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Mariculture, the farming of marine organisms in coastal and offshore waters, is an
important component of sustainable aquaculture. Among mariculture practices, bivalve
farming is gaining importance because it provides nutritious, affordable and eco-friendly
animal protein. Bivalves such as mussels, oysters and clams are filter feeders and do not
require artificial feed, making their culture economical and environmentally sustainable.
They also support food security, coastal livelihoods, employment generation and water
quality improvement through natural filtration.

Mussels are among the most commercially important bivalves cultured worldwide.
Mussel farming has a history of more than 700 years, with early organized culture
practices reported from France during the thirteenth century. Since then, farming
methods have improved and expanded across temperate and tropical coastal regions.
Mussels are preferred for culture because of their fast growth, high reproductive capacity,
efficient use of natural food, good meat yield and strong consumer demand.

Distribution and Biology of Mussels

Globally, the European blue mussel (Mytilus edulis) is widely cultured in temperate
regions, while the green mussel (Perna viridis) is important in tropical countries. Major
mussel-producing countries include Spain, France, the Netherlands, Denmark, China,
the Republic of Korea and New Zealand. In India, mussel farming is still developing,
though the country has vast coastal resources suitable for expansion. The annual
cultured mussel production is about 20,000 tonnes. The two major species cultured in
India are the green mussel (Perna viridis) and the brown mussel (Perna indica). These
species are valued for fast growth, high meat yield, adaptability and good market
demand.

Mussel farming in India is mainly practiced along the southwest coast, especially in
Kerala and Karnataka, where environmental conditions are favourable. The Central
Marine Fisheries Research Institute (CMFRI) has played a major role in developing and
promoting low-cost, eco-friendly and farmer-friendly mussel farming technologies.
CMFRI has standardized rack, raft, longline and rope culture methods and promoted
them through training, demonstrations and extension programmes. These efforts have
improved farmer participation, household income and women’s involvement through
self-help groups.

Mussels are found along the Indian coastline and are known by local nhames such as
Kallumekai, Kadukka and Chippi. They naturally inhabit rocky shores, estuaries,
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backwaters and coastal waters where suitable substrates are available. They form dense
natural beds inintertidal and subtidal zones, which support capture fisheries and provide
seed for farming. Among Indian mussels, the green mussel is the most widely distributed
and commercially important. It attaches to rocks, wooden structures, mangrove roots
and other hard surfaces using strong byssal threads.

Kerala is one of the most productive regions for green mussels in India. Important mussel
beds occur at Neendakara, Chaliyam, Narakkal, Koduvally, Thikkodi, Port Kollam,
Chombala, Chellanam, Elathur, Moodadi, Mahe, Anchangadi, Ethai and Azhikkal. These
areas favour spat settlement, fast growth and high survival. Along the Karnataka coast,
important mussel beds occur at Gangoli, Malpe, Karwar, Someswara, Bhatkal, Byndur,
Uchila, Gokarna, Coondapur, Suratkal and Dhareshwar. Green mussels are also reported
from Goa, Maharashtra, Tamil Nadu, Andhra Pradesh and the Andaman and Nicobar
Islands, though in lower densities.

The green mussel is a suspension-feeding marine bivalve. It filters seawater through the
mantle cavity and traps food particles using cilia and mucus on the gills. Its diet includes
phytoplankton, microalgae, small zooplankton, bacteria, detritus and suspended
organic matter. Since it depends entirely on natural food, no supplementary feeding is
required.

Perna viridis grows rapidly under favourable conditions, with shell length increasing by
about 8-14 mm per month. In about five months, it can reach 80-90 mm shell length and
35-40 g body weight. Growth depends on temperature, salinity, dissolved oxygen, pH,
plankton availability, water movement, stocking density and fouling. The species is
dioecious, with separate males and females. Females have orange to reddish gonads,
while males have creamy yellow or pale white gonads. Fertilization is external, and
females release millions of eggs. Larvae pass through trochophore, veliger and
pediveliger stages before settling as spat on hard substrates. Along the southwest coast,
spat settlement usually occurs from July to September, and the juveniles reach seed size
by September for use in farming.

Farm Site Selection for Mussel Culture

Farm site selection is a key factor in the success of mussel culture because growth,
survival, meat quality, production and profitability depend on the environmental
conditions of the culture area. A suitable site should have clean, well-oxygenated water
free from sewage, industrial effluents, agricultural runoff, oil pollution and other
contaminants, as mussels are filter feeders and can accumulate pollutants. The site
should have abundant naturalfood such as plankton and suspended organic matter, with
good primary productivity, suitable salinity of 27-35 ppt and temperature of 26-32°C.
Moderate water movement is essential to supply food and oxygen and remove wastes,
while the bottom should be firm with low siltation to prevent gill clogging. The area should
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be protected from strong waves, cyclones and heavy swells, and should have access to
roads, landing centres, labour, seed areas, markets and storage facilities. Mussel farming
can be donein open sea and estuarine areas. Open sea sites require stable salinity, good
water quality, moderate currents, limited wave action and a minimum depth of about 5
m; longline and raft systems are commonly used, though fouling, poaching, storms and
rough seas are major risks. Estuarine sites are shallow, sheltered and easier to manage,
with depths below 4 m preferred; rack and horizontal rope culture are commonly
practiced. However, estuarine farming is affected by monsoon-related salinity reduction,
pollution and sedimentation. Therefore, open sea sites are better for large-scale
production, while estuarine sites are cheaper and suitable for small-scale farmers,
making proper site selection essential for sustainable and profitable mussel farming.

Mussel Farming Methods

Mussel farming is a sustainable form of mariculture because mussels are filter feeders
that depend on naturally available plankton and suspended organic matter. Therefore, no
artificial feed is required, making the practice economical and environmentally friendly.
The selection of afarming method depends on local conditions such as water depth, tidal
range, current speed, bottom type, wave exposure, seed availability, investment capacity,
and labour availability. Mussel farming methods are broadly classified into bottom
culture and off-bottom or suspended culture. Suspended culture methods generally give
better growth, higher production, and improved meat quality because mussels receive
better water circulation and food supply.

1. Bottom Culture

Bottom culture involves spreading mussel seed directly on prepared seabed plots. It is
commonly practiced in temperate countries where extensive intertidal flats and firm
bottoms are available. Seed collected from natural mussel beds is transferred to culture
grounds at suitable stocking densities. This method requires low investment and simple
management. However, it is more affected by predators, sedimentation, poor water
movement, and environmental disturbances.

2. Pole or Bouchot Culture

Pole culture is one of the oldest mussel farming methods and originated in France. In this
system, wooden or bamboo poles are fixed vertically in intertidal areas. Mussel spat
either settles naturally on the poles or is attached after collection. The mussels grow by
attaching firmly to the poles with byssus threads. Protective netting may be used to
prevent loss from predators and waves. This method is suitable for areas with a wide tidal
range and moderate water movement.

3. Stake Culture
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Stake culture is widely practiced in tropical countries, especially in Southeast Asia.
Bamboo or wooden stakes are driven into soft-bottom coastal areas where natural
spatfall occurs. Juvenile mussels settle on the submerged portions of the stakes and
grow to marketable size. This method is inexpensive, simple, and suitable for sheltered
bays and estuaries. However, continuous use may cause sediment accumulation and
reduce water depth in the farming area.

4. Rack Culture

Rack culture is the most common method used for green mussel farming in India,
particularly in shallow estuaries and backwaters. The system consists of bamboo or
wooden poles supporting horizontal or vertical ropes on which mussels are grown. It is
easy to construct, uses locally available materials, requires low capital investment, and
allows simple maintenance and harvesting. CMFRI has standardized and promoted rack
culture technology among coastal communities, especially in Kerala. Due to its low cost
and good returns, it is suitable for small-scale farmers and women’s self-help groups.

5. Raft Culture

Raft culture is practiced in sheltered coastal waters, bays, and lagoons with sufficient
depth and good plankton availability. Floating rafts made of timber, steel, or HDPE pipes
support vertical ropes called droppers, on which mussels are cultured. Good water
circulation around the ropes provides food and oxygen, leading to fast growth and high
meat yield. This method is suitable for commercial farming in protected waters.

6. Longline Culture

Longline culture is an efficient method for offshore mussel farming. It consists of buoy-
supported horizontal ropes anchored to the seabed, with several vertical culture ropes
suspended from them. Mussel seed is attached to the ropes using cotton or synthetic
mesh, after which the mussels attach naturally. Longline systems allow good water
exchange, high stocking density, and large-scale production. However, regular cleaning
is needed to remove fouling organisms such as barnacles, algae, ascidians, and
unwanted juvenile mussels.

Overall, rack and stake culture are suitable for shallow estuarine areas and small-scale
farmers, while raft and longline culture are better for deeper coastal waters and
commercial production. Bottom culture is simple and low-cost but more vulnerable to
predators and sedimentation. Therefore, the farming method should be selected
according to site conditions, available resources, and market demand.

Mussel farming in India has grown significantly during the last two decades, especially
along the southwest coast. The development and demonstration of low-cost farming
technologies by CMFRI have encouraged adoption by coastal farmers in Kerala,
Karnataka, Goa, Tamil Nadu, and Maharashtra. Musselfarming has become animportant
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livelihood activity, providing additional income to fishing communities, women’s self-
help groups, and coastal entrepreneurs. With increasing domestic demand and export
potential, the sector has good scope for expansion through improved seed production,
value addition, cold-chain facilities, and post-harvest processing.

Successful mussel farming depends mainly on the availability of healthy seed and proper
seeding techniques. Mussel seed or spat is collected from clean natural beds, preferably
from subtidal rocky areas free from sewage, industrial waste, agricultural runoff, and
other pollutants. Good-quality seed is usually 15-25 mm in shell length, as it withstands
handling and attaches well after stocking. After collection, the seed is sorted to remove
damaged, undersized mussels and fouling organisms such as barnacles, algae, tube
worms, and ascidians. Itis then washed with clean seawater before use.

Culture ropes made of coir or nylon are used for seeding because their rough surface
helps mussels attach firmly with byssus threads. About 500-750 g of seed is required per
metre of rope. The cleaned seed is spread evenly on a biodegradable cotton mesh, the
rope is placed over it, and the mesh is wrapped and tied securely. Within 2-3 days, the
mesh decomposes and the mussels attach naturally to the rope. Knots at 25 cm intervals
prevent seed from slipping.

Seeded ropes are suspended from racks, rafts, or longlines. The upper end should remain
submerged during low tide, while the lower end should stay above the seabed to avoid
mud, sedimentation, and predators. Regular inspection, thinning, removal of dead
mussels, and cleaning of fouling organisms are essential. Ropes should be spaced about
25 cm apart to ensure good water flow, food availability, uniform growth, high survival,
and better meatyield.

Seeding, Rearing, Harvesting and Health Management in Mussel Farming

Successful mussel farming depends on healthy seed, proper seeding techniques, good
farm management, safe harvesting, and disease prevention. Mussel seed or spat is
usually collected from clean natural beds, preferably from subtidal rocky areas with
minimum pollution. Collection sites should be free from sewage, industrial effluents,
agricultural runoff, oil pollution, and other contaminants to ensure healthy seed and safe
seafood production.

Good-quality mussel seed is generally 15-25 mm in shell length. Seed of this size can
tolerate handling and transport and attaches well after stocking. After collection, the
seed is sorted to remove damaged, undersized, or weak individuals, along with fouling
organisms such as barnacles, algae, tube worms, and ascidians. The selected seed is
then washed thoroughly with clean seawater to remove mud, silt, and debris.

Culture ropes made of coir or nylon are commonly used because their rough surface
helps mussels attach firmly using byssus threads. About 500-750 g of seed is required
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for one metre of rope. For seeding, cleaned mussel seed is spread evenly on a
biodegradable cotton mesh, and the culture rope is placed along the centre. The mesh is
wrapped around the rope and seed and tied securely. Within 2-3 days, the cotton mesh
decomposes in seawater, while the mussels attach firmly to the rope. Knots are tied at
intervals of about 25 cm to prevent seed from slipping and to maintain uniform
distribution.

Seeded ropes are suspended vertically from racks, rafts, or longlines. The upper end
should remain submerged even during low tide, while the lower end should stay above
the seabed to avoid mud, sedimentation, and predators. After stocking, regular
inspection is necessary to check attachment, mortality, fouling, and overcrowding.
Thinning of dense clusters improves water circulation, reduces competition, and
promotes uniform growth. Ropes should be spaced about 25 cm apart to ensure proper
water flow and food availability.

Mussels generally grow faster in suspended culture than on the seabed because they
receive better oxygen, plankton, and water circulation. The upper and middle portions of
the rope often show faster growth than the lower portions due to better food availability
and less sedimentation.

Harvesting is usually done after 5-7 months, when mussels reach marketable size. In
India, harvesting is commonly completed before the southwest monsoon, mainly from
April to June. Ropes are lifted manually from racks, rafts, or longlines, and mussels are
detached, washed, sorted, and graded. Dead, damaged, and undersized mussels are
removed. Fresh mussels should be protected from heat and sunlight and transported
under cool, moist conditions.

Since mussels are filter feeders, depuration is important for food safety. In this process,
live mussels are keptin clean, filtered, disinfected seawater for about 24 hours to remove
contaminants, bacteria, sediments, and gut contents. Proper depuration improves
hygiene, shelf life, and consumer acceptance.

Mussels are marketed mainly as live shell-on products, but value-added products such
as frozen half-shell mussels, IQF meat, cooked mussels, pickles, smoked products,
canned mussels, and ready-to-eat items offer better income opportunities. Good
hygiene, cold-chain management, proper packaging, and food safety standards are
essential for domestic and export markets.

Although mussel farming is low-risk, disease and mortality may occur due to poor seed,
pollution, overcrowding, high temperature, salinity changes, low oxygen, and poor water
exchange. Regular monitoring of growth, survival, water quality, fouling, and disease
signs is essential. Healthy seed, proper stocking density, good farm layout, adequate
spacing, removal of dead mussels, and basic biosecurity practices help maintain healthy
stocks and sustainable production.
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Integrated Multi-Trophic Aquaculture (IMTA)

Integrated Multi-Trophic Aquaculture (IMTA) is an environmentally sustainable
aquaculture system in which different aquatic organisms belonging to different trophic
levels are cultured together. It is desighed to improve resource use, reduce waste, and
increase farm productivity. Unlike intensive monoculture systems, which may cause
nutrient enrichment, organic waste accumulation, poor water quality, disease problems,
and habitat degradation, IMTA uses natural biological processes to recycle nutrients
within the farming system.

The basic principle of IMTA is that the waste produced by one cultured species becomes
a useful resource for another. In conventional aquaculture, uneaten feed, faeces, and
metabolic wastes from fed species such as marine finfish may enter the environment and
cause pollution. In IMTA, these wastes are utilized by extractive species such as bivalves
and seaweeds. This reduces environmental impact while producing additional crops of
economic value.

A typical marine IMTA system includes three major components: fed species, organic
extractive species, and inorganic extractive species. Fed species such as seabass, cobia,
pompano, groupers, or other marine finfish are usually cultured in cages or pens and
receive formulated feed. They act as the main source of nutrients in the system.

Organic extractive species include filter-feeding bivalves such as mussels, oysters, and
clams. These organisms remove suspended organic particles, phytoplankton, and fine
particulate wastes from the water. By filtering the water column, they reduce organic
pollution and improve water clarity while producing a valuable shellfish crop.

Inorganic extractive species mainly include seaweeds. Seaweeds absorb dissolved
nutrients such as ammonia, nitrate, phosphate, and carbon dioxide released from fish
culture. Through photosynthesis, they also add oxygen to the water. In addition to
improving water quality, seaweeds are useful raw materials for food, fertilizers,
pharmaceuticals, cosmetics, and biofuel industries.

The success of IMTA depends on proper selection of species. Cultured organisms should
be native or well adapted to local environmental conditions such as temperature, salinity,
water depth, and current pattern. They should occupy complementary trophic levels so
that nutrients are efficiently transferred from one group to another. Selected species
should also have fast growth, good survival, disease resistance, compatible production
cycles, and strong market demand.

IMTA provides several environmental benefits. It reduces nutrient loading,
eutrophication, organic enrichment, and water quality deterioration. Bivalves remove
suspended particles, while seaweeds absorb dissolved nutrients, thereby improving
ecosystem health. The system also increases nutrient-use efficiency and reduces the
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environmental footprint of aquaculture. Seaweed cultivation can also contribute to
carbon sequestration, making IMTA relevant in the context of climate change.

Economically, IMTA allows farmers to harvest more than one product from the same
farming area. Finfish, shellfish, and seaweeds can be produced together, reducing
dependence on a single crop and lowering financial risk. Since bivalves and seaweeds
require little or no external feed, operational costs are reduced. IMTA also creates
employment opportunities in seed production, farming, harvesting, processing, value
addition, and marketing.

In India, IMTA has good potential for sustainable expansion of marine aquaculture. With
proper site selection, suitable species combinations, nutrient modelling, scientific
management, and policy support, IMTA can improve farm income while protecting
coastal ecosystems.

Thus, IMTA is a holistic and eco-friendly aquaculture approach that converts waste into
useful biomass. By integrating fed fish with bivalves and seaweeds, it improves water
quality, increases productivity, supports livelihood generation, and promotes sustainable
development of mariculture.

kkhkkhkkhkkhkhkhkkkhkhkhkhkhkkkhkhkkhkhkkkikkikx

108 | Page



