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The coastal waters of Andhra Pradesh hold immense potential for mariculture,
particularly in the integrated farming of sea cages, seaweed, and bivalves. The
pioneering efforts of ICAR-CMFRI, which introduced bivalve mariculture in the 1970s
and scaled it during the 1990s in Kerala, have demonstrated the feasibility and socio-
economic value of these practices. Encouraging trials along the Andhra Pradesh coast
have now opened new avenues for adoption, creating opportunities for sustainable
livelihoods and ecological recovery.

Bivalves, being natural filter feeders, contribute to ecosystem restoration by
enhancing water quality while reducing culture inputs, making them an eco-friendly
aquaculture option. When combined with seaweed culture and cage farming of finfish,
integrated models not only improve resource efficiency but also support the hatchery
operations in terms of catering to the nutritional requirements of the broodstock,
strengthen larval cycles in hatcheries, and aid in the replenishment of wild stocks.
This approach exemplifies the principles of Integrated Multi-Trophic Aquaculture
(IMTA), which aims to multiply production and income through increased resource
use efficiency by linking trophic levels of co-cultured species to improve nutrient usage
and environmental mitigation. The IMTA system reduces ecological impacts near
aquaculture operations while providing additional useful products, making it more
acceptable to regulators, consumers, and the general public. Such synergies contribute
to a more resilient fishery sector with far-reaching ecological and economic benefits.

Of particular significance is the role of this integrated approach in uplifting
marginal aqua farmers and fisherwomen. Women's Self-Help Groups, which have
already proven successful in mussel farming in Kerala, can replicate similar models in
Andhra Pradesh. The low capital requirement, assured market demand, and ability to
engage women and small-scale fishers in value addition make this a livelihood-friendly
intervention with considerable promise.

The recent thrust of ICAR-CMFRI on seaweed raft culture and its integration
with marine cage farming and bivalve culture marks a milestone in diversifying
mariculture practices in Andhra Pradesh. This training material, therefore, comes at
an opportune time to promote sustainable practices that balance livelihood security,
ecological health, and economic growth in the state's coastal regions.

.- - _
Visakhapatnam Dr. Joe K. Kizhakudan
Head of Visakhapatnam Regional Centre
September 2025 [CAR-CMERI
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Edible Oyster Farming in
Andhra Pradesh

Jasmin F., Manas H. M., Pralay Ranjan Behera, Pattnaik P., Gouri Sankara Rao
K., Basker Rao P.

Edible oysters, primarily the species Crassostrea madrasensis, are among the most economically
valuable and nutritionally rich bivalves cultured across the world. Traditionally, oysters have
been regarded as a delicacy in countries such as Japan, France, and the USA due to their distinctive
flavour and health benefits. In India, though the demand is still developing, states like Kerala
and Tamil Nadu have made significant strides in oyster farming. The east coast of India,
particularly Andhra Pradesh, stands out with its extensive estuarine and brackish water
ecosystems - such as the Godavari delta, Coringa Wildlife Sanctuary and Kakinada backwaters
- that offer ecologically favourable conditions for oyster cultivation. These areas offer ideal salinity
ranges, calm waters, and nutrient-rich environment that support oyster seed settlement and
growth.

Biology and Reproductive Cycle

Knowing the life cycle of C. madrasensis is important for successful farming. These oysters can
change the shape of their shells depending on where they live —smooth and long shells in soft
mud, and rough or wrinkled shells on hard or crowded places. Most oysters of this type are
either male or female, but sometimes both sexes are seen in the same one. They do not fertilize
inside the body; instead, eggs and sperm meet in the water. When the sea has the right salt level,
good temperature, and enough food, one grown female oyster can release 10 to 15 million eggs
in a single season. In Andhra Pradesh, they usually breed after the monsoon, when water becomes
steady and young oysters can easily settle.

Site Selection

The success of oyster farming is largely dependent on proper site selection. Optimal locations
are estuarine or coastal regions with moderate salinity (10-38 ppt), temperature ranging from
23-34°C, and minimal wave turbulence. The depth should ideally be between 1.5 to 4 meters,
with gentle current (1-5 m/s) to bring in planktonic food. Andhra Pradesh offers several live
locations such as Yanam, Uppada, and sections of the Godavari delta-where the natural
topography provides calm and low pollution waters. Furthermore, the presence of mangroves
in Coringa and nearby estuaries enhances plankton productivity, benefiting filter-feeding oysters.

ICAR-Central Marine Fisheries Research Institute Visakhapatnam_
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Seed Collection and Cultch Preparation

Sustainable oyster farming begins with the collection of quality seed or spat, which is naturally
available in estuarine waters and can be collected using cultch-based methods. Cultch typically
refers to cleaned, empty oyster shells strung on ropes (called “rens”) and suspended in water
during the spawning season. These shells act as suitable surfaces for larvae to attach and
metamorphose into spat. In Andhra Pradesh, cultch lines should ideally be deployed 7-10 days
after peak spawning, which can be identified through gonad examination or plankton monitoring.
The collected spat is then redistributed onto rens at optimal spacing (around 5 shells per meter)
to ensure healthy growth.

Rens prepared for edible oyster spat collection

Farming Techniques

Oyster farming can be practiced using various methods depending on the site conditions and
infrastructure availability. The Rack and Ren method is widely preferred in estuarine areas and
involves suspending shell strings from racks constructed with bamboo or casuarina poles. This
method is particularly suitable for the intertidal regions of Andhra Pradesh, such as
Bheemunipatnam and Bhairavapalem. The Tray method, which utilizes mesh trays for growing
spat, enables better growth but is costlier. The Stake culture method employs vertical poles
embedded in shallow waters, with spat-bearing shells tied to them. While On-bottom culture
involves direct placement on the seabed, it is less suitable for silt or soft-bottomed areas prevalent
in some parts of the AP coast.

Farm Management

Efficient farm management is essential for maximizing yield and profitability. Regular inspection
of farm structures is necessary to ensure that the rens are suspended properly and not touching
the bottom, which can cause mortality. Predators such as crabs, fish, starfish, and polychaetes

_ ICAR-Central Marine Fisheries Research Institute Visakhapatnam
|




ﬁ INTEGRATING MUSSEL FARMING WITH SEA CAGE AND SEA WEED
I % 5 s 3 3T

pose a serious threat to young oysters, while fouling organisms like barnacles can compete for

food and increase structural load. In Andhra Pradesh, farmers must also be vigilant about seasonal
freshwater influx during monsoons, which may reduce salinity and affect survival rates.

Harvesting and Post-Harvest Handling

Oysters are harvested when they reach peak condition — typically &
just before spawning —as indicated by a high condition index :
(>140). In Andhra Pradesh, this typically aligns with late summer 8
and early monsoon months. Oysters are manually collected and
undergo a depuration process where they are held in filtered [
seawater for 24 hours to eliminate pathogens and sediments. Post-
harvest handling includes steaming or shucking, and oysters can
be processed into frozen, canned, or smoked products, adding value

and improving marketability. |

Economics of Farming

The economics of oyster farming in Andhra Pradesh are promising. A standard 5x5 m Rack and
Ren unit involves an investment of approximately 42,000, covering both fixed and operational
costs. With an estimated average yield of 3000 shell on oysters or around 105 kg of shucked
meat, and market rates of 20 per oyster or 500 per kg of meat, farmers can earn net profits ranging
between 6,000~ 12,000 per cycle. Given a culture duration of 6-8 months, it is feasible to complete
two cycles annually, subject to efficient management.

Ecological and Market Considerations in Andhra Pradesh

The coastal ecology of Andhra Pradesh, with its sheltered estuaries, mangrove-fringed backwaters,
and moderate climatic conditions, presents an excellent opportunity for sustainable oyster
farming. As consumer awareness grows and demand for nutritious seafood increases, oyster
farming can be integrated with existing aquaculture systems like fish cages or seaweed farming
under Integrated Multi-Trophic Aquaculture (IMTA). Although the local market in Andhra
Pradesh is still evolving, the produce can be marketed to seafood hubs in Tamil Nadu, Kerala,
Karnataka, and export via ports such as Chennai or Visakhapatnam.
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Green Mussel Farming in
Andhra Pradesh

Jasmin F., Indira Divipala, Muktha M., Satish Kumar M., Murali Kiran D., Suresh Kumar P.,
Venkateswarulu V., Prasad Babu Y.

An overview

Green mussels (Perna viridis) and brown mussels (P. indica) are highly productive filter-feeding
bivalves that are well-suited for marine and estuarine aquaculture. Mussel farming has gained
significant traction in Kerala, and similar potential exists along Andhra Pradesh’s coast due to its
rich estuarine systems, phytoplankton abundance, and calm coastal waters. Mussels are not only
high in protein but also rich in omega-3 fatty acids, minerals, and essential vitamins. With proper
training, infrastructure, and market support, mussel farming can provide livelihood diversification
for fisherfolk and coastal communities in the state.

Green Mussel (Perna viridis) Brown Mussel (Perna indica)

Green mussel (Perna viridis), a fast-growing and highly nutritious bivalve, is increasingly
gaining attention as a promising candidate for coastal aquaculture in India. Along the Andhra
Pradesh coast, where a unique blend of ecological richness and traditional fishing practices coexist,
mussel farming holds vast potential for enhancing seafood production and improving coastal
livelihoods. The state’s extensive shoreline, nutrient-rich waters, and estuarine environments
provide an ideal natural setting for mussel growth, while the growing consumer demand for
affordable, protein-rich seafood creates strong market opportunities. By combining ecological
suitability with socio-economic benefits, green mussel farming has the scope to emerge as a
sustainable livelihood option for coastal communities in Andhra Pradesh.
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Favourable factors:
Long Coastline

Andhra Pradesh is blessed with a coastline of approximately 1054 kilometers (Andhra Pradesh
Maritime Policy, 2024), making it the second-longest coastline among Indian states. This extensive
coastal stretch spans from Srikakulam in the north to Nellore in the south and encompasses a
variety of estuarine, brackishwater, and marine ecosystems. Such a long coastal area provides
abundant space and opportunity for promoting nearshore and offshore shellfish farming,
particularly green mussel (Perna viridis), which thrives in shallow coastal waters. The diverse
hydrography along this coastline allows site selection tailored to local environmental conditions,
supporting both small-scale artisanal operations and large-scale commercial aquaculture ventures.

Biology and Reproduction

Mussels are fast-growing, with juveniles reaching market size of 80-90 mm in just 5-6 months.
Growth depends on food availability, water quality, and space. Mature mussels are unisexual
and easily distinguished by color — orange-red for females and creamy yellow for males. Spawning
is prolonged from January to September, with peak activity during the pre-monsoon and monsoon
months. Fertilization is external, and larvae settle as spat within 15-35 days. In Andhra Pradesh,
areas like Kakinada and Krishna estuary offer ideal conditions for spat settlement, especially
during late summer.

Perna viridis Perna viridis (female and male)

Site Selection

Site selection is a key determinant of success in mussel farming. Estuarine zones with depths
under 4 meters and minimal wave action are ideal for rack culture, while open sea locations with
depths over 5 meters are suitable for raft or long-line farming. The salinity should remain between
27-35 ppt and water temperature between 26-32°C. High primary productivity, seen as
chlorophyll concentration (17-40 ug/1), is necessary for mussel growth. In Andhra Pradesh,
regions such as Bheemunipatnam, Uppada, and Kakinada backwaters have shown promising

characteristics for large-scale mussel farming.
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Suitable Water Conditions

The water quality along much of the Andhra Pradesh coast is naturally favourable for mussel
culture. Salinity levels typically range from 27 to 35 parts per thousand (ppt), which is optimal
for the growth and survival of green mussels. These bivalves also require temperature conditions
between 26-32°C, which are commonly observed in the tropical marine waters of Andhra Pradesh
throughout the year. Additionally, coastal waters here are plankton-rich, especially near estuarine
outflows and upwelling zones, providing ample natural food for mussels, which are filter feeders.
These environmental parameters collectively contribute to rapid growth rates, higher survival,
and improved meat yield in cultured mussels.

Ideal Locations

Field surveys and initial culture trials conducted have identified the Visakhapatnam coast,
Kakinada Bay, Uppada, Bheemunipatnam, and Pudimadaka as promising locations for green
mussel farming. These areas are characterized by moderate wave action, good water quality,
and, in some cases, naturally occurring rocky or hard-bottomed substrates that facilitate the
settlement of spat. Where natural substrates are absent, the areas are suitable for the deployment
of suspended rope or raft culture systems. These zones are also easily accessible by local fisherfolk,
and many are located close to fishing villages or landing centres, which helps in post-harvest
handling and transport.

Farming Techniques
Several farming methods can be adopted based on site conditions:

» Rack Culture: Best suited for estuarine regions; bamboo or casuarina poles form the frame,
and seeded ropes are suspended vertically.

» Raft Culture: Effective in calm sea conditions; rafts supported by drums float on the
surface, with ropes hanging vertically.

ICAR-Central Marine Fisheries Research Institute Visakhapatnam
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» Long-Line Method: Ideal for exposed sea areas; horizontal mainlines support multiple
seeded ropes.

» Horizontal Culture: Ropes tied horizontally across vertical poles; commonly used in
shallow estuaries.

» Bouchot (Stake) Culture: Mussel seed attached to vertical poles; proven effective in shallow
estuarine waters like Bheemunipattanam.

Seeding and Grow-Out

Seeds are collected from healthy, pollutant-free
subtidal zones. After cleaning and size grading (15-
25 mm), seeds are wrapped around ropes using
cotton netting or cloth. Within 2-3 days, mussels
attach themselves to the rope using byssus threads.
The seeded ropes are suspended such that the upper
portions remain submerged even during low tide to
prevent desiccation. Regular thinning is essential to
avoid overcrowding, which leads to poor growth and

slipping of mussels from the rope.
Farm Management

Proper maintenance of farm structures is vital for
consistent yields. This includes checking for rope
integrity, anchor security, and raft stability. Fouling
organisms like barnacles and polychaetes must be
removed periodically, as they compete with mussels
for food and space. Mussel growth is faster in the
upper water column due to higher plankton
concentration. In Andhra Pradesh, extreme care is
necessary during the monsoon to prevent losses due
to salinity drops and increased siltation.

Harvest and Processing

Harvesting should be done just before the spawning [°
season, typically April to June, when the meat content
(condition index) is highest. Mussels are removed
from ropes, cleaned using jet spray, and depurated
in filtered seawater for 24 hours. After depuration, |
mussels can be sold live, shucked for fresh or steamed
meat, or processed further into ready-to-eat products. |

Blanching in 5% salt solution for 5 minutes improves
meat texture and shelf life.
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Value Addition and Market Opportunities

Mussel meat is used in numerous value-added products
such as frozen packs, seafood cocktails, vacuum-packed
fried mussels, and condiments. In Andhra Pradesh,
though the domestic demand is limited, there is strong
market potential in neighbouring states and via exports
through Chennai and Visakhapatnam ports. With
growing awareness about health foods and sustainable
protein sources, mussel products are in increasing __
demand in the UAE, Japan, Singapore, and Australia. N

Marketing and Supply Chain

Green mussels are in increasing demand in domestic as well as export markets due to their
nutritional profile, which includes high protein content, essential minerals like zinc and iron,
and omega-3 fatty acids. They are also considered a delicacy in many coastal cuisines.

While the domestic market for green mussels in Andhra Pradesh is currently limited, the
awareness about the nutritional value of these resources may increase domestic demand. There
is a strong and growing demand from neighbouring states such as Kerala, Karnataka, Goa,
Maharashtra, and Tamil Nadu, where mussels are widely consumed both in households and the
hospitality sector. These states have an established culture of mussel consumption, and buyers
from these regions frequently source mussels from other coastal states due to local shortages. In
addition, there is significant export potential for green mussels, especially to Southeast Asian
countries like Thailand, Malaysia, and Singapore, as well as to the Middle East, where Indian-
origin seafood is in high demand. The Chennai port serves as a major gateway for exporting
processed and frozen mussel products. With proper handling, cold chain infrastructure, and
value addition (like meat extraction and IQF packing), mussel farming in Andhra Pradesh can
be effectively linked to lucrative regional and international markets, thereby enhancing income
and sustainability for coastal farmers.

Besides the edible part, green mussel shells also have market value. The cottage industry based
on shells uses cleaned and polished mussel shells to create decorative and craft items such as
mirrors, photo frames, jewelry boxes, earrings, bangles, and other ornaments. This offers an
extra source of income and job opportunities, especially for women artisans and coastal self-help
groups involved in shell craft. Therefore, green mussel farming not only supports the food industry
but also boosts rural artisan sectors and waste-to-wealth circular economy initiatives, improving
overall sustainability and socio-economic benefits.
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Model Ornament
(Source: Pattnaik P., ICAR-CMFRI) Ornaments

Livelihood Opportunity & Sustainability

Mussel farming offers a reliable and sustainable livelihood option for coastal communities,
especially women and marginalized fishers. The low initial investment, short culture duration
of 4-6 months, and minimal maintenance make it an attractive alternative to capture fisheries,
which are increasingly uncertain due to overfishing and climate change. Mussel farming can be
integrated with other livelihood activities and does not require land ownership. Moreover, mussels
contribute to improving water quality by filtering excess nutrients and plankton, making them
environmentally beneficial. When adopted in clusters, this activity can promote community-
based aquaculture models, leading to economic empowerment and improved nutrition security.

Economics of Mussel Farming

A typical 5 x 5 m rack setup with 100 seeded ropes can yield about 800 kg of live mussels or 200
kg of shucked meat in 5-6 months. Total input cost ranges between 46,000- 50,000 depending on
processing, with expected gross returns of 80,000. The net profit per cycle ranges from 29,000 to
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34,000. With low investment and quick returns, mussel farming is a promising option for small-

scale coastal farmers and SHGs.

Challenges to Address:
Site-specific Suitability

Although the Andhra Pradesh coastline has immense potential, not all sites are uniformly suitable
for mussel farming. Certain locations may be affected by strong wave action, seasonal
sedimentation, pollution from urban or industrial discharge, or shipping traffic, which can hinder
farming success. Site selection must be guided by scientific assessment of environmental
parameters such as salinity, water current velocity, turbidity, and depth. It is essential to conduct
pilot-scale trials before full-scale deployment of farms to avoid crop loss and ensure sustainability.

Seed Availability

One of the key bottlenecks in mussel farming is the availability of quality seed (spat). Currently,
most mussel farms in India rely on wild spat collection during the natural spawning season,
which is not always predictable or uniformly abundant. To overcome this, there is a pressing
need for hatchery-based seed production technologies and standardized spat collection devices
such as spat collectors and artificial substrates. Establishing mussel hatcheries or ensuring regular
spat fall monitoring along the Andhra Pradesh coast can help in ensuring year-round seed supply
and consistent farming activity.

Training and Awareness

Despite the proven success of mussel farming in other parts of India like Kerala, awareness
levels among Andhra Pradesh fishers remain low. Many are unfamiliar with bivalve aquaculture
techniques or hesitant to try new methods due to risk perception and lack of exposure. There is
aneed for capacity building programs, on-farm demonstrations, and exposure visits to successful

ICAR-Central Marine Fisheries Research Institute Visakhapatnam_
]




INTEGRATING MUSSEL FARMING WITH SEA CAGE AND SEA WEED \&%
]

mussel farming sites. Training programs must also include post-harvest handling, value addition,
hygiene, and basic bookkeeping to make the initiative economically viable and sustainable.

Regulatory Clearances

Green mussel farming in coastal waters may require clearances from Coastal Zone Management
Authorities (CZMA) or Fisheries Departments, especially when implemented at commercial scale.
Farmers often face bureaucratic delays and are unaware of the legal formalities involved. There
is a need to streamline the regulatory process and provide guidance through one-stop service
centres or community extension workers. Inclusion of mussel farming under central schemes
like PMMSY (Pradhan Mantri Matsya Sampada Yojana) can help by offering subsidies, insurance,
and access to institutional credit.

Technology Availability

The Central Marine Fisheries Research Institute (CMFRI) has played a pivotal role in developing
and promoting mussel farming technology in India. Techniques such as rope culture, raft culture,
and spat collection methods have been scientifically developed and successfully demonstrated
at field level. The technology is cost-effective, simple, and scalable, making it ideal for adoption
by traditional fisherfolk and women’s Self Help Groups (SHGs). In Andhra Pradesh, CMFRI's
Visakhapatnam Regional Centre has begun field trials and training programs to transfer this
knowledge to end users. The technology requires minimal infrastructure and no feed inputs,
making it economically attractive and environmentally sustainable.

Ecological Relevance in Andhra Pradesh

The east coast of Andhra Pradesh offers a favourable environment for sustainable mussel farming.
The nutrient-rich waters of the Godavari and Krishna estuaries, combined with calm backwaters
and minimal industrial pollution in selected zones, create an ideal ecosystem. Mussel farming
can be integrated with seaweed cultivation or cage fish farming under IMTA, enhancing
environmental benefits and economic efficiency. With institutional support and capacity building,
mussel farming can become a vital part of Andhra Pradesh’s blue economy strategy.
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Integrated Multi-Trophic
Aquaculture (IMTA) Technology
for Augmenting Production

Sekar Megarajan, Jayasree Loka, Ritesh Ranjan, Biji Xavier, Padmaja Rani S., Vamsi B.,
Suresh R. D., Damodara Rao, P., Harish S.

Aquaculture contributes to global food security, and fish and seafood play an important role in
healthy human diets, expansion and intensification of the sector are not without consequences
and is associated with several ecological concerns. Aquaculture relies on natural resources, like
water, energy, raw materials, and space, and expansion of the sector will inevitably put more
pressure on these resources. The increase of the aquaculture sector also contributes to the growing
demand for high-quality feed, as 50% of the global aquaculture production concerns fed species.
Ingredients traditionally used in aquafeeds, like fishmeal and fish oil, are unsustainable, as the
majority of global fishmeal and fish-oil production consists of food-grade fish, resulting in feed-
food competition. An increase in aquaculture production will also increase waste production,
with potentially detrimental effects on the environment due to the discharge of metabolic waste,
uneaten feed and feces. In land-based systems, water purification techniques can be used to
convert waste into less hazardous forms. This includes the conversion of ammonia into nitrate
and the capture and conversion of solid waste into a novel resource like a fertilizer. Nevertheless,
alarge fraction of these (valuable) waste nutrients nowadays end up in the environment, resulting
in adverse effects. This highlights the need for the development of sustainable aquaculture
approaches, which allow us to keep up with the growing demand for food and resources with
no or minimal adverse impacts on the environment. At this juncture, the concept of Integrated
Multi-Tropic Aquaculture addresses the issues of increasing food demand, followed by increasing
in waste production by the aquaculture practices.

Basics of IMTA

IMTA (Integrated Multi-Tropic Aquaculture) is a practice in which the by-products (wastes)
from one species are recycled to become inputs (fertilizers, food and energy) for another. Fed
aquaculture species (e.g. finfish/shrimps) are combined, in the appropriate proportions, with
organic extractive aquaculture species (e.g. suspension feeders/ deposit feeders/herbivorous fish)
and inorganic extractive aquaculture species (e.g. seaweeds), for a balanced ecosystem
management approach that takes into consideration site specificity, operational limits, and food
safety guidelines and regulations. The goals are to achieve environmental sustainability through
biomitigation, economic stability through product diversification and risk reduction, and social
acceptability through better management practices.
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IMTA refers to the more intensive cultivation of the different species in proximity of each other
(but not necessarily right at the same location), connected by nutrient and energy transfer through
water. Multi-trophic refers to the incorporation of species from different trophic or nutritional
levels in the same system. This is one potential distinction from the age-old practice of aquatic
polyculture, which could simply be the co-culture of different fish species from the same trophic
level. In this case, these organisms may all share the same biological and chemical processes,
with few synergistic benefits, which could potentially lead to significant shifts in the ecosystem.
Some traditional polyculture systems may, in fact, incorporate a greater diversity of species,
occupying several niches, as extensive cultures (low intensity, low management) within the same
culture system. The integration can be of freshwater recirculating aquaculture systems (RAS)
with horticulture (aquaponics) or Freshwater Integrated Multi-Trophic Aquaculture (FIMTA)
or for marine systems the term integrated mariculture has been used or IMTA, which can refer to
land-based systems or systems at sea. Even though diverse names have been proposed, all rely
on the same concept: the recycling of waste nutrients by combing different species, with the
overall aim to transform linear monocultures into more circular farming systems, producing
additional valuable crops that benefit from the waste nutrients. Some IMTA systems have included
such combinations as shellfish/ shrimp, fish/seaweed/shellfish, fish/shrimp and seaweed/
shrimp. Finally, a working IMTA system should result in greater production for the overall
system, based on mutual benefits to the co-cultured species and improved ecosystem health,
even if the individual production of some of the species is lower compared to what could be
reached in monoculture practices over a short-term period.

Conceptual IMTA

It was chosen to focus on fish as fed species, but it should be noted that invertebrates, like shrimp
is also a major group of fed species. To estimate retention efficiencies, we first qualify and quantify
fish waste. Nutrient retention by the fed species is influenced by species, feeding level and
management, diet composition, temperature and fish size. Retention efficiencies reported for
marine fish species range between 13-43% for N, 18-36% for P and 14-38% for C. Fed nutrients
that are not retained by the fed species become input for the extractive species. Three groups of
extractive species are recommended, each taking up a different fraction of the waste released by
the fed fish: (1) an autotrophic species, which takes up inorganic nutrients; (2) a filter-feeder,
which consumes particulate organic matter (POM) suspended in the water column; and (3) a
deposit-feeder, which scavenges on POM that settles on the bottom (Soto 2009).
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Fig.1: Schematic of an integrated multi-trophic aquaculture (IMTA)
(Source: Maeve Edwards, 2014)
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The bioremediation potential of IMTA is determined by the amount of waste nutrients retained and
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subsequently harvested in extractive species biomass. Non-retained nutrients by fed cultures
can be categorized in inorganic and organic nutrients. The latter is subdivided into large organic
particles that sink, and smaller organic particles that remain in the water column (Wang et al.
2013). Based on these waste flows three types of extractive species can be defined, each serving a
different niche in the food web: (i) autotrophs that take up inorganic nutrients, (ii) filter feeders
that consume organic particles suspended in the water column and (iii) deposit feeders that feed
on organic particles that settle on the bottom.

Species selection for IMTA

When establishing the species to use in an IMTA system, one must carefully consider the suitability
of the species in a particular habitat/culture unit. In order to ensure successful growth and
economic value,

» Use local species that are well within their normal geographic range and for which
technology is available. This will help to prevent the risk of invasive species causing
harm to the local environment, and potentially harming other economic activities. These
species have also evolved to be well adapted to the local conditions.
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» Use species that will complement each other on different trophic levels. For example

species must be able to feed on the other species waste in order for the newly integrated
species to improve the quality of the water and grow efficiently. Not all species can be
grown together efficiently. Particulate organic matter and dissolved inorganic nutrients
should be both considered, as well as the size range of particles.

» Use species that are capable of growing to a significant biomass. This feature is important
if the organisms are to act as a biofilter that captures many of the excess nutrients and
that can be harvested from the water. The other alternative is to have a species with a
very high value, in which case lesser volumes can be grown. However, with the latter, the
biomitigating role is reduced.

» Use species that have an established or perceived market value. Farmers must be able to
sell the alternative species in order to increase their economic input. Therefore, they should
establish buyers in markets before investing too heavily.

» Use species for which regulators and policy makers will facilitate the exploration of new
markets, not impose new regulatory impediments to commercialization.

» Contribution to improved environmental performance.
»  Compatibility with a variety of social and political issues.

Species/genera commonly considered for IMTA

Seaweeds Laminaria, Saccharina, Sacchoriza, Undaria, Alaria, Ecklonia, Lessonia,
Durvillaea, Macrocystis, Gigartina, Sarcothalia, Chondracanthus, Callophyllis,
Gracilaria, Gracilariopsis, Porphyra, Chondrus, Palmaria, Asparagopsis and

Ulva

Molluscs Haliotis, Crassostrea, Pecten, Argopecten, Placopecten, Mytilus, Choromytilus
and Tapes

Echinoderms Strongylocentrotus, Paracentrotus, Psammechinus, Loxechinus, Cucumaria,
and Tapes

Fish Salmo, Oncorhynchus, Scophthalmus, Dicentrarchus, Gadus, Anoplopoma,

Hippoglossus, Melanogrammus, Paralichthys, Pseudopleuronectes and Mugil.

Crustaceans Penaeus and Homarus

Polychaetes Nereis, Arenicola, Glycera and Sabella
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Benefits of IMTA
The common benefits of IMTA includes

» The mitigation of effluents through the use of biofilters (e.g. ssaweeds and invertebrates),
which are suited to the ecological niche of the farm - Effluent biomitigation.

» Prevention or reduction of disease among farmed fish can be provided by certain seaweeds
due to their antibacterial activity against fish pathogenic bacteria, or by shellfish reducing
the virulence of ISAV - Disease control.

» Increased overall economic value of an operation from the commercial by-products that
are cultivated and sold - Increased profits through diversification.

» Potential for differentiation of the IMTA products through eco-labelling or organic
certification programmes - Increased profits through obtaining premium prices.

» Economic growth through employment (both direct and indirect) and product processing
and distribution - Improving local economy.

» Product diversification may offer financial protection and decrease economic risks when
price fluctuations occur, or if one of the crops is lost to disease or inclement weather. -
Form of ‘natural’ crop insurance.

Status of IMTA

The IMTA technology has been very well adopted in different countries for augmenting marine
finfish production, but the level of adoption varies in different ranges. Details of IMTA activity
in different countries are follows.

» Intemperate waters Canada, Chile, China, Ireland, South Africa, the United Kingdom of
Great\ Britain and Northern Ireland (mostly Scotland) and the United States of America
are the only countries to have IMTA systems near commercial scale.

» France, Portugal and Spain have ongoing research projects related to the development of
IMTA. The countries of Scandinavia, especially Norway, have made some individual
groundwork towards the development of IMTA, despite possessing a large finfish
aquaculture network.

» Studies have focused on the integration of seaweeds with marine fish culturing for the
past fifteen years in Canada, Japan, Chile, New Zealand, Scotland and the USA.

» The integration of mussels and oysters as bio-filters in fish farming has also been studied
in a number of countries, including Australia, USA, Canada, France, Chile, and Spain.

» IMTA in Asian countries including India has been performed with candidate marine fin

species with mussels and oysters.
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IMTA initiative in India by ICAR- CMFRI

IMTA activities initiated by ICAR -CMFRI in different places, where integration of seaweed
with marine finfish in sea cages, and mussel culture with marine finfish in sea cages. Seaweed
culture in raft (16 rafts of 12ft x 12ft size installed around a 6m dia. cage) has proven to double
the yield in one cycle (45 days) of seaweed farming (additional 176 kg per cycle/raft of 12ft x 12
ft size) with commensurate income enhancement. The technology is currently adopted by more
than 150 farmers in the Palk Bay region with the support of CMFRI.

Seaweeds such as Kappaphycus alvarezii, Gracilaria edulis, Gracilaria verrucosa and Gelidiella acerosa
are farmed under IMTA, in India. Trials on seaweed Kappaphycus with finfish cobia (Rachycentron
canadum) in floating cages in coastal Tamil Nadu resulted in increased production. Seaweed
rafts integrated with cobia cage had a better average yield of 320 kg per raft while the same was
144 kg per raft in control. The total amount of carbon sequestered into the cultivated seaweed
(Kappaphycus alvarezii) in the integrated and non-integrated rafts was estimated to be 357 kg and
161 kg respectively -an addition of 196 kg carbon credit. Trials on IMTA with bivalves and finfish
(seabass) in the inshore waters of Karnataka demonstrated reduced risk of crop failure through
diversification. Mortality loss of finfish (seabass) in the cages was compensated to a certain extent
by bivalve production. Gross revenue realized was 5.34 lakhs of which 30% was contributed by
mussel (1.6 lakhs). Seaweed, K.alvarezii integrated with Indian pompano cage in Visakhapatnam
showed higher seaweed production.

Seaweed rafts integrated with marine finfish culture in cages (Indian pompano and cobia)

(Source:Johnson et al., 2019, Sekar et al., 2020)

ICAR-Central Marine Fisheries Research Institute Visakhapatnam_
|




INTEGRATING MUSSEL FARMING WITH SEA CAGE AND SEA WEED \&“%
]

Steps to be taken to ensure the expansion of IMTA

» Establishing the economic and environmental value of IMTA systems and their co-products
- seaweeds and invertebrates can be very profitable cultured species, not only for their
services as effluent biomitigators, but also as differentiated premium cash crops
diversifying the aquaculture sector and reducing risks.

» Selecting species appropriate to the habitat and available technologies - native species
should be used, to avoid problems with invasive, and potentially harmful, species.

» Selecting species according to the environmental and oceanographic conditions of the
sites proposed for IMTA development, and also according to their complementary
ecosystem functions.

» Selecting species that are capable of growing to significant biomass to capture many of
the excess nutrients and remove them efficiently at harvesting time.

» Selecting species that have an established or perceived market value and for which the
commercialization will not generate impossible regulatory hurdles.

» Promoting effective government legislation/regulations and incentives to facilitate the
development of IMTA practices and the commercialization of IMTA products.

» Educating government/industry/academia and the general public about the benefits of
IMTA. This can be done by disseminating knowledge through diverse media supports
targeting diverse audiences.

Challenges
The following challenges are in front to effectively carry -out IMTA-related activities.

Higher investment - Integrated farming in the open sea requires a higher level of technological
and engineering sophistication and up-front investment.

Difficulty in coordination - If practicedusing different operators (e.g. independent fish farmers
and mussel farmers) working in concert, it would require close collaboration and coordination
of management and production activities.

Increase requirement of farming area - While aquaculture has the potential to release pressure
on fish resources and IMTA has specific potential benefits for the enterprises and the environment.
Fish farming competes with other users for the scarce coastal and marine habitats. Stakeholder
conflicts are common and range from concerns about pollution and impacts on wild fish
populations to site allocation and local priorities. The challenges for expanding IMTA practice
are therefore significant although it can offer a mitigation opportunity to those areas where
mariculture has a poor public image and competes for space with other activities.
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Difficulty in implementation without open water leasing policies- Few countries have national

aquaculture plans or well-developed integrated management of coastal zones. This means that
decisions on site selection, licensing and regulation are often ad hoc and highly subject to political
pressures and local priorities. Moreover, as congestion in the coastal zone increases, many
mariculture sites are threatened by urban and industrial pollution and accidental damage.

Sustainable future for Mariculture through IMTA

IMTA can be used as a valuable tool for the establishment of a more sustainable aquaculture
sector. IMTA systems can be environmentally responsible, profitable, and sources of employment
in coastal regions for any country that develops them properly, especially when government,
industry, academia, communities, and NGOs work in consultation with each other. It is highly
recommended that IMTA systems be utilized wherever possible, and ultimately replace
monoculture operations in regions where they can be developed. A successful IMTA operation
must integrate all stakeholders into its development plan. Government, industry, academia, the
general public and NGOs must work together. The role of IMTA in an integrated coastal zone
management plan must be clearly defined. Beyond selecting the appropriate species for growth
at a particular site, economics and social acceptability must also play a key role. Once these are
established, a focused R&D&C programme will ensure efficiency and long-term sustainability
for the aquaculture sector.
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Clam Fishery at Visakhapatnam,

Bheemili : A Case of
Livelihood and Sustainability

Indira Divipala, Jasmin F., Joe K. Kizhakudan, Raju S.S., Pattnaik P., Gouri Sankara Rao K.,
Punam A. K., Venkateswarulu V., Kalidasu P., Nookaraju S.

The coastal town of Bheemunipatnam (Bheemili), located north of Visakhapatnam, Andhra
Pradesh, supports a significant estuarine molluscan fishery. This fishery revolves around the
exploitation of clams and oysters in the Gosthani Estuary, especially near Moolakudhu, a hamlet
that has evolved into a hub for clam harvesting. Once known for its thriving blood clam (Anadara
rhombea) populations, the estuary now primarily supports Meretrix meretrix, with declining traces
of Anadara spp.

Evolution and Present Status of the Clam Fishery

Historically, the bivalve fishery in Bhimili emerged relatively recently. In the 1980s and 1990s,
clams were harvested only for local consumption. By the early 2000s, increased awareness of the
economic value of clam meat and shells (used in lime and fertilizer industries) triggered greater
exploitation. At its peak, clams and oysters were collected using small boats (locally known as

katlatheppa) with 3-4 people onboard, while women handpicked clams in inshore zones.

Oysters Blood clams

Today, the fishery is practiced seasonally, primarily from November to February (about 120
days), with around 40 women working daily during low tide for 6-7 hours. This results in a total
effort of ~28,800 man-hours per season. Clam beds extend over 3.5-4 acres, yielding a daily
harvest of 6 tons, packed in 100 gunny bags (60 kg each), culminating in 700-750 tons per season.
This transition from subsistence to semi-commercial scale has been accelerated over the past 4-
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5 years due to improved earnings (Rs. 600/day), luring fishers away from construction and
other wage labor.

Hand-picked clams packed in gunny bags, ready for transport

Species Composition and Fishery Trends

The dominant species currently harvested is Meretrix meretrix. Historical data (2003-2010) from
CMERI also identifies Meretrix casta and Anadara rhombea (a form of blood clam) as contributors
to the fishery, along with the edible oyster Crassostrea madrasensis.

al?m-,k M S - B

Crassostrea madrasensis harvest from the estuary

Between 2003 and 2010, total bivalve production in the Bhimili Estuary was 4.7 tons, with an
average annual production of 0.59 tons. The highest production occurred in 2005, after which
there was a marked 83% decline in 2007, largely due to cyclonic weather events, and pollution
from domestic sewage. A brief recovery in 2008 was followed by another drop in 2010, with total
effort falling from 14,839 units in 2003 to just 2,405 units in 2010.
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The Anadara (blood clam) fishery, once minor in volume but ecologically and culturally
significant, appears to have collapsed locally, as evident from dead shell remains and lack of
landings since the early 2010s.

Market Network and Utilization

The harvested clams, though claimed by fishers to be routed to Kerala, are reportedly distributed
through trade channels to Mangalore and Goa, indicating a multi-state commercial network.
Clam meat is also used by hatcheries in Bhimili, Srikakulam, and Kakinada, and is priced between
Rs. 80-150/kg, while shells sell at Rs. 6-8/kg. Notably, shells of Anadara rhombea once fetched
higher prices due to their ornamental value.

The growth of this fishery has brought significant economic benefits to coastal communities,
particularly women. However, it also emphasizes the importance of equitable marketing access
and better post-harvest handling (e.g., depuration, cold chain) to maximize income.

Sustainability and Emerging Concerns

The current high-intensity, unregulated harvesting poses a serious threat to the long-term
sustainability of the clam fishery in Bheemili. The local extinction of Anadara rhombea serves as a
stark warning of what unchecked exploitation can lead to. Over the years, the sharp decline in
both catches and effort has already driven many clam pickers to shift to alternative livelihoods
such as crab fishing, wage labor, or migration to urban centers.

At present, the 120-day seasonal harvest of Meretrix meretrix is predominantly market-driven,
with clams being collected on demand to fulfill trader orders. This practice, which has intensified
over the past decade (2014-2024), has significantly reduced clam yields in the estuary. A major
contributing factor is the indiscriminate and uncontrolled harvesting by hired collectors who
often overlook crucial sustainability measures such as size and quantity limits. This trend not
only threatens the ecological integrity of the estuarine clam beds but also jeopardizes the
livelihoods of traditional fishers who have long depended on this resource. Immediate attention
to regulated harvesting and community-based management is essential to safeguard both the
environment and the economic security of local communities.

Recommended Management Measures

Based on observed trends and CMFRI's experience in managing similar fisheries across India,
the following interventions are essential for Bheemili:

» Seasonal closures during spawning periods to enable stock regeneration.

» Rotational harvesting zones to avoid local overexploitation.

» Minimum size regulations to allow clams to breed at least once before being harvested.
» Hatchery-based reseeding or relaying of clam seed in depleted beds.
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» Water quality monitoring and pollution control, especially from domestic sewage.
» Community-led co-management frameworks, involving fishers and local governance
bodies.

Such approaches have proven successful in clam fisheries of Ashtamudi Lake (Kerala) and Kali
Estuary (Karnataka) under CMFRI's guidance.

The Bheemili clam fishery exemplifies both the potential and vulnerability of small-scale estuarine
fisheries. What began as a subsistence activity is now a female-led economic mainstay, supporting
many a families. However, ecological signals such as the disappearance of blood clams and
declining effort trends indicate the need for urgent and scientifically informed intervention.

By aligning traditional knowledge with modern fisheries management practices, and empowering
local communities through co-management, the Bheemili clam fishery can transition into a model
of sustainable, inclusive, and resilient coastal livelihoods.

Mariculture offers immense potential for seed production and ranching of blood clams and edible
clams, ensuring stock replenishment in estuarine habitats. Establishing hatchery-based seed
supply and reseeding programs can reduce dependence on wild harvests, while integrated culture
of these species diversifies production, enhances sustainability, and eases fishing pressure on

natural clam beds.
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Address of Fabricator for Mariculture

1. POORVI FABRICATIONS
D No: 50-80-22, Seethammapeta
Visakhapatnam - 530016

Email: poorvif@yahoo.com
Phone: 08912752926, 9849829264

2. DAS & KUMARS
C/o Yash Agarwal D.63/10,
Mahmoorganj, Varanasi-221010,
Uttar Pradesh, India
Phone: 08047662628

Bivalve Traders

1.  Shri. B. Ravi
Bheemunipatanam

Phone: 9848918585

2.  Shri. Satish K.
Bheemunipatanam

Phone: 8639679362

3.  Shri. Naveen B.
Bheemunipatanam

Phone: 7386757610

4.  Shri. Nookaraju
Kakinada
Phone: 9908909735
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