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Mussels are sedentary organisms inhabiting coastal waters.
They attach to submerged objects and rocks with the help of
byssal threads but can also move short distances using their
foot. They are filter-feeders, collecting food which includes
phytoplankton, zooplankton and other suspended organic
materials from the surrounding water. The green mussel,
(Perna viridis) is commonly found along the coast of Kerala
and commands high demand in domestic markets.

Mussel farming in India on a commercial scale is being
practiced for the past two decades. This was first done at
Dharmadam estuary and later at Padanna where it was taken
up on a large scale. Wild spat collected from intertidal/
subtidal natural beds during the spatfall season are used for
culture. Mussels are harvested after 4 to 6 months
depending on their growth and demand. An on-bottom
method for mussel farming which further reduces
operational costs is also practiced in some places.

The success of mussel farming is evident from the fact that,
farm production steadily rose from about 20 tonnes in 1996
to 16,789 tonnes in 2008. During 2007, India ranked 5"
among the Asian countries in mussel production with 7,894
tonnes. There was a steep decline in the production during
2015-16 due to large scale mortalities.
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Optimal conditions
for mussel culture

Depth: 2 m or more, without
excessive silt

Salinity: 27 - 35 ppt
Temperature range: 26 °C -32°C
Water current: 0.1 to 0.3 m/sec
Dissolved oxygen: 5-8 mg/l

pH: Ideally 7.5 — 8.5

Productivity: Good amount of
natural micro algae, chlorophyll
range between 0.7-17 mg/m’

Turbidity: Secchi disc reading of
more than 25 cm

For bottom culture, excessive
silting areas should be avoided




Mussel culture in northern Kerala

1- Padanna
2 - Kunnaru, Kavvayi
3 -Thavam

4 - Thalassery

5 - Elathur

6 - Cheriyathuruthi




Important Diseases in Bivalves

Bivalves are infected with numerous pathogens causing
varying degree of damages. World Organisation for Animal
Health (OIE) has listed seven important diseases in bivalves.

OIE listed diseases of molluscs

Abalone herpes virus
Bonamia exitiosa
Bonamia ostreae
Marteilia refringens
Perkinsus marinus

Perkinsus olseni
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Xenohaliotis californiensis

Among these, infections with Bonamia ostreae and
Perkinsus olseni are the only ones having importance in
India.

Bonamiosis: Caused by the protozoan parasite Bonamia
ostrea and B. exitiosa. Bonamia infection may result in yellow
discolouration and/or extensive lesions/ulcers in the
connective tissues of the gills, mantle and digestive gland.
Pathology is correlated to haemocyte destruction due to
proliferation of Bonamia parasites
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Bonamia parasites inside haemocytes

Transmission of infection between oysters is direct but
certain macro invertebrates and zooplankton are suspected

vectors. Both B. ostrea and B. exitiosa have not been
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reported from India so far.

Presumptive diagnosis is done by microscopy. Spherical or
ovoid organisms within haemocytes in heart or gill imprints
and in histopathology indicates Bonamia infection. Molecular
diagnosis using PCR techniques is used for confirmatory
diagnosis.

Control and prevention: None.

Marteiliosis: Caused by the protozoan, Marteilia refringens.

Marteilia infection in mussels results in poor condition index

with emaciation, discolouration of digestive gland, cessation
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Marteilia parasites in digestive tissues

of growth, tissue necrosis, and mortalities. In early stages, the
parasite affects the upper digestive tract and later on spreads
to the entire digestive gland causing severe damage to
digestive gland epithelia. Since the parasite infects the
digestive tissues, it interferes with digestion, absorption and
metabolism. Environmental stresses may increase the
mortalities. Disease spread through spores shed by infected
oysters. Marteiliosis has not been reported from India.

Presumptive diagnosis is through microscopy. Parasites are
seen in digestive gland imprints. Confirmatory diagnosis
requires the use of PCR.

Control and prevention: None.

Ostreid Herpes Virus (OsHV-1) infection: Caused by
Ostreid herpesvirus and has been causing severe damages to
oyster farmers in Europe for the past few years. So far this
disease has not been reported from Indian bivalves, but can
beaserious threatin future.

Presumptive diagnosis is done by microscopy. Confirmatory
diagnosis is done by using species-specific PCR and DNA
sequencing. Mode of transmission is uncertain.
Environmental factors such as high seawater temperature
and stressful conditions particularly rearing techniques
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favours and triggers OsHV-| infection.
Controland prevention: None

Perkinsus infections: Caused by parasites belonging to the
genus Perkinsus. Perkinsus olseni infects various bivalves
including mussels while P. beihaiensis is usually restricted to
oysters. P. olseni is capable of causing serious mortalities and
can be considered as the most important pathogen of
mussels world over. Since this pathogen exhibits a wide host
range, other bivalve species can act as reservoirs/ carriers,
enhancing the transmission potential. Perkinsus is usually
found in the haemocytes and connective tissues of bivalves.
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Perkinsus parasites in tissues

Pathological manifestations vary widely with the host species
and exhibit non-specific clinical signs. Infected animals lose
body condition with retracted, pale and watery mantle.
Digestive gland appears pale, whitish nodules may be present
in tissues and gaping is common. Mortality varies with the
host species, depending on the susceptibility.

The life cycle involves four stages, viz. trophozoite,
hypnospore, zoosporangium and zoospore. Mature
trophozoites proliferate in host tissues. In moribund/dead
hosts, the mature trophozoites transform into hypnospores.
In sea water, these hypnospores develop into zoosporangia,
undergo zoosporulation and produce large number of
infective zoospores which infects other mussels around.
Trophozoites are also infective. Many bivalves can act as
carriers/reservoirs of infection without showing any
apparent symptoms or mortalities.

Presumptive diagnosis is performed by microscopy. The
parasites cultured in Ray’s Fluid Thioglycollate Medium
(RFTM) stain blue or bluish-black with Lugol’s iodine
solution. Histological studies show the parasites in tissues.
Confirmatory diagnosis is carried out by PCR test.

Controland prevention: None in field conditions.



Development of Perkinsus parasites : (a) healthy mussel (b-c) hypnospores in dead mussel tissues
(d-g) development of spores (h) release of infective stages (i-j) infective stages




Management measures can improve the situation. Perkinsus
infections are widely prevalent in Indian bivalves and can be
considered as one of the most important threats facing
bivalve culture in India.

Mass mortalities in mussels: During the early years,
losses due to mortalities were negligible and were not of
much economic significance in mussel farming. But since the
last few years, the scenario has changed. Drastic changes in
the climate - high temperature and salinities coupled with

Gaping mussels

the presence of Perkinsus have been causing heavy mortalities
in mussel culture.

During 2016-17, heavy mortality of farmed mussels was
noticed at Ori, Edayilakkad, Vadakkekad & Thekkekad in
Kasaragode district and Kavvayi, Punchakkad, Kunnaru,
Ezhome & Thavam in Kannur district.

Symptoms included gaping of shell valves followed by large
scale mortalities. Larger animals appeared more susceptible
with pale, thin and watery meat contents. Most of these were

Perkinsus hypnospores cultured in RFTM and
stained with Lugol's iodine




reproductively mature and some of them were spent.

Disease diagnosis using techniques like Ray’s Fluid
Thioglycollate Medium (RFTM) culture assay and
histopathology indicated the presence of Perkinsus. Almost
all the samples were heavily infected.
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Perkinsus trophozoites in histological
preparation

Confirmatory diagnosis using Molecular diagnostic
techniques (PCR) followed by sequencing confirmed the
pathogen as Perkinsus olseni, an OIE listed protozoan
parasite of bivalve molluscs. P. olseni have been known to
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Gel image showing PCR positive samples
confirming diagnosis

cause serious mortalities in bivalve molluscs world over. This
observation forms the first report of mass mortalities caused
by P. olseniin farmed P. viridis.

Environmental parameters at the culture sites were beyond
the tolerance level, water temperature showed an
unprecedented increase up to 33°C, salinity reached up to
36.63 ppt. in certain areas and productivity levels appeared
low. Higher temperature and salinities are always stressful
and such conditions are known to increase the pathogenicity
and associated mortalities caused by P. olseni infections all
over the world. Spawning induces physiological stress which
may also have contributed to the condition.



To sum up, the mortalities were a culmination of stressed
seed, poor environmental conditions, clustered farms in a
limited area, reduced flushing, extremely high salinity and
temperature coupled with Perkinsus olseni infections.

Management: The present situation is very alarming.
Controlling the variations in climatic conditions is not
possible and there is no treatment for infections with
Perkinsus, especially in open water bodies. Stressful
conditions and the presence of pathogens is the root cause
behind the mortalities. However, the following
management practices will help in improving the situation.

o

LS Reduce the area of each farm unit and concentration
of farmsin an area.

% Ensure good water flow since this facilitates flushing
of waste materials.

«  Farm units should be shifted to adjacent non-farmed
area after two farming seasons.

% Useonly good quality seeds and as far as possible use
seed from nearby areas.

“  Regular monitoring and recording of culture and
environmental parameters.
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