fishing Operator, 53, PV Koil Street, Royapauram, 
Chennai.   
 
5th July, 2003 
 
Madurai-Kamaraj University, Madurai 
 
Dr. T.J. Pandian, National Professor, Madurai-Kamaraj University, Madurai 
Dr. A.K. Kumaraguru, Professor & Director, Centre for Marine & Coastal Studies, Madurai-
Kamaraj University, Madurai 
Dr. C.M. Ramakritinan, Research Associate, Centre for Marine & Coastal Studies, MKU, 
Madurai 
Mr. S. Kannan, Lecturer in Zoology, H.K.R.H. College, Uthamapalayam, Teni district. 
 
Central Marine Fisheries Research Institute, Regional Centre, Mandapam Camp. 
 
Dr. N. Kaliaperumal, Principal Scientist & Scientist In-Charge 
Dr. A. Raju, Principal Scientist (Culture Fisheries) 
Dr. I. Jagadis, Senior Scientist (Pearl Oyster/Pearl Culture) 
Mrs. G. Rukmani, Technician, Pearl Culture Unit 
Mrs. Sethu Priya, Technician, Pearl Culture Unit 
 
Central Salt & Marine Chemicals Research Institute, Mandapam Camp. 
 
Mr. S. Thiruppathi, Junior Technical Assistant, CSMCRI Marine Research Station, 
Mandapam Camp.  
 
At Pamban Fishermen’s Village  
 
Mr. K. Asmathullah Khan, Inspector of Fisheries, Tamil Nadu Government, Pamban. 
Mr. I. Jayaprakash, Valan Nagar Fishermen’s Cooperative Society, Pamban, Rameswaram 
Tq. 
Mr. S. Royappan, Ex-President, Francis Nagar Fishermen’s Cooperative Society, Pamban, 
Rameswaram Tq.  
Mr. Sathiyaseelan, Fisherman, Francis Nagar, Pamban, Rameswaram Tq. 
Mr. S.P. Pakkiam, Fisherman, Francis Nagar, Pamban, Rameswaram Tq. 
Mr. E.Richard, Fisherman, Francis Nagar, Pamban, Rameswaram Tq. 
 
6th July 2003   
 
At Chinnappalam, Pamban 
 
Mr. S. Durairaj, Fisherman, Chinnapalam, Pamban. 
Mr. S. Nagarajan, Fisherman, Chinnapalam, Pamban. 
Mrs. D. Mallika, Member, Chinnapalam Fisherwomen Society, Chinnapalam, Pamban. 
Mrs. Amudha, Member, Chinnapalam Fisherwomen Society, Chinnapalam, Pamban. 
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Mrs. Maari, Member, Chinnapalam Fisherwomen Society, Chinnapalam, Pamban. 
(14 other Women who go for sea weed collection refused to give their names in protest 
against the Forest Department Staff who are preventing them from collecting seaweed from 
the Gulf of Manner Biosphere Reserve and ill-treating them). 
 
Private Sector – PEPSICO-CSMCRI Carrageenan Project at Pamban Bridge, Ramnad 
district.  
 
Mr. R. Laxmikanthan, Project Manager, Pepsico Carrageenan Project, 16-18 SIDCO, 
Paramakkudi,  
Dr. M. Shanmugam, Project Executive, Pepsico Carrageenan Project, 16-18 SIDCO, 
Paramakkudi,  
Mr. N. Karthikeyan, Field Executive, Pepsico Carrageenan Project, 16-18 SIDCO, 
Paramakkudi.  
 
 
9th July 2003  
 
National Institute of Oceanography, Regional Centre, Kochi 
 
Dr. K.K.C. Nair, Scientist-In-Charge 
Dr. T. Gopalakrishnan, Scientist 
Dr. U.P. Saramma, Scientist 
Dr. Rosamma Stephen, Scientist 
Dr. K.K. Balachandran, Technical Officer (TOB) 
Mr. P.A. Maheswaran, Senior Research Fellow 
 
Centre for Marine Living Resources and Ecology, Dept. of Ocean Development, Kochi 
 
Dr. V.N. Sanjeevan, Scientist-D. 
 
Central Marine Fisheries Research Institute, Kochi 
 
Dr. K.K. Appukuttan, Director-In-Charge 
Dr. E.V. Radhakrishnan, Head, Crustacean Division 
Dr. R. Paul Raj, Head, PNP Division 
Dr. K. Sunil Mohamed, MF Division 
Dr. C. Ramachandran, Scientist, Socio-economic Evaluation and Technology Transfer 
Division 
Dr. (Ms) Sheela Immanuel, Scientist (SS) 
Dr. (Ms) V. Kripa, Senior Scientist, Molluscan Fisheries Division 
Dr. M. Rajagopalan, Head, FEM Division 
Dr. R. Sathiadass, Head, Socio-economic Evaluation and Technology Transfer Division 
Dr.M. Srinath, Principal Scientist, Head FRA Division. 
 
Integrated Fisheries Project, Kochi 
 
Mrs. S. Girija, Processing Technologist. 
Mrs. P.Premalatha, Fishery Officer 
 
10th July 2003 
 
Central Institute of Fisheries Nautical & Engineering Training, Kochi 
 
Mr. C.A. Ninan, Senior Instructor (General) 



 279

Mr.Jomon Joseph, Sr. Instructor (Oceanography & marine instrumentation) 
Mr. K.C. Udayaprakasam, Instructor (Seamanship & Navigation) 
Mr. A Ravichandran, Senior Instructor (Marine Engineering) 
Mr. M. Devadhason, Marine Mechanical Engineer 
Mr. A.R. Shamshudeen, Instructor (Craft & Gear) 
 
Marine Products Export Development Authority (MPEDA), Kochi.  
 
Mr. Jose K. Cyriac, Chairman, MPEDA 
Dr. J. Bojan, Director 
Dr. G. Santhanakrishnan, Secretary 
Dr. B. Vishnubhat, Joint Director 
Mr. G. Ramesh, Dy. Director 
Mr. A.L. Muthuraman, Dy. Director 
Mr. B. Basak, Dy. Director 
Mr. P.N. Vinod, Junior Technical Officer 
 
11th July 2003 
 
Zoological Survey of India, Chennai 
 
Dr. K. Venkataraman, Scientist –E, Marine Biological Station 
Dr. G. Thirumalai, Scientist-E  
Dr. J.T. Jothi Nayagam, Scientist-B 
Dr. P. Krishna Moorthy, Assistant Zoologist 
Ms. V. Bagyalakshmi 
Mr. V.R. Punithavelu 
Dr. M.B. Raghunathan, Assistant Zoologist 
Dr. (Mrs.) T.J. Indra, Assistant Zoologist 
Mr. S. Krishnan, Scientist-D 
Dr. K. Rema Devi, Scientist-C 
 
News Media 
 
Mr. P. Oppili, Senior Reporter, The Hindu, Chennai 
 
12th July 2003 
 
Department of Fisheries, Hyderabad, Andhra Pradesh 
 
Dr. P. Krishnaiah, Commissioner, Fisheries, Andhra Pradesh 
Mr. C. Ilaaiah, Addl. Director of Fisheries 
Mr. CH. Sesha Sayana Rao, Jt. Director of Fisheries, 
Dr. V. Raghothama Swamy, Jt. Director of Fisheries, 
Mr. V. Suresh, Jt. Director of Fisheries, 
Dr. E.V. Gopinath Sai, Dy. Director of Fisheries, 
Mr. D. Krishnaiah, Dy.Director of Fisheries, 
Mr. B. Dhananjaya Rao, Asst. Director of Fisheries. 
Mr. M. Ram Gopal Rao, Principal, Stte Institute of Fisheries Technology, Kakinada. 
 
Other Departments of Andhra Pradesh  
 
Mr. A.V. Subba Rao, Scientist, APSRAC, Planning Dept., Hyderabad 
Mr. P. Anjaneyalu, Dy. Director, SADA, EFS&T Dept., Hyderabad. 
Mr. A.V. Joseph, Chief Conservator of Forests (WL), Hyderabad 
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Dr. (Mrs.) K.V. Ramani, Jt. Chief Environmental Scientist, APPCB, Hyderabad. 
 
INCOIS, DOD, Hyderabad 
 
Dr. T. Srinivasa Kumar, Scientist & Head, Advisory Service and Satellite Oceanography 
Group.  
 
14 &15th July 2003 
 
NTF Members and others at Delhi 
 
Ministry of Agriculture, GOI, New Delhi 
 
Mr. Pattanaik, Joint Secretary (Fisheries), DAH&DD 
Mr. M.K.R. Nair, Fisheries Development Commissioner, DAH&DD 
Mr. G.D. Chandrapal, Director (Tech.) Aquaculture Authority of India & Dy. Commissioner 
(Fisheries), DAH&DD 
Mr. N. Ramachandran, Fisheries Research & Investigation Officer 
Mr. A.K. Srivastava, Addl. Commissioner (Forestry), Natural Resources Management 
Division, Sastri Bhavan, New Delhi 
 
Ministry of Environment & Forests, GOI, New Delhi 
 
Mr. S.K. Joshi, Director (IC&SDI), New Delhi 
Dr. A. Senthil Vel, Joint Director 
Dr. Rajeev Kher, Senior Fellow, TERI, New Delhi 
 
Planning Commission, New Delhi 
 
Mr. C. Haridas, Deputy Advisor (Fisheries),  
 
Coast Guard 
 
Cammander M.T. Gore, Deputy Director Operations (Fisheries), New Delhi-1 
 
Department of Ocean Development, New Delhi 
 
Dr. Harsh K. Gupta, Secretary to Government of India 
Dr. S.P.Seth, Joint Secretary 
Mr. Ajai Saxena, Director 
 
17th July 2003 
 
West Bengal Fisheries Department, Kolkata 
 
Mr. S.K. Thade, Director of Fisheries 
Mr. B.C. Roy, Jt. Director, Fisheries 
Mr. S. Chakrabarti, Joint Director, Fisheries (ME&US) 
Ms. Soma Gangopadhyay, Dy. Director, Fisheries 
Dr. K.K. Sengupta, Dy.Director, Fisheries 
Ms. (Dr). Madhumita Mukherjee, Dy. Director, Fisheries  
Mr. Tarun Kumar Giri, District Fishery Officer, Marine, Diamond Harbour,  
Mr. Sudip Mitra, Project Officer, BENFISH, Diamond Harbour 
Mr. Utpal Kumar Sar, Asst. Director, Fisheries, Marine, Cantai. 
Mr. Probodh Kumar Chatterjee, Asst. Director, Fisheries, Kolkata. 
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Mr. D.K. Maiti, Managing Director, West Bengal Fisheries Corporation, Kolkata 
Mr. S.K. Pal Chowdhury, Managing Director, State Fisheries Development Corporation, 
Kolkata 
 
NGOs/Fishermen’s Association, etc. 
 
Mr. Prasanta Banerji, NGO (No name given). 
Mr. Sasidulal Ghosh, Secretary, Fish Producers Association & Asst. Secretary, Jala Bhoomi 
Bachao Committee, Kolkata 
Mr. Tamal Kanti, Dt. Treasurer, Jala Bhoomi Bachao Committee, Kolkata. 
Mr. Niranjan Das, Ma Thakurani Marine Fisheries Cooperative Society, Kuttali, South 24 
Parganas dist. 
Mr. Hiralal Das, Ma Thakurani Marine Fisheries Cooperative Society, Kuttali, South 24 
Parganas dist. 
Mr. Tejendra Lal Das, Kakdwip Fishermen’s Association, Kakdwip 
Mr. Biranga Das, Rani Rasmoni Samudrick Matsajibi Samiti, Kakdwip 
Mr. Gobinda Pradhan, Asst. Secretary, Sundarban Fishermen and Fish Workers Union, 
Raidigha. 
 
18th July 2003 
 
Department of Fisheries, Orissa, Cuttack/Bhubaneswar 
 
Mr. Ashok Tripathy, Secretary to Government, Dept. of AH and Fisheries, Bhubneshwar 
Mr. Satyabratha Sahu, Director of fisheries, Orissa, Cuttack 
Mr. T.K. Behera, Joint Director of Fisheries 
Mr. Arjun Naik, Dy. Director of Fisheries (MS) 
Mr. A.P. Rao, Project Director, Prawn Hatchery, Chandrabhaga 
Mr. A.K. Samantroy, Dy. Director of Fisheries (SBW) 
Mr. M.N. Parida, Dy. Director of Fisheries (Plan) 
Dr. N.C. Biswal, Dy. Director of Fisheries (Extension) 
Mr. S.K. Sahoo, Senior Research Officer, Directorate of Fisheries, 
Mr. A.K. Nayak, District Fishery Officer, Rajnagar 
Dr. K.K. Samal, Asst. Director of Fisheries, Bolangir 
Mr. B.C. Hembram, Asst. Director of Fisheries (Marine), Kujang 
Mr. B. Munda, Asst. Director of Fisheries (Marine), Ganjam 
Mr. P.K. Pradhan, Asst. Director of Fisheries (Marine), Balasore 
Mr. B.C. Misra, Asst. Director of Fisheries (Marine), Puri 
Mr. Amiyakumar Acharya, Dy. Superintendent of Fisheries, Cuttack 
Mr. Hemant Kumar Dash, Junior Fishery Officer, Cuttack 
Mr. Mirmal Chandra Baral, Jr. Fishery Officer (Marine), Jobra, Cuttack 
 
Officials of other Departments of Govt. of Orissa 
 
Mr. P.K. Pramanik, Marine Products Export Development Authority, Bhubneshwar 
Mr. P.K. Rath, Assistant Conservator of Forests, Paradeep 
Dr. K.S. Bhatta, Scientific Officer, Chilka Development Authority, Bhubneshwar 
Mr. S.K. Mohanty, Joint Director, Fisheries, Orissa (Retd.) Consultant, CDA, Bhubneshwar 
 
NGOs/Fish Boat Owners Association/Fy. Cooperatives  
 
Mr. Raschal Mishra, Secretary, SPANDAN (NGO) & President UMPFCS, Paradeep  
Mr. A. Senapati, Project Director, Project Swarajya, Khadianga, Kendrapada  
Mr. Kameshwar N. Prharaja, Convenor, All Orissa Trawler Owners Association 
Mr. Praboth K. Kjena, Secretary, MDFA, Dhamara 
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Mr. K. Allaya, General Secretary, Orissa Traditional Fish Workers Union, Arjyapalli, 
Chatrapur, Ganjam dist. 
Mr. Gopal Chandra Jena, President, Trawler Owners Association, Bahabalpur, Balasore 
Mr. Surender Kumar Das, Secretary, Trawler Owners Association, Bahabalpur, Balasore 
Mr. Chitha Ranjan Routh, Trawler Owners Association, Balasamgiri, Balasore 
Mr. P.K. Dev Burman, Member, All Orissa Trawler Owners Association, Orissa. 
Mr. Tapas Kumar Maity, Member, Trawler Owners Association, Bahabalpur, Balasore 
Mr. Govardhan Behr, Member, Trawler Owners Association, Bahabalpur, Balasore 
Mr. S. Berman, Trawler Owners Association, Bahabalpur, Balasore 
Mr. Gour Hari Munna, Member, Trawler Owners Association, Bahabalpur, Balasore 
 
19th July 2003 
 
Orissa Fisheries Department, Berhampur 
 
Mr. Krishna Chandra Badapanda, Dy. Director of Fisheries, Southern Zone, Berhampur 
Mrs. Krishna Kumari Koka, Dy. Superintendent of Fisheries, Brackishwater Fish Farmers 
Development Agency, Ganjam, Berhampur 
Mr. Syam Prasad Panda, Fishery Extension Officer (Marine), Ganjam. 
 
Department of Marine Sciences, Berhampur University, Berhampur 
 
Dr. G.C. Patni, Vice-Chancellor, In-Charge 
Dr. K.C. Sahu, Head of the Department, Marine Sciences Dept. 
Dr. B.K. Sahu, Professor 
Dr. R.C. Panigrahy, Professor 
Dr. A.S.N. Murthy, Professor 
Dr. K.C. Sahu, Lecturer & Project Investigator, DOD/OSTC Project 
Dr. L. Nayak, Professor 
Dr. P.K. Mohanty, Professor 
Dr. P.K.Behera, Professor, Department of Botony 
Dr. (Mrs.) Snehalata Das, Research Associate, CSIR 
Mr. Rajani Kanta Mishra, Senior Research Fellow, CSIR, Dept. of Biotechnology, Berhampur 
University 
Mr. Prakash Chandra Mohanty, Junior Research Fellow, DOD Project 
Ms. Alka Panda, Junior Research Fellow, DOD Project 
Ms. Nazneen Begum, Junior Research Fellow  
Ms. Sarmistha Mishra, Junior Research Fellow, DOD Project 
  
NGO/Other Institutions in Berhampur 
 
Mr. Mangaraj Panda, Secretary-cum-Programme Director, United Artists’ Association, 
Ganjam district 
Dr. Manas K. Chattopadhyay, Project Director, Orissa Shrimp Seed Production Supply and 
Research Centre, Marine Products Export Development Authority, Gopalpur-on-sea, Ganjam 
dist. 
Dr. J.P. Sahu, Director, College of Fisheries, Orissa University of Agriculture & Technology, 
Berhampur 
 
Ma Gangadevi Primary Marine Fisherwomen Fish Marketing Cooperative Society, New 
Gola Bandha, Ganjam District.  
 
Mrs. K. Gauramma, President of the Society  
Mrs. S. Narasamma 
Mrs. K. Tulasamma 
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Mrs. S. Sattemma 
Mrs. S. Garamma 
Mrs. K. Kalemma 
Mrs. M. Rajalakshmi 
Mrs. K. Sattemma 
Mrs. B. Kannamma 
Mrs. K. Laxmamma 
Mrs. S. Garamma (Senior) 
Mrs. S. Ashamma 
Mrs. S. Achhamma 
Mrs. J. Kalemma 
Mrs. S. Garemma (Junior) 
Mrs. G. Komalamma 
Mrs. S. Janakiamma 
Mrs. S. Susila 
Mrs. J. Devaki 
Mrs. B. Janakamma 
Mrs. S. Kalemma 
Mrs. P. Achhamma 
Mrs. S. Santamma 
Mrs. J. Laxmanamma 
Mrs. K. Laxmanamma 
Mrs. S. Erramma 
Mrs. S. Laxmanamma 
Mrs. A. Kalemma 
Mrs. N. Laxmanamma 
Mrs. M. Sarojini 
Mrs. K. Laxmamma 
Mrs. A. Karremma 
Mrs. S. Budemma 
Mrs. S. Nanamma  (Senior) 
Mrs. S. Kamamma 
Mrs. S. Nanamma (Junior) 
Mrs. G. Rajemma 
Mrs. S. Kamalamma 
Mrs. J. Kalemma 
Mrs. J. Danamma 
Mrs. S. Gauramma 
Mrs. J. Gauramma 
Mrs. S. Budemma 
Mrs. N. Kamamma 
Mrs. J. Kamamma 
Mrs. J. Polemma 
Mrs. S. Sattemma 
Mrs. S. Kamamma 
Mrs. S. Garamma 
Mrs. C. Nanamma 
Mrs. K. Kurlamma 
Mrs. K. Garamma (Senior) 
Mrs. K. Garamma (Junior) 
Mrs. N. Kamamma 
Mrs. V. Komitamma 
Mrs. Ch. Jogamma 
Mrs. S. Kalemma 
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20th July 2003 
 
Kakinada, Andhra Pradesh 
 
Andhra Pradesh Fisheries Department Officials 
 
Dr. Ramagopala Rao, Principal, State Institute of Fisheries Technology (SIFT) 
Mr. P. Ram Mohan Rao, Fisheries Development Officer, SIFT 
Mr. M.I.R. Swarna Kumar, Asst. Director of Fisheries, Kakinada 
Mr. P. Jaya Rao, Asst. Director of Fisheries, SCP, Polekkuru 
Mr. N. Subba Rao, Asst. Director of Fisheries, SIFT,  
Mr. D.S. Sudhakar, Fisheries Development Officer, Kakinada 
Mr. N. Srinivasa Rao, Hydrologist, SIFT 
Mr. K. Ramathendlai, Asst. Director of Fisheries, SIFT 
Mr. V. Krishna Rao, Fisheries Development Officer, Kakinada 
Mrs. M. Perses, Fisheries Development Officer, SIFT 
Mrs. S. Anjali, Fisheries Development Officer, SIFT 
 
Other Central/State Institutes/Departments/University 
 
Dr. R. Narayana Kumar, Senior Scientist & SIC, Research Centre of CMFRI, Kakinada 
Dr. K.A. Unnithan, Sr. Scientist, CMFRI, Kakinada 
Mr. P. Rami Reddy, Technical Officer, Central Institute of Fisheries Education, Kakinada 
Dr. A.V. Raman, Professor, Marine Biology, Andhra University, Waltair 
Mr. Y.K.V. Rao, Research Scholar, Marine Biological Laboratory, Andhra University, 
Waltair  
Mr. K.V.S.S.R. Ch. Varma, Port Conservator, Port Department, Kakinada 
Mr. G. Srinivasa Rao, Geologist, Ground Water Department, State PWD, Kakinada 
Mr. D.V.S.V.P. Sita Rama Rao, Lecturer in Zoology, P.R. Government College, Kakinada 
Mr. C.V. Satyanarayana, Forest Range Officer, Wild Life Management, Kakinada 
Mr. Ch. V. Ramana, Forest Beat Officer, Coringa 
 
NGOs   
 
Mr. Venkatesh Salagrama, Integrated Coastal Management, Kakinada 
Dr. T. Ravishankar, Associate Director, M.S. Swaminathan Research Foundation, Kakinada 
Mr. P. Raghuveer, SRAVANTHI Association, Tallarevu 
Mr. P. Kameswara Rao, SRAVANTHI Association, Tallarevu 
Mrs. Lakshmi, SRAVANTHI Association, Tallarevu 
 
Fishermen/Fisherwomen/Shrimp Farmers Associations 
 
Mr. B. Ranga Rao, President, District Fishermen’s Cooperative Society, East Godavari, 
Kakinada 
Mr. Katadi Janakiram, Marine Operator/Boat owner, Kakinada 
Mr. G. Brahmeswara Rao, Secretary, Shrimp Hatcheries Association, Kakinada 
Mr. M.V.V. Subba Rao, President, All India Shrimp Hatcheries Association, Kakinada 
Chapter. 
Mr. O. Kanakayya, Swarnandhra Mechanised Fishing Trawlers Association, Kakinada 
Mr. Ch.Venkatesh, Secretary, Swarnandhra Mechanised Fishing Trawlers Association, 
Kakinada 
Mr. K. Nooka Raju, Boat Owner, & Director, Swarnandhra Mechanised Fishing Trawlers 
Association, Kakinada 
Mr. Ch. Satyam, District Fiber Boat Owners Association, East Godavari district, Jallaipetta, 
Kakinada 
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Mrs. Sangani Manikyam, Women Fisheries Cooperative Society, Yetimoga, Kakinada 
Mrs. Ch. Pulasamma, Women Fisheries Cooperative Society, Yetimoga, Kakinada  
Mrs. K. Anjamma, Women Fisheries Cooperative Society, Palopet, Kakinada 
Mrs. K. Polamma, Women Fisheries Cooperative Society, Palopet, Kakinada 
 
21st July 2003 
 
Fishery Survey of India, Visakhapatnam  
 
Dr. K. Gopalakrishnan, Zonal Director, FSI & Vice-President FOFP, Vizag  
Dr. L. Ramalingam, Sr. Fishery Scientist, FSI, Vizag 
Mr. Shyama Suner, FSI, Vizag 
Mr. P.K. Bhar, FSI, Vizag 
Mr. N. Jagannadh, FSI, Vizag 
Mr. Ansuman Das, Senior Scientific Assistant, FSI, Vizag 
Mr. A. Udaya Kumar, FSI, Vizag 
 
Other Central Institutes 
 
Dr. D. Imam Khasim, Principal Scientist, CIFT Research Centre, Vizag 
Mr. A.C. Kuttappan, CIFNET Unit, Vizag 
Mr. M. Neelakandan, Instructor, CIFNET, Vizag. 
 
State Fisheries Department 
 
Mr. R. Purushotham, Dy. Director of Fisheries, Vizag 
Mr. K. Adinarayana Murthy, Asst. Director of Fisheries, Coast, Fishing Harbour, Vizag 
Mr. G. Adi Lingam, Fisheries Development Officer, Vizag 
 
NGOs/Professionals/Retd. Scientists/Academics/Others 
 
Dr. K. R. Prasad, President, Confederation of Fisheries & Aquaculture Industry Welfare 
Organisation & Forum of Fisheries Professionals of India (FOFP), Vizag 
Mr. J.V.H. Dixitulu, Editor, Fishing Chimes, Visakhapatnam 
Mr. O. Vidya Sagar, Secretary, Rural Energy for Environment Development Society, 
Yellamanchili, Vizag district. 
Mr. Arjilli Dasu, Secretary, District Fishermen’s Welfare Association, Pedagantyada 
Mr. G.P. Kumar, CEAD, Godicherla, Vizag district 
Mr. B. Ramu, Secretary, Grama Swarajya Samithi, Payakaraopeta, Guntapalli, Vizag dist. 
Mr. P. Viswanadh, VIKASA, Bheemunipatnam, Vizag  
Dr. G. Subba Rao, Sree Vasuda Labs, Avanthi Aqua Marine, Vizag 
Dr. (Ms). K. Sujatha, Professor, Department of Marine Living Resources 
Ms. V.A. Iswarya Deepti, Project Fellow, Department of Marine Sciences, Andhra 
University, Vizag 
Dr. K. Satyanarayana Rao, Former Principal Scientist, CMFRI, Vizag 
Dr. D.E. Babu, Professor, Department of Zoology, Andhra University, Waltair 
Mr. Sateesh Nanduri, Research Scholar, Marine Biology Lab, Department of Zoology, 
Andhra University, Vizag 
Mr. M. Jaikumar, Research Scholar, Marine Biology Lab, Dept. of Zoology, Andhra 
University, Vizag  
Capt. N. Venkateswarlu, Deep Sea Technocrat, Vizag  
Mr. P. Pavan, Chief Reporter, Deccan Chronicle, Vizag 
Mr. K. R. Sekharamantri, Bureau Chief, Associated News Agency, Vizag 
Mr. G. Dhanaraju, Secretary, Coromandal Fishermen and Fishery Welfare Association, Vizag 
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Mr. Bade Rama Rao, Vice-Chairman, Visakhapatnam District Fisheries Cooperative Society 
Ltd., Vizag 
Mr. T. Parasayya, Fisherman, Vizag 
Mr. P. Laxmayya, Fisherman, Vizag 
Mr. K. Chinna Rao, Fisherman, Vizag 
Mr. K. Satyaraju (Senior), Fisherman, Vizag 
Mr. N. Veeranna, Fisherman, Vizag 
Mr. K. Ramu, Fisherman, Vizag 
Mr. N. Ram Babu, Fisherman, Vizag 
Mr. N. Muthuraju, Fisherman, Vizag 
Mr. K. Satyaraju (Junior), Vizag 
Mr. Nollu Sathiyya,  Jabbarthota Fishermen Leader, Matsyakula Samkshema Sangam, 
Kothejalaripeta, Vizag 
Mrs. K. Peddaachiyyamma, President, Kondapalem Women’s Welfare Association, 
Kondpalem, Vizag 
Mrs. S. Akkamma, President, Kaddapalem Women’s Welfare Association, Kaddapalem 
Mrs. K. Nookamma, President, Jallaripeta Women’s Welfare Association, Jallaripeta 
 
23rd July 2003 
 
At Chennai 
 
Dr. S. Balaji, Director, Department of Environment, Government of Tamil Nadu, Chennai 
Dr. Sukhdev, Chief Wild Life Warden, Government of Tamil Nadu, Chennai 
Dr. M. Sakthivel, President, Aquaculture Foundation of India, Chennai 
 
25th July 2003 
 
Dr. S. Ramachandran, Director, Institute of Ocean Management, Anna University, Chennai.  
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Annexure - 2 

 
LIST OF PERSONS WHO COULD NOT BE MET FOR WANT OF TIME AND 

WHO COULD BE CONSULTED AT A LATER STAGE 
 

Government of India, Ministry of Agriculture, New Delhi 
 
1. Mrs. Binoo Sen, Secretary, Animal Husbandry and Dairying, New Delhi. 
2. Dr S. Ayyappan, Deputy Director General (Fisheries), ICAR, Pusa, New Delhi. 
3. Dr A D. Diwan, Assistant Director General (Fisheries), ICAR, Pusa, New Delhi. 
 
Government of India, Ministry of Environment & Forests, New Delhi 
 
1. Mr. Asheem Srivastav, Deputy Inspector General (Wild Life), New Delhi. 
 
Other Government institutions outside Delhi 
 
1. Dr. Mohan Joseph Modayil, Director, Central Marine Fisheries Research Institute, 

Kochi. 
2. Mr. V. Ravindranathan, Director, Centre for Marine Living Resources and Ecology, 

DOD, Kochi. 
3. Dr K. Radhakrishnan, Director, Indian National Centre for Ocean Information 

Services, Hyderabad. 
 
NGOs and others 
 
1. Dr V. Selvam, Project Director, M. S. Swaminathan Research Foundation, Chennai. 
2. Mr. Niranjan Khatri, General Manager, Welcome Environment Initiative, ITC Hotels, 

New Delhi. 
3. Mr. Sonak Sangeeta, Tata Energy Research Institute, Goa. 
4. Mr. Bijay Kumar Nanda, Executive Director, Sandhan Foundation, Orissa. 
5. Mr. K. M. Khan, Member of Parliament President, Global India, New Delhi. 
6. Dr P. J. Sanjeevaraj, (Retd.) Professor and Head of the Department, Zoology, Madras 

Christian College, Anna Nagar, Chennai. 
7. Mr. Sebastian Mathew, International Collective for Fish Workers, Chennai. 
8. Dr T. J. Pandian, National Professor, Madurai Kamaraj University, Madurai. 
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Annexure - 3 
 

LIST OF INSTITUTIONS VISITED 
 

1. CAS in Marine Biology, Annamalai University, Parangipettai, Tamil Nadu. 
2. Office of the Assistant Director of Fisheries, Cuddalore. 
3. Department of Fisheries, Govt. of Pondicherry. 
4. Directorate of Fisheries, Chennai. 
5. School of Marine Sciences, Madurai Kamaraj University, Madurai, Tamil Nadu. 
6. Central Marine Fisheries Research Institute, Research Station, Mandapam. 
7. Central Salt and Marine Chemicals Research Institute, Marine Research Station, 

Mandapam. 
8. Zoological Survey of India, Marine Biological Station, Chennai. 
9. National Institute of Oceanography, Regional Centre, Kochi. 
10. Central Marine Fisheries Research Institute, Kochi. 
11. Integrated Fisheries Project, Kochi. 
12. Central Institute of Fisheries Nautical Engineering and Training, Kochi. 
13. Marine Products Export Development Authority, Kochi. 
14. Centre for Marine Living Resources and Ecology, Kochi. 
15. Directorate of Fisheries, Government of Andhra Pradesh, Hyderabad. 
16. Indian National Centre for Ocean Information Services, DOD, Hyderabad. 
17. Ministry of Agriculture, Department of Animal Husbandry and Dairying (Fisheries 

Division), New Delhi. 
18. Ministry of Environment and Forests, New Delhi. 
19. Planning Commission, New Delhi. 
20. Coast Guard, New Delhi. 
21. Department of Ocean Development, New Delhi. 
22. West Bengal Fisheries Department, Kolkata. 
23. Department of Fisheries, Government of Orissa, Cuttack/Bhubaneswar. 
24. Department of Marine Sciences, Berhampur University, Orissa. 
25. Fisheries College, Orissa. 
26. Orissa Institute of Agricultural and Technology, Berhampur. 
27. Orissa Shrimp Seed Production, Supply and Research Centre, MPEDA, Gopalpuri 

Ansi, Ganjam Dist. 
28. State Institute of Fisheries technology, Kakinada, Andhra Pradesh. 
29. Department of Zoology, Andhra University, Visakpahatnam. 
30. Fishery Survey of India, Zonal Office, Visakhapatnam. 
31. Department of Environment, Govt. of Tamil Nadu, Chennai. 
32. Department of Forests (Wild Life), Govt. of Tamil Nadu, Chennai. 
33. Aquaculture Foundation of India, Chennai. 
34. Institute for Ocean Management, Anna University, Chennai. 

 
 


