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Nutrition security is a big 
challenge at present for the 
growing population of India. In 
order to maintain sustainable 
food production and nutrition 
security to avoid the problems 
of hunger and malnutrition. 
Food fish is the cheapest source 
of protein, vitamin, mineral and 
Omega 3 fatty acid. One and 
common goal at present is ‘fish 
as a food for mankind’. 

As population grows day by day, 
consumption and demand of fish 
and prawn continue to increase. 
We have also understood the 
limitations in the exploitation of 
available natural resources. The 
progress made in the last few 
decades has been tremendous 
both in terms of production as 
well as productivity in fresh and 
brackish water aquaculture.

We need to exploit our potential 
of the unexploited resources 
in both capture and culture 
fisheries. India is bestowed 
with varied inland fisheries 
potential resources in the form 
of rivers and canals (1.95 lakh 
km), floodplain lakes (8.12 lakh 
hectares),  ponds and tanks 
(24.1lakh hectares), saline/
alkaline affected areas (12 lakh 
hectares) etc. 

The government has made an 
ambitious target of increasing 
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the production to 22 million 
metric tons by 2024-25 from 
13.75 million metric tons in 
2018-19. Also, the target has 
been set to increase the export 
value to 1, 00,000crores from 
Rs46, 589croresin 2018-19. 

Feed and seed are the two 
prime requirements to achieve 
this target. Developing 
infrastructure and creating a 
strong market chain are also 
required. The government has 
announced an investment of Rs. 
20050 crore in coming five years 
under Pradhan Mantri Matsya 
Sampada Yojana (PMMSY) with 
Central share of Rs9407 crores, 
States share of Rs 4880 crores 
and Beneficiaries contribution 
of Rs 5763 crores. The success 
of the programme depends 
on the timely release of the all 
stakeholders’ shares. But, given 
the present economic condition 
of the country and the States 
due to the global pandemic, 
there is certainly a question 
mark over the timely allocation 
funds.  

The government promotes 
technologies, specifically RAS 
and Biofloc, to increase the 
production. There is a mad rush 
to adopt the technologies. It 
has been observed most of the 
entrepreneurs and farmers do 
not have much understanding 

Need to increase fish production to 
attain nutrition security
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about the technology. There 
is lack of certified professional 
and trainers. It needs to be 
reviewed. 

Disease outbreak is also 
another major reason of failure 
of culture projects. The growth 
of Lvannamei shrimp farming 
in last decade is attributed to 
the failure of P. mondon due 
to the outbreak of WSSV and 
MBV. It has been bothering the 
farmers now also.  There are lack 
of laboratories and shortage 
of trained professionals to 
guide the farmers. More 
private investment has to be 
encouraged in this area also. 

Stress should be given from 
‘land to lab’ rather from ‘lab 
to land’. Much of advanced 
technologies are not reaching 
to the end users because of 
government’s complicated 
procedure. Quality brood stock 
development, better hatchery 
technology and quality seed 
production are to be focussed to 
make aquaculture sector grow 
and attain full potential in terms 
of employment generation 
and income augmentation of 
farmers.
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The usual criteria of the fish to be 
classified under ornamental fish 
are attractive look with beautiful 
colouration, adaptability to live 
in small confined areas, peaceful 
nature and compatibility to live 
with other fishes like gold fish, 
angel fish, guppy, discus, tetra, 
gourami, etc. 

Like any other trades, growth 
of ornamental fish trade also 
depends on viable technology, 
best management practices, 
market and infrastructure.A 
lucrative export market and 
high domestic demand has 
made ornamental fish industry 
a potential source for income 

generation in India. But, in 
spite of the fact that the country 
possesses rich diversity of 
ornamental fishes, India is 
lagging behind in ornamental 
fish export and its overall 
contribution to global export 
remains only Rs. 8.4 crores 
(0.32%). 

Ornamental fish  
trade in India
Dr. Archana Sinha

COVER STORY

Ornamental fish trade is an important sector for livelihood generation 
in India. Apart from employment generation, Ornamental fisheries 
contribute to the women empowerment and foreign exchange 
earnings. It has vast opportunities, low investment and less water 
requirement.
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Indian exportsmainly target 
South East Asia, China, Middle 
East, EU, USA and Japan. The 
major part of the export trade 
is based on wild collection from 
NEH. Out of 250 indigenous 
ornamental fish species, 155 
fish species are beingregularly 
exported and many fish species 
are also having very high 
potential. 

Domestic market
There is a huge domestic 
market in India, worth about 
Rs.555 crores with an estimated 
potential of Rs.5000 crores. 
Indian domestic trade in 
ornamental fish is growing @ 
20% annually and demand at 
domestic level is higher than 
supply.

Agro climatic conditions of 
all the states of the country 
are suitable for ornamental 
fish breeding and culture 
however,these activities are 
concentrated to a few states 
especially in West Bengal 
(55%), Tamil Nadu  (35%), Kerala 
(5%), North East states (7%), 
Maharashtra (3%) and a few in 
Madhya Pradesh, Rajasthan and 
Uttar Pradesh.

MPEDA, Kochi has prepared 
a directory of ornamental 
fishexporters in which they have 
identified 25 ornamental fish 
exporters in India especially, 
in Kolkata, Mumbai, Chennai 
and Kochi.  India is known in 
International ornamental fish 
trade for its wild caught fish. 
Ornamental fish entrepreneurs 
can grab the opportunity by 
rearing indigenous ornamental 
fish which are of high demand 
in the international trade. Faith 
in Vastu as well as tourism 
development also accelerated 
the growth of the trade.

Breeding and rearing 
Ornamental fish trade includes 
breeding, rearing, live food 
collection and culture, feed 
preparation, aquarium plant 
propagation and trade, 

accessories and decorative toys 
preparation, aquarium making 
and marketing. As per an 
estimate a hobbyist spends 20% 
on fish, 63% on aquarium and 
accessories, 11% servicing and 
6% on feed. Therefore, industry 

should not concentrate only on 
fish but also give attention to 
the ancillary activities. 

The profit of ornamental 
breeding and rearing unit 
depends upon the carrying 
capacity, candidate species, 
management practices and 
infrastructure. Kolkata ranks first 
position not only in export trade 
but also this city and its suburbs 
have significant contributions in 
domestic field in fish trading as 
well as ornamental fish farming. 

As Kolkata airport is the 
gateway for export trade but 
on the other Howrah railway 
station performs as the transit 
point for sending consignments 
of such pet fishes by trains to 
distant places like Delhi, Jaipur, 
Ahmadabad, Chennai, Mumbai 
and Bhopal. Such consignments 
of aquarium fishes, sometimes, 
are also airlifted for Bangalore, 
Chennai, Delhi, Dehradun and 
Ludhiana etc. 

There is a unique relationship 
of supply and demand of the 
aquarium fish and aquarium 
accessories. Unlike, other trade, 
the demand increases if the 
supply is more. More supply 
attracts more hobbyists and 
demand increases accordingly 
and finally supply flow increased.

The largest and the oldest pet 
market not only in Kolkata but 
also in India is a unique Sunday 
pet market in the Galiff Street, 
also known as the “Bagbazar 
Sokher (Hobby) Haat”. It starts 
every Sunday in early morning 
and ends by late afternoon, 
remains fully functional and 
flooded with customers. The 
street offers a different variety of 
rabbits, albino rats, guinea pigs, 
dogs, ornamental fishes, birds, 
flowers and plants of exotic and 
rare varieties. 

It is essential to focus on 
developing a value chain 
approach from seed collection, 
culture and export of various 
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ornamental varieties by 
ensuring environmental and 
socioeconomic sustainability, 
product quality and overseas 
access to the ornamental 
fish industry in India. In India, 
despite many initiatives by the 
government, the ornamental 
fisheries remain highly 
unorganized, and this results in 
extended marketing channels 
which cause marginalization 
of the producer. The value 
chain for ornamental fish in the 
country is rather short.

Encouragement of the 
producers, fish collectors, 
entrepreneurs and other 
stakeholders of the ornamental 
fisheries sector through different 
governmental agencies 
may help to bring up new 
possibilities to reach the level 
comparable to other advanced 
exporting countries in the near 
future.

The country needs to build 
capacity for certification, 
quarantine, quality control and 
other regulatory processes 
on ornamental fish. Separate 
certification guidelines and 
quarantine facilities are required 
for ornamentals. Health 
certification process need to be 
simplified and may be arranged 
through quarantine monitoring 
authority. Registration of the 
full value chain including 
collectors, traders, importers 
and exporters is needed and 
preferably the respective 
state fisheries departments 
should be accredited with 
the responsibility to issue 
registration certificates. 

The skill development in this 
sector is the need of the day. 
Providing training to fabricate 
simple glass aquarium and 
earning between Rs.1200- 
2000 for livelihood is not now 
advisable. Now the trend is 
changing and the cost of a 
biotope aquarium startsfrom Rs. 
1-2 lakh.

COVER STORYSMART AGRIPOST - FISHERIES

To frame a national policy for ornamental fish culture 
development trade, following points must be taken care 
of:
•	 Collectivization	 of	 small	 units	 is	 a	 good	 tool	 for	 the	

domestic producers to face stiff competition from 
importers 

•	 Forming	a	corporate	entity	is	worth	emulating	in	order	
to encourage, develop and nurture Farmers Producers 
Organizations (FPOs) in the country

•	 Government	 assistance	 and	 incentives	 should	 also	
be extended to machinery/infrastructure used for 
manufacturing the ornamental fish culture accessories. 

•	 Develop	 breeding	 technologies	 for	 high	 value	
indigenous ornamental fish species and ensure quality 
fish seeds in bulk quantities.

•	 Development	of	new	technologies	for	an	uninterrupted	
supply of live feeds and advanced disease diagnosis 
and treatment mechanism.

•	 Identification	 of	 natural	 breeding	 grounds	 of	
commercially important ornamental fish and 
declaration as sanctuaries.

•	 Appropriate	regulations	to	facilitate	green	growth	by	
increasing trade in products certified for sustainability 
and promoting certification-related services in 
international supply chains. 

•	 Skill	 development	of	qualified	 youth	 for	ornamental	
fisheries development.

•	 Creation	of	awareness	to	raise	number	of	hobbyists	of	
ornamental fish and strengthen stakeholder linkages.

Collectors 

(Get negligible Price)

UNREGISTERED SMALL 
TRADER

(Get Rs.20-50 /-per piece)

WHOLESELER

(Get Rs.30-100 /- per piece)

EXPORTERS

(Get Rs.50-1000/- per piece)

Government 
intervention
Agencies like Marine Product 
Export Development Authority 
(MPEDA), National Fisheries 
Development Board (NFDB), 
National Cooperative 
Development Cooperation 
(NCDC) and National Bank 
of Agricultural and Rural 
Development (NABARD) 
are taking keen interest in 
promoting the development 
and culture of ornamental fishes 
and so far various activities 
are being taken up in different 
regions of the country where 
the prospects of ornamental 
fisheries are high. 

Ancillary industry 
A wide variety of pumps, 
air stones, filters, heaters, 
thermostats, assorted electrical 
gadgets, nets, tubes, buckets, are 
a prerequisite even for setting 
a home aquarium. Besides 
decoration pieces, molluscan 
shells, sand and gravel and a 
wide variety of beautiful artificial 
or natural aquatic plants like 
Cryptocome, Echinodorus, 
Elodea, Hydrophyla, Ludwigia, 
Cabomba, Myriophyllum, 
Vallisneria, etc. are options 
for trading. In aqua-escaping, 
different aquarium plants of 
suitable varieties are arranged 
in a harmonious way to create 
an aesthetic finish. There is need 
to have live food organisms or 
culture them and commercial or 
home-made feeds for the fish. 

There is huge demand of service 
provider in aquarium keeping 
and maintenance especially 
in metro and major cities. An 
efficient service provider can 
attend 3-4 such calls and can 
earn Rs. 1000-2000 per day. 
However, there is scarcity of 
such providers.  

Government of India has 
initiated Skill Development 
Programme and providing 
certificate after completion of 
the training as technically Skilled 
Ornamental fish technician. This 
degree is valuable and they can 
provide technical services to 

individual and public aquaria. 
A skilled person having NSDC 
certification can earn without 
any investment.

Certainly, the success of 
aquarium fish trade also depends 
on qualifications and skill of 
the trader. But, it is observed 
that highest percentage of 
ornamental fish producers 
have minimum education, 
though there are a few who are 
graduates and postgraduates 
also. But, now there is a positive 
sign showing the development 
of business as the technically 
qualified people from 
engineering sector, IT sector, 
MBA in addition to the fisheries 
professionals are joining the 
trade. Entry of qualified youth, 
skill enhancement, innovative 
products and well informed 
hobbyists are the key indicators 
of the progress of the business. 

In India, the ornamental fish 
trade is started very late in 
comparison to other countries 
involved in ornamental fish 
marketing. Now popularity 
to keep aquarium in houses 
is increasing day by day. The 
factors like increase in income of 
middle class group, prevailing 
nuclear family, believe in Vastu 
are responsible to attract 
the hobby. The demand of 
hobbyists is also changing 
gradually. Garden ponds are 
coming as an innovative hobby. 

Many garden ponds and 
home improvement stores are 
featuring a variety of equipment 
for homeowners. Pre-formed 
ponds as well as dug and lined 
ponds bring together various 
segments of landscaping with 
the use of stones, filters, pumps, 
lights, fish, and aquatic plants 
to provide attractive features. 
Fisheries professional have 
qualifications and they better 
understand about the fish 
behaviour, water chemistry and 

COVER STORYSMART AGRIPOST - FISHERIES
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feed requirement. They have 
expertiseto rear the fish in small 
captive ponds. They can grab 
this opportunity to earn more 
money as there are very few 
such experts in the country. They 
can develop their own design of 
garden ponds and roof ponds 
and also provide maintenance 
services to the clients. They 
can accept online orders and 
flourish their business.

Surprisingly, there are very 
few entrepreneurs who are 
preparing medicines and 
chemicals for maintaining the 
fish health. As the ornamental 
fishes are being kept in captive 
conditions in small aquarium, 
chances to encounter diseases 
is very high. There is demand 
of chemicals and medicines 
for the prophylactic treatment 

and disease control of the 
ornamental fish. 

In most of the shopping malls 
in major and metro cities, now a 
day’s one can see fish pedicure 
spa. It is nothing but cleaning 
the dead skin by small fish called 
doctor fish, Garrarufa(doctor 
fish), it is a fish originates in the 
river basins of the Northern and 
Central Middle East, mainly in 
Turkey, Syria, Iraq and Iran. A 
similar fish Garradactylais of 
Indian origin and can be studied 
for the spa. A considerable 
change is observed in the life 
style of Indians. Such type of 
pedicure is already in demand. 
A customer pays Rs. 100-200 
per hour. An awareness and skill 
development to start such spa 
will certainly help and provide 
employment.

Conclusion 
Increasing volumes of trade 
without appropriate policy 
support can have adverse 
consequences, such as pressure 
on natural resources, extraction 
for production, processing, 
and social marginalization. 
Global ornamental fish market 
depends on market forecast, 
production and consumption, 
import-export analysis, business 
attractiveness, type and 
application analysis, competitive 
landscape, industry analysis, 
raw material analysis, marketing 
and distribution strategy. 

(The author is the Principal Scientist, 
ICAR-CIFRI, Barrackpore, Kolkata 
(W.B.). Views expressed are 
personal.)

Introduction
Aquaculture, especially 
shrimp farming, has witnessed 
tremendous growth in 
the last decade. This has 
been achieved through 
expansion, intensification 
and diversification. Major 
transformation in shrimp 
production has been witnessed 
in India, after switching over 
from native species, Penaeus 
monodon to the non-native 
species, white leg shrimp, 
Penaeus vannamei which was 
introduced during 2009-10. 

Ever since the introduction 
of P. vannamei, the area 
under farming has increased 
remarkably. However, as 

happened in the case of P. 
monodon, P. vannamei farming 
also has been experiencing 
large-scale production losses 
due to a variety of diseases. 

These diseases have been 
either due to infectious 
aetiology, poor management 
measures, spurious seed, 
water pollution. Diseases are 
the outcome of imbalance 
between environment, host 
and pathogen. The impact 
of disease is a combination 
of several factors such as 
mass mortality of shrimp, 
reduction in feed acceptance 
or morbidity. Morbidity and 
production losses due to 
multiple disease conditions of 
obscure aetiology have been 

a common phenomenon and 
running mortality syndrome 
(RMS), slow growth / retarded 
growth caused by multiple 
causes, white gut and white 
faeces syndrome and vibriosis 
etc. have been of common 
occurrence. Although shrimp 
farming in the neighbouring 
Asian countries and Latin 
America have been severely 
affected by Acute Hepato 
Pancreatic Necrosis Disease 
(AHPND), popularly known as 
Early Mortality Syndrome (EMS), 
Indian shrimp farming system 
has not been affected by this 
serious problem. 

Concomitant with the expansion 
and intensification of shrimp 
aquaculture, large number 

Emerging diseases in 
shrimp farming

Shrimp disease is a major concern for the farmers. It not only causes 
crop loss but also cripples their economy.

Dr. T. Suguna
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of the hepatopancreatic (HP) 
tubules of shrimp. The EHP 
infection affects the digestive 
and absorptive functioning of 
the hepatopancreas leading to 
poor growth and immunity (Fig. 
1). Although there are reports 
indicating that EHP would cause 
growth retardation in farmed 
shrimp, a statistical correlation 
between the parasite and the 
clinical signs has not been 
proved so far. However, the 
parasite will not cause any 
mortality or obvious clinical 
signs and symptom. 

Nevertheless, the micropsoridian 
had been identified as one the 
pathogenic agents associated 
with white faces syndrome 
(WFS) in cultured P. monodon 
in Vietnam. Similar indications 
have also been reported from 
Thailand.        

2. Early Mortality 
Syndrome 
(EMS) / Acute 
Hepatopancreatic 
Necrosis Syndrome 
or Disease (AHPNS 
or AHPND):
Recently, a new emerging 
disease known as Early Mortality 
Syndrome (EMS) or Acute 
Hepatopancreatic Necrosis 
Disease (AHPND), has been 
a major issue of concern for 
economic loss in the shrimp 
farming industry in many Asian 
countries and Latin America. 
Incidence of AHPND has been 
reported from China in 2010 
and subsequently in Vietnam, 
Thailand, Malaysia and Mexico 
(Tran et al., 2013; Soto – 
Rodriguex et al., 2015). However, 
there are no confirmed reports 
of EMS from India.

It affects both Penaeus 
monodon and P. vannamei (P. 
chinensis was also reported 
to be affected in China). The 

EMS / AHPND disease typically 
affect shrimp post larvae within 
20-30 days after stocking 
and frequently causes up to 
100% mortality. Recently, the 
aetiology of AHPND has been 
identified as a unique strain 
of V. parahaemolyticus that is 
infected by a phage, which 
causes it to release a potent toxin 
(Lightner 2014). Gross clinical 
signs of the disease include 
lethargy, slow growth, corkscrew 
swimming, loose shells and pale 
colouration. Other signs include 
an empty stomach and midgut, 
and a pale to white atrophied 
hepatopancreas, and ultimately 
dead animals can be seen at 
the bottom of the pond. The 
most distinctive histological 
feature of AHPND is extensive 
rounding and sloughing of 
hepatopancreatic tubule 
epithelial cells in the absence 
of any detected causative 
pathogen (Tran et al., 2013).  

3. Infectious 
myonecrosis (IMN):
Outbreaks of infectious 

(Fig. 2) Clinical signs of infectious myonecrosis virus (IMNV)

myonecrosis (IMN) due to 
infectious myonecrosis virus 
(IMNV) were first reported 
from Brazil in whiteleg shrimp, 
Penaeus vannamei, in 2002. 
Infectious myonecrosis 
disease is characterized by 
extensive necrosis of skeletal 
muscle, especially in the distal 
abdominal segments and 
tail fin. This disease resulted 
in cumulative mortality rate 
of up to 70% throughout the 
production cycle. The species of 
shrimp P. vannamei, P. stylirostris 
and P. monodon are susceptible 
to IMNV and among these 
species P. vannamei is the most 
susceptible. 

IMNV has been reported to 
be transmitted from shrimp 
to shrimp by cannibalism. 
Transmission via water and 
vertical transmission from 
broodstock to progeny 
probably occurs. The causative 
agent has been identified as an 
RNA virus known as infectious 
myonecrosis virus (IMNV), 
belonging to the Totiviridae 
family. Severely infected shrimp 
become lethargic during or 

of diseases, especially those 
caused by viral infection, have 
been recorded in farmed 
shrimp. Disease such as white 
spot syndrome virus (WSSV) 
has devastated the shrimp 
aquaculture world over due to 
its high virulence, wide host and 
geographical range. Some of 
the other serious viral diseases 
include Taura Syndrome Virus 
(TSV), Yellow Head Virus (YHV), 
Infectious Hypodermal and 
haematopoietic Necrosis Virus 
(IHHNV), Infectious Myonecrosis 
Virus (IMNV) etc. 

In addition, a number of 
pathogens or disease conditions 
have emerged in farmed shrimp 
during the past several years and 
caused significant production 
loss to the industry. Further, 
some of the existing / endemic 
diseases have shown increased 
virulence and a few of them also 
showed distribution in new host 
species and geographical areas. 
Some of the reasons attributed 
to these phenomena include 
high intensification of culture 
practices, introduction of non-
native species for farming, 
unregulated transboundary 
movement of aquatic animals 
and products together with 
changing climate and the 
increased stress imposed on the 
farmed animals. Although many 
pathogens results in heavy 
mortality in farmed shrimp, 
some of the emerging disease 
conditions which are reported 
recently resulted in severe 
retarded growth or other chronic 
conditions. Nevertheless, these 
chronic conditions are often 
resulted in heavy production 
losses and significant economic 
impact in shrimp farming. 

Emerging diseases
Globally, disease emergence 
is recognized as an important 
constraint to the expansion 
of aquaculture. An “emerging 
disease” is defined as a new 

disease, a new presentation of 
a known disease or an existing 
disease that appears in a new 
geographical area (Brown, 
2000). According to Walker 
and Winton (2010), emerging 
disease can be categorized into 
four: new or previously unknown 
diseases; known diseases 
appearing for the first time 
in a new species (expanding 
host range); known diseases 
appearing for the first time 
in a new location (expanding 
geographical range); and  
known diseases with a new 
presentation (different signs) or 
higher virulence due to changes 
in the causative agent. Further, 
Walker and Winton reported 
that emerging new diseases are 
challenging problems because 
of the following reasons: 
difficulty or delay in developing 
confirmatory diagnostic tools; 
poor knowledge on the host 
susceptibility and host-range; 
lack of knowledge on the 
epidemiological factors such as 
mode of transmission, reservoirs 
and carrier hosts etc. 

Followings are some of 
the diseases which can be 

categorized under emerging 
diseases in farmed shrimp:

1. Hepatopancreatic 
microsporidiosis 
(HPM):
Hepatopancreatic microsporidiosis, 
caused by the microsporidian 
parasite, Enterocytozoon 
hepatopenaei (EHP), is an 
emerging pathogen of cultured 
penaeid shrimp. Incidence of 
EHP has been reported from 
cultured shrimps of many 
Southeast Asian Countries 
including Vietnam, Thailand, 
Malaysia, Indonesia and China. 
Recently, the pathogen has 
been recorded in the farmed 
shrimp in India (Rajendran et 
al., 2016). EHP is reported to 
be associated with growth 
retardation in farmed shrimp. 

It was first discovered from 
Penaeus monodon in Thailand in 
2004 (Chayaburakul, et al., 2004), 
and reported as an undersigned 
microsporidian. Subsequently, 
the parasite was identified and 
characterized from P. monodon 
from Thailand in 2009. It 
infects only the epithelial cells 

Fig. 1: L. vannamei effected with growth retrodation and there by showing 
wide range of size variation due to Hepatopancreatic microsporidiosis

AQUACULTURESMART AGRIPOST - FISHERIESAQUACULTURESMART AGRIPOST - FISHERIES
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(Sriurairatana et al., 2014) and 
this will result in retarded growth 
and may predispose shrimp to 
opportunistic pathogens. 

Vibrio species have been found 
in the faecal analysis from 
infected shrimps. Incidence 

of WFS in shrimp has been 
reported to be associated with 
stressful conditions including 
high stocking densities, poor 
water quality, poor pond 
bottom, high plankton blooms 
and bad feed management and 

Fig. 4: White gut / faeces syndrome

high pollution in pond water. 
White faeces syndrome has 
been reported to be a serious 
problem in P. vannamei culture 
ponds of Andhra Pradesh and 
Tamilnadu (Mastan, 2015). 
Although direct correlation 
between the microsporidian 
EHP and WFS has not been 
established, spores of the 
microsporidian have been 
recorded in the faecal samples 
of WFS infected / slow growing 
shrimp (Rajendran et al., 2016; 
Tang et al., 2016).   

7. White patch 
disease 
This condition has been 
witnessed in the semi-intensive 
P. vannamei farming in Andhra 
Pradesh and Tamilnadu. Initially 
(before 2012), the outbreak 
was observed in summer 
season only, however, in 2014, 
the disease outbreak could 
be noticed both in the winter 
and summer seasons also 
(Velmurugan et al., 2015). The 
major symptoms include focal 
to extensive necrotic areas in 
striated tail muscle tissues and 
abdominal muscles tissues. 

Necrotic areas appear white 
opaque patches and in later 
stage the white patches changed 
into black spot or splinter. Other 

after stressful events such as 
capturing using cast-netting, 
feeding, sudden changes in 
temperature and drop in salinity. 
However, shrimp will have full 
gut. In acute infection, animals 
show extensive whitish necrosis 
in skeletal muscles, especially in 
the distal abdominal segments 
and tail (Fig. 2). 

Lymphoid organ shows 
excessive hypertrophy. Necrotic 
areas may appear reddened in 
some animals. Severe infection 
results in morbidity and high 
mortality which continues for 
several days. The disease has 
not been reported from India. 

4. Muscle necrosis of 
Penaeus vannamei 
caused by Penaeus 
vannamei nodavirus 
(PvNV):
Viral muscle necrosis is an 
emerging disease of Penaeus 
(Litopenaeus) vannamei caused 
by Penaeus vannamei nodavirus 
(PvNV). The disease was first 
reported in Belize in 2004 and 
caused 50% production losses 
in affected shrimp ponds (Tang 
et al., 2007). PvNV is a member 
of the family Nodaviridae and 
genus Alphanodavirus (Tang et 
al., 2011). Infected shrimp show 
clinical signs of white, opaque 
lesions in the tail muscle 
thus resembling infectious 
myonecrosis virus (IMNV) 
infection. Histopathological 
changes include multifocal 
necrosis and haemocytic fibrosis 
in the skeletal muscle. Basophilic 
cytoplasmic inclusions in 
strained muscle, lymphboid 
organ and connective tissues 
are also observed. The disease 
also causes lymphoid organ 
spheroids. Although the virus 
does not cause serious mortality, 
the infection impacts survival 
in grow-out ponds. Sporadic 
mortality of infected shrimp has 

been recorded when they are 
under environmental stress such 
as crowding (stocking density 
(>50 m2) and high temperature 
(>32oC) and survival decreased 
to 40% and increased food 
conversion ratio. The disease 
has not been reported from 
India. 

5. Running mortality 
syndrome (RMS):
The term running mortality 
syndrome (RMS) has been used 
to describe prolonged chronic 
mortality during a crop. The 
mortality starts 1-2 months after 
stocking and become severe 
during later part of summer 
crop. This condition has been 
noticed in farmed P. vannamei 
in India, since 2001. The farmed 
shrimp in the affected ponds 
showed different mortality 
patterns which are result 
of unusual symptoms with 
no correlation to any other 
reported diseases. Reports 
indicate that some farmers 
have lost up to four crops, with 
mortality percentage reaching 
50-70% in most of the cases 
(Fig. 3). The exact cause of the 
disease has not been identified; 
however, reports indicate the 
involvement of multiple causes 
such as covert mortality disease 
caused by covert mortality 

nodavirus (CMNV), white 
muscle syndrome, white gut 
/ faeces syndrome and white 
patch disease.  

6. White gut / faeces 
syndrome (WFS):
This has been observed in 
farmed P. monodon and P. 
vannamei. Gross signs of WFS in 
shrimp include the appearance 
of faecal string-like bodies in the 
gut. It appears like vermiform 
bodies that resemble gregarines 
within the hepatopancreatic 
tubules, at the hepatopancreas- 
stomach – midgut junction 
and in the midgut (Fig. 4). It 
generally occurs approximately 
from 2 months of culture 
and initially the causative 
agent has been reported as 
gregarines and the condition 
is described as white faeces 
syndrome (WS). The disease 
has been reported to cause 
10-15% production loss due to 
decreased survival and smaller 
harvest size of shrimp. Although 
the causative organisms 
has not been identified, 
latest report shows that WFS 
arises from transformation, 
sloughing and aggregation 
of hepatopancreatic microvilli 
into vermiform bodies, which 
superficially resembles like 
with protozoan, gregarines 

(Fig. 3) Clincial signs of running mortality syndrome
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symptoms include whitish 
blue discoloration of infected 
shrimp body, loss of appetite, 
roughness on whole surface of 
infected shrimp with or without 
red discoloration and pale 
white muscles. The mortality 
rate was observed up to 70%. 
The causative agent responsible 
for this condition has been 
identified as Gram-positive 
bacterium, Bacillus cereus. The 
isolates exhibited high degree 
of proteolytic, haemolytic and 
lipase activity sufficient to lyse 
the cuticle of shrimp. 

8. Vibriosis: 
The prevalence of Vibrio 
parahaemolyticus and 
Vibrio harveyii has caused 
the occurrence of vibriosis 
and resulted in severe crop 
losses to the farmers. It easily 
affects the shrimp cultured in 
saline waters and known as 
“bacterial septicaemia”. The 
shrimp are affected at any 
stage. Environmental stresses 
aggravate the disease and 
cause huge loss to farmers. 

The major symptoms include 
the exhibition of septicaemia 
conditions followed by loss 
of reflex and cuticular fouling. 
The gills appear brown in color 
and the body becomes red. 
Antennal cut has also been 
observed. The affected shrimps 
do not eat and hence stomach 

appears empty and at times 
white watery liquid oozes out, 
sometimes luminescence has 
also been observed in ponds. 
In serious conditions mortality 
is observed. Blackening or 
whitening of the basal part 
of the antenna, the oviduct 
and edges of the abdominal 
segments. The shrimps may 
exhibit either one of the 

Fig. 5 Agar plate displaying the colonies of Vibrio spp.

symptoms or all the symptoms 
based on disease severity. The 
preventive measures like drying 
between production cycles, 
strict biosecurity measures and 
good management practices 
are to be adopted (Fig. 5). 

Conclusion 
Shrimp diseases caused by either 
Viral or bacterial diminishes the 
production and productivity 
of the farm and increases 
the usage of probiotics, and 
chemicals, thereby impacting 
the economic condition 
of the farmers. Stringent 
biosecurity protocols and right 
identification of diseases will 
help reduce the occurrence of 
spread of diseases from one 
farm to another.  
(The author is the Principal Scientist 
& Head, Fisheries Research Station, 
Sri Venkateswara Veterinary 
University, West Godavari, AP. Views 
expressed are personal.) 

Do probiotics enhance 
mucosal immunity in fish?

Introduction
In recent years, there were 
several studies on the effects 
of functional substances and 
micronutrients on mucus 
production and health status 
of fish. Those like probiotic 
bacteria, oligosaccharide, 
β-glucan, etc. have been 
tested on mucus production 
(Dawood et al.2016; 2015a; 
2015b; Hoseinifar et al., 2015; 
Rodriguez-Estrada et al., 2013). 

Fish are always in direct exposure 
with the aquatic environment; 
therefore, they are permanently 
in contact with various external 
hazards causing elements (e.g. 
aerobic and anaerobic bacteria, 
viruses, parasites, pollutants). 
To protect itself from various 
pathogenic microorganisms, 
the fish body has the first line of 
barrier between the fish and the 
environment i.e. mucus. 

Dr. Ranjeeta Kumari and Dr. M. Rosalind George

It is one of the most important tasks for fish farmers to produce healthy cultured 
aquatic species and make it a sustainable operation. To achieve healthy stocks, 
it is needed to enhance the immunological responses of aquatic species under 
culture conditions. Thus, it would be very important to know the effect of immuno 
stimulants on the activity of fish mucus.

Probiotic bacteria 
The mucosal surfaces of fish, 
include, skin, gill and gut, that 
act as the first line of defence 
against a broad spectrum 
of pathogens. Gill, skin and 
gastrointestinal tract of fish 
have been demonstrated and 
proposed to be the portal 
of entry for many microbial 
pathogens. Probiotic bacteria 
have been used in aquaculture to 
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Enterococcus faecalis or 
mannan oligosaccharide or 
a combination of both was 
reported (Rodriguez-Estrada 
et al., 2013). Mucus secretion 
of red sea bream fed with all 
diet-containing of heat-killed 
Lactobacillus plantarum (HK-
LP), was found to be higher 
than that fed with a HK-LP-free 
diet (Dawood et al., 2015). It 
was demonstrated that mucus 
secretion of red sea bream was 
significantly affected by either 
HK-LP or β-glucan, but they did 
not affect mucus bactericidal 
activity. Further mucus lysozyme 
activity significantly increased 
with increased HK-LP levels 
without β-glucan supplement 
while with β-glucan it did not 
change. 

It was found that the lysozyme 
activity in mucus of red sea 
bream was affected by the 
concentrations of inactivated 
Pediococcus pentosaceus, 
and the lysozyme activity was 
significantly higher in fish 
fed with P.pentosaceusdiet 
than in fish fed with the basal 
diet (Dawood et al., 2016). 
Furthermore, mucus was 
significantly secreted more in 
Pediococcus pentosaceusfed 
groups. 

Micronutrients for 
effective mucus 
secretion
Other than probiotic bacteria, 
some micronutrients like 
vitamins have been found to be 
effective for mucus secretion. In 

red sea bream, a diet containing 
325 ppm vitamin C increased the 
lysozyme activity of skin mucus 
compared to that of vitamin 
C-free diet (Ren et al., 2008). 
Similarly, Japanese eel fed 
with diets containing 762 ppm 
vitamin C showed significantly 
higher lysozyme activity and 
bactericidal activity of mucus 
than with 32 ppm vitamin C(Ren 
et al., 2007). Lactoferrin as acts 
as a functional supplement, 
has been tested to improve the 
health status of aquatic animals. 
Furthermore, the bactericidal 
activity of mucus was further 
enhanced with the addition 
of dietary lactoferrin. It was 
found on Caspian roach that 
dietary vitamin C significantly 
elevated skin mucus alkaline 
phosphatase, protein levels, 
and antimicrobial activity 
compared to a vitamin C-free 
group (Roosta et al., 2014). 

Mucus secretion was found to 
be significantly increased in 
spotted grouper when fed with 
diets containing lactoferrin from 
400 to 1200 ppm compared to 
that of fish fed with a lactoferrin-
free diet and concluded that 
oral lactoferrin administration 
could be an effective method to 
improve natural barriers of fin 
fish (Yokoyama et al., 2006).

In conclusion, since the mucus 
plays a key role as the first-
defense line for protection of 
aquatic animals, controlled 
secretion of mucus is very 
important for them to improve 
the survival, particularly for 
aquaculture species. The 
components of mucus will be 
able to impart strong innate 
immune mechanism against 
any stress/diseases. Although 
several dietary materials induce 
the increase of mucus secretion 
in aquatic animals, their effects 
on parasites and many such 
pathogens are still under 
investigation. 

(The authors are Assistant 
Professors and Professor & Head in 
the Department of Fish Pathology 
and Health Management, FC&RI, 
Tuticorin, TNJFU, Tamil Nadu 
respectively. Views expressed are 
personal.)
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Figure of L. rhamnosus (Source: https://probioticsdb.com/probiotic-strains/

lactobacillus-rhamnosus/mucosal cells, such as epithelial 
and immune cells. 

It has been illustrated 
theoretically, that it is possible 
that certain probiotic bacteria 
which secrete extracellular 
proteins might also reach 
the gut mucosa, acting as 
molecular effectors responsible 
for downstream responses in 
mucosalcells (Sánchez et al., 
2008).Extracellular proteins can 
be divided into two groups. 
The first group is composed of 
proteins that contain a signal 
peptide, which is located in 
the N-terminal part of the 
sequence to direct signal 

between protein to protein 
export machinery. The second 
group includes the surface-
associated proteins that are 
basically shed from the bacteria 
due to the normal turnover 
of the cell wall. A study on 
freshwater swordtail indicated 
that Lactobacillus acidophilus as 
feed supplement was effective 
in enhancing antibacterial 
activity of skin mucus, and the 
skin mucus protein level and 
alkaline phosphatase activity 
were higher in Lactobacillus fed 
groups(Hoseinifar et al., 2015). 

It is now possible to modulate 
the number of goblet cells, 
the composition of the mucus, 
and its lysozyme content 
by oral administration of 
immunostimulants. This, in 
turn, will lead to better mucosal 
vaccines for aquaculture and 
serve as a better-models 
for the study of vertebrate 
mucosal immunity.Production 
of epidermal mucus was 
enhanced by intake of lactic 
acid bacteria in Atlantic salmon 
(Salinas et al., 2008) and 
mannan oligosaccharide in sea 
bass (Torrecillas et al., 2011). 

Increased mucus production 
in rainbow trout-fed diet-
containing inactivated 

improve health of the fish, water 
quality and growth of farmed 
fish successfully (Verschuere et 
al., 2000). Most of the workshave 
been focused on protection of 
fish against infectious diseases 
(Nikoskelainen et al., 2001; 
Robertson et al., 2000). Varying 
results are obtained when 
selected probiotic bacteria 
were used to protect against 
different bacterial pathogens.
The probiotic bacteria might 
be able to protect the host from 
pathogens by blocking the 
integumental attachment sites 
(adhesion receptors). 

The good adhesion ability 
to mucosal surfaces is a 
prerequisite for bacterial 
colonisation, and has been well 
demonstrated for Lactobacillus 
rhamnosus (ATCC 53103) to 
fish mucus (Nikoskelainen 
et al., 2001) as well as to 
human mucus (Miettinen et 
al., 1996). Among the different 
extracellular compounds 
responsible for these processes, 
proteins secreted and released 
into the environment by 
probiotic bacteria (extracellular 
proteins) might mediate certain 
interactions, since they would 
be able to interact directly with 
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relationship. Aquaponics 
farming is suitable for the 
farmers in areas where water 
is scarce and who have smaller 
land holdings. Crops grown in 
aquaponics are organic and 
able to grow in denser climate.

Aquaponics vs 
Hydroponics
Both aquaponics and 
hydroponics, involve growing 
of plants in a soil-free medium 
where the roots are supported by 
an inert material, instead of soil, 
and directly immersed in water. 
Aquaponics and hydroponics 
rely on an engineered set-up 
that recycles a fixed quantity 
of water through the system. 
The basic difference between 
aquaponics and hydroponics 
is that former produced 
vegetables organically, whereas 
hydroponics uses inorganic 
inputs to grow vegetables. The 
second difference is that an 
aquaponics system produced 
both fish and vegetables, 
whereas hydroponics yields 
only vegetables. Aquaponics is 
a sustainable model of organic 
food production that involves 
a symbiotic combination of 
aquaculture and hydroponics.

Aquaponics in India
In India Aquaponics is still in 
infancy with only few large-
scale commercial aquaponics 
farms like LandCraft Agro, 
Madhavi farms, Red Otter farms.
LandCraft Agro currentlyhas a 
growing facility of 90,000 sq.ft. 
andthey plan to expand this 
to over 2 million square feet in 
size. The farm cultivates around 
12 green leafy vegetables and 
fishes, while Madhavi farm 
have growing area of 20 acre.
Small scale backyard and 
terrace aquaponics farming are 
also practiced in some states, 
especially in Cherai village in 
Kerala which is now known 
as “India’s First Aquaponics 
Village”. There are more than 
200 aquaponics operational 
units in Cherai and it attracts 
farmers and entrepreneurs from 
different parts of the country.

Cultivable fish 
species and 
vegetables
Almost all the freshwater fish 
species can be grown in the 
system, but the selection of 
species will depend on ease of 
care and size of your system. 

GIFT Tilapia (Genetically 
Improved Farmed Tilapia), is the 
preferred variety as it has a high 
growth rate within a few months 
and grows well within confined 
spaces. Other fish species 
like Gold fish, Common carp, 
catfishes, Indian Major Carps 
can also be cultured. The leafy 
vegetables are most preferred 
plant species for cultivation in 
aquaponics system’ however, 
other vegetables like tomato, 
fruits and flowers can also 
be grown. The common 
leafy vegetables grown in 
aquaponics system are broccoli, 
cauliflower, cabbage, pakchoi, 
kale, watercress,swiss chard, 
radishes, and herbs such as 
basil, mint, chives. The selection 
of vegetables and fish species 
will also depend on type of 
aquaponics system being used.

Types of aquaponics 
designs
The design of aquaponics 
depends on the capacity to 
invest, area of culture, type of 
cropand climatic condition of 
the location. Before deciding on 
the design of the aquaponics 
system, it is important to 
compare the pros and cons of 
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Source: https://www.greenandvibrant.com/sites/default/files/inline-images/Aquaponics/Aquaponics.png
https://dh1muyqdu88ie.cloudfront.net/wp-content/uploads/2016/06/22124636/drip-system.jpg

Introduction
The population of the world is 
increasing at an alarming rate, 
and it is estimated that the world 
population will reach 8.5 billion 
by the year 2030. Therefore, the 
food production to feed such 
a large population should also 
increase, which can be achieved 
only by efficient utilization of 
existing resource and by the 
expansion of agriculture and 
allied sector. 

The resources of land and 
water are limited so the further 
expansion of agriculture 
farming sector is challenging. 
Excessive and indiscriminate 
use of fertilizers and pesticides 
are also culprits in reducing soil 
productivity, hence reducing 
the agricultural growth rate. 

In addition to reduced soil 

productivity, runoff from heavily 
fertilized field also increases 
nitrogen and phosphorus level 
in the water and deteriorates its 
quality. These challenges can be 
overcome through innovative 
and improving farming 
techniques. The technological 
advancement in the field of fish 
and crop production can help in 
this.

Aquaponics farming has the 
potential to overcome some of 
these challenges if the farmers 
are able to maintain the system 
with proper technical support. In 
India, Aquaponics has received 
relatively lower attention due 
to high initial investment, but 
in other parts of the world it 
is becoming quite popular. 
However, in India also there 
has been a gradual increase in 
awareness of this system due to 
its advantages.

Aquaponics farming
Aquaponics is a combination 
of aquaculture and 
hydroponics in which fishes 
and crops, especially leafy 
vegetables,are grown together 
in a re-circulating system. It is an 
innovative method of farming 
which uses fish-waste as a 
natural fertilizer for plants in a 
nutrient-rich ecosystem. The 
plants and nitrifying bacteria 
remove ammonia and other 
nitrogenous compounds from 
the water, making it safe for fish 
to live in. The main elements 
for aquaponics system are 
the fish tank, grow beds/plant 
supporting channel, pumps 
and filters. The success of 
aquaponics requires proper 
maintenance of the plants, fish, 
and nutrients that gives a well-
balanced and interdependent 

Aquaponics: A promising food 
production system to meet future 
challenges 

Dr.Pravesh Kumar, Dr. Ankur Jamwal and Roshan Kumar Ram
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Conclusion
Aquaponics is an emerging 
and promising food producing 
system in India. It can provide 
a livelihood to thousands 
of marginal farmers and 
unemployed youths apart 
from its promising fulfillment 
of nutritional security for 
increasing population. The 
technical interventions in 
designs of aquaponics could 
make it more affordable and 
reliable food producing system 
which will surely encourage the 
farmers. The technical support 
and new policies are needed to 
popularize aquaponics in India 
so that more people can take it 
up as a source of livelihood and 
employment generation.

(The authors are working in the 
College of Fisheries,Dr. Rajendra 
Prasad Central Agricultural 
University, Dholi, Muzaffarpur, Bihar. 
Views expressed are personal.)

Challenges in 
Aquaponics

 y  Development of energy-
efficient systems with 
optimized nutrient recycling 
and suitable pathogen 
controls. 

 y  Development of effective 
value chains and efficient 
supply chain management. 

 y  Need to develop legislation 
and licensing policy for 
success of future aquaponics.

 y  The technological challenge 
is that the nutrients in the 
effluent produced by fish are 
different than that optimally 
required for plants. But it can 
be solved by using decoupled 
aquaponics systems (DAPS), 
which uses water from the 
fish tank for plant growth; 
however, this water will 
never return to fish tank. The 
water goes to mineralization 
components and sludge bio 
reactors containing microbes 
that convert organic matter 

Source: http://www.projectfeed1010.com/wp-content/uploads/2015/07/nelsonandpade05.jpg

into bio available forms 
of key minerals, especially 
phosphorus, magnesium, 
iron, manganese and sulphur 
for plant growth. 

Advantages
 y  Aquaponics uses 90% less 
water when compared to soil-
based agriculture. 

 y  It produces 2-3 times more 
vegetables per unit area than 
normal soil base cultivation.

 y  It produces good quality fish 
protein also

 y The produced vegetables are 
organic

 y  It is environment friendly, 
energy efficient and totally 
supportive to environment.

Disadvantages
 y Initial investment is very high 
for a large-scale commercial 
unit.

 y The energy requirement 
is high for the large-scale 
system, which increases 
the operational cost and 
environmental concern.

each design. Although there are 
different designs, three most 
common types of aquaponics 
designs are as follows:

1. Nutrient Film 
Technique (NFT)
NFT system is a commercial 
scale aquaponics design which 
is space efficient and requires 
less manpower. Crops are easy 
to harvest due to vertical design. 
This design is most suitable for 
leafy vegetables because large 
fruit plants roots can clog the 
channel. In this system, the roots 
are also exposed to more air 
than water so they are vulnerable 
to weather fluctuations.

2. Media Bed
This design uses containers 
filled with rocky media, such 
as gravel or expanded clay, to 
support the roots of plants. The 
nutrient rich water from fish 
tank drains on this gravel filled 
containers having plants. The 
media bed supports the plants 
and acts as both mechanical and 
biological filter to capture and 
breakdown wastes.This design 
is best suited for backyard 
culture and beginners because 
it does not require much input 
to function well. Because the 
media supports plants like 
soil would, it is possible to 
produce plants with large root 
mass such as fruits, flowering 
plants, vegetables, and root 
vegetables. But this design 
requires more space, has higher 
labor cost andis hard to scale 
into commercial use.

3. Deep Water 
Culture (DWC)
This design is most stable 
among all three designs and 
commonly used for commercial 
culture. The floating rafts are 
used to suspend the plants roots 
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Source: https://i.pinimg.com/originals/e1/d7/c6/ 
e1d7c616ce741aa70bbd8bf31cbc0050.jpg

Source:https://youmatter.world/app/uploads/sites/2/2020/05/what-
aquaponics-definition-system-benefits.jpg

Marketing of the 
produce from 
aquaponics system
The market for organic produce 
is increasing at a very fast pace 
in India due to rise in customer 
awareness and knowledge 
about organic produce and its 
benefits. As vegetables from 
aquaponics are also organic, 
they will also benefit from the 
expanding market prospects.A 
recent report suggests that the 
Global Aquaponics market is set 

in nutrient rich well aerated 
water.Due to suspended nature 
of plants in this design it is also 
known as raft or float systems. 
The water from fish tank first 
needs to be filtered before 
transferring to plants increases 
the cost of this system. The roots 
are submerged in this design, 
so temperature fluctuation is 
less which makes this design 
suitable for warmer climate. In 
addition, larger root zone plants 
can be used and removing 
plants is much easier than in 
media beds.

to rise at 13.4% of Compound 
Annual Growth rate (CAGR) in 
the period 2019-2024, over 
the last period, 2014-2019. The 
report predicts the market to 

reach around USD 1.34 bn, as 
against the actual figure ranging 
between USD 580 mn to 630 
mn in 2018.
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in intensive aquaculture farms 
and introduction of beneficial 
miocrobes in aquaculture 
sytems are widely practiced 
for better water quality 
maintenance and reduce 
disease occurance.  Beneficial 
microorganisms dominate and 
function against pathogenic 
bacteria in biofloc systems 
and heterotrophic bacteria 
rapidly increase the process 
of nitrification which reduces 
ammonia concentration thus 
preserving the quality of the 
water. 

Fish consume bacterial biomass 
associated with bioflocs that can 
boost the capacity to assimilate 
feed and avoid disease outbreak 
contributes to higher growth 
and survival. The recirculating 
aquaculture systems (RAS) have 
numerous microniches where 
microorganisms retrieve their 
favourable oxygen and nutrient 
conditions where ammonia 
and nitrite are oxidised into 
less harmful compounds under 
aerobic conditions. 

In aquaponics, the nitrifying 
bacteria including Nitrosomonas 
and Nitrobacter that use 
ammonia and hold the system 
in equilibrium. The Penpack 

system contains different kinds 
of strains of bacterial species 
that act as a biofilter system 
to purify water and detoxify 
harmful waste products and 
uneaten feed. Thus microbes 
plays signifcant role in 
balancing dissolved oxygen, 
nutrient recycling, and as food 
source for other organisms 
and performs an important 
role in the maintenance of 
the water quality  and control 
pathogens. The microbial 
community consists of protists, 
fungi, yeasts, and viruses, but 
bacteria are dominant in the fish 
intestine which serves a variety 
of functions in fish growth and 
contribute towards digestion 
and nutrition, development of 
host behaviour, reproduction, 
immune system, overall health 
and population dynamics. 

The nutritional modulation 
and manipulation of the gut 
microbiota in fishes has yielded 
better results as it meets the 
needs of culture fisheries and 
therefore has great importance 
to discover and broaden 
the understanding of fish 
gut microbiota in evolving 
environments which have the 
potential to boost the sector. 
Understanding fish-microbe 

interactions leads to the creation 
of improved synbiotics that offer 
antibiotic alternatives and can 
significantly improve wellbeing 
of fish. Recent developments in 
microbiological and sequencing 
technologies and techniques 
enables the analysis of complex 
microbial communities present 
in the fish and environmnet. 

This article paves the way for 
some crucial ideas and practical 
implications about the use and 
manipulation of microbes for 
the development of the ever-
growing sector.

Fish-Microbe (FM) 
interaction in Gut: 
Genesis and diversity
Gut microbiota or gastrointestinal 
(GI) microbiota is the complex 
community of microorganisms 
that live in the digestive tracts 
of humans and other animals, 
including insects. The gut 
microbiota has classified 
into two viz. autochthonous 
microbiota the one which 
colonise the mucosal surface 
of the digestive tract and make 
up the core community and 
the allochthonous microbiota 
which are the free living, 
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Fish-microbe interaction for 
sustainable aquaculture

Introduction
Inspite of increased aquaculture 
production, the sector is 
struggling to achieve economies 
of scale due to disease 
outbreaks, competitive pressure 
for factors of production, 
environmental crisis and climate 
change, reduction in pond 
area with the fragmentation 
of landholdings, market and 
economic uncertainity. 

It is imperative to ensure the 
growth of the aquaculture 

industry and to fulfill the 
requirement of the customer 
confronting the challenges and 
problems associated with the 
sector. Globally, the per capita 
fish consumption is showing an 
increasing trend and reached 
20.5 kg in 2018. This increase in 
demand coupled with the need 
for sustainable aquaculture 
practice has driven to adopt 
advanced techniques and 
technologies in A to Z activities 
of the aquaculture sector. 

Recently, the research in the 

sector has been focussing 
on an energy-efficient, 
environmentally friendly, 
and economical aquaculture 
(EEE) practices for sustainable 
aquaculture production. 
Among several alternatives 
for a sustainable aquaculture, 
catalysing fish-microbe (FM) 
interaction have been evolved 
as one of the promising area to 
foster aquaculture. 

Microbial abundance in 
waterbodies undergo 
substantial alterations especialy 
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It is imperative to streamline future research towards manipulating and 
exploiting commensal microbial community that paves the way for 
optimising profit and sustainable yield as well as triggering fisheries 
and aquaculture growth. 
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mostly found in marine fishes. 
Besides that, microbial diversity 
differs among carnivore, 
omnivore and herbivore 
fishes as lactic acid producing 
bacteria (LAB) are prevalent 
in plant-based diet than those 
fed with fishmeal-based diets 
whereas cellulose-degrading 
bacteria such as Clostridium, 
Citrobacter and Leptotrichia  
were found dominant in the gut 
of herbivores, while protease-
producing bacteria Halomonas 
and Cetobacterium were 
dominant in the carnivore fishes 
(Liu et al., 2016). 

Functions of gut 
microbes in fishes
The fish gut microbes perform 
many essential biochemical 
functions and assist in the 
development of immune 
system, nutrition and behaviour 
of fish. Lack of this commensal 
microbes in fish intestine 
may trigger disruption of 
physiological functions such 
as intestinal epithelial cell 
dysfunction, disruption of 
nutrient absorption, metabolism 
and immune responses.

Microbes as immune 
booster
Gut microbes in fish help to 
maintain the health of fish by 

improving immunity in many 
ways, such as direct inhibition 
of pathogens by completely 
colonising the body, using 
all available nutrients and by 
secreting compounds such as 
acids, bile salts and enzymes 
that function as barriers to 
pathogenic microorganisms. 
The intestinal bacteria also 
help to produce natural 
antibodies which are the first 
line of protection in the immune 
response (Kobayashi et al., 
2019). In addition, GI microbiota 
aids the development of 
mucosal innate and adaptive 
immune system by maintaining 
gut integrity and the production 
of Short-chain fatty acid (SCFA) 
which stimulates the production 
of innate immune cells. There 

are findings of gut microbes 
developing sebastenoic acid 
which is an antimicrobial agent 
acting against Staphylococcus 
aureus, Bacillus subtilis, Vibrio 
mimicus and Enterococcus 
faecium(Rekecki et al., 2009).

Microbes in Nutrition
The feeding practices in 
aquaculture have high 
influence on availability of 
symbiont microbes for fishes. 
As per the report, probiotics 
like Lactobacillus rhamnosus 
continuously alters the 
microbial diversity in fish and 
accelerates larval development 
by improving growth and sex 
differentiation which in turn 
increases the likelihood of 
reproductive success (Carnevali 
et al., 2013). Gut microbiota 
also plays an important role in 
gastrointestinal development 
as it regulates the activity of the 
digestive enzyme catalysing 
appetite which helps to improve 
digestibility and has a good 
conversion ratio of feed. It 
also produces a wide range of 
enzymes viz. amylase, cellulase, 
lipase, proteases, chitinase and 
phytase that aids in digestion 
and other metabolic activities 
and bacterial species like 
Shewanella sp. along with 
Vibrio sp. that produces Poly 
Unsaturated Fatty Acids (PUFA) 
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transient microbiota associated 
with the digestive system 
(Rawls et al., 2004).  Until 1990, 
microbiological research in fish 
were based on the functional 
properties of microbes and 
experiments were carried out 
to examine changes in intestinal 
biota with different diets. 
Now, molecular techniques 
are used to characterize gut 
biota, which happened to be a 
breakthrough in studies on fish-
microbe interaction and novel 
techniques like next-generation 
sequencing (NGS) has sparked 
a renewed interest in this field, 
enabling the rapid and cost-
effective collection of in-depth 
and reliable data.  

The common bacterial 
populations reported in the 

gastrointestinal (GI) tract of 
most of the freshwater and 
marine fishes are Vibrio, 
Aeromonas, Micrococcus,  
Plesiomonas, Pseudomonas, 
Enterobacteriaceae, Flavobacterium, 
Acinetobacter, Clostridium, 
Fusarium and Bacteroides; 
Which can differ in species and 
in environmental conditions 
(Vijayabaskar & Somasundaram, 
2008; Zhou et al., 2009).  In 
aquaculture perspective, 
extraneous factors like water, 
climate, diet and antibiotics play 
a major role in gut microbes 
composition, thus the beneficial 
microbes in fish gut can be 
increased through creating a 
conducive environment for this 
microbes. 

Apart from this, it is evident that 

the potential sources of intestinal 
microbiota is through fish feed 
and hence the initial feeding 
stages of fish larvae is very 
critical for the development of 
commensal microbes (Llewellyn 
et al., 2014). Several biotic and 
abiotic factors (Fig. 1) can affect 
the establishment and existence 
of microbial composition in fish 
which includes host factors 
(genetics, gender, weight, age, 
immunity and intestinal motility), 
environmental factors (water, 
diet and medicine/antibiotics) 
and microbial factors (adhesion 
capacity, enzymes and 
metabolic capacity). 

This factors plays a pivotal role 
in development of gut microbial 
compositon which enhances the 
growth, metabolism, health and 
nutrition in fishes. Nutritional 
factors such as feeding regimes 
have a significant impact on fish 
gut microbes; balanced feeding 
with probiotics and prebiotics 
increases the abundance of gut 
microbes while overfeeding 
or underfeeding will result 
a decrease in microbial 
diversity. Microbes like 
Lactococcus, Pseudomonas, 
Clostridium, Acinetobacter, 
Aeromonas, Flavobacterium, 
Fusobacterium, and members 
of family Enterobacteriaceae 
dominate the gut of freshwater 
species while Aeromonas, 
Flavobacterium, Micrococcus,  
Alcaligenes, Alteromonas, 
Carnobacterium, Moraxella, 
Pseudomonas and Vibrio were 

Fig. 1. Factors affecting the establishment of gut microbiota and its 
role in fish (host)
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mating also helps in immune 
development, disease resistance 
and enhances growth through 
increased enzyme activity. 
Since antibiotic treatment in 
aquaculture actually reduces the 
microbial diversity, probiotics 
and prebiotics can be used 
as a substitute to antibiotics, 
promoting favourable microbial 
activity in the fish gut that has 
a substantial impact on health 
and nutrition. Modifying Fish-
Microbe (FM) interaction 
through gut manipulation will 
enhance growth, resistance 
to pathogens, improve lipid 
metabolism, and promote 
better physiological status of 
fishes which necessiates the 
development of techniques 
and technologies to 
augment beneficial microbial 
communities in fishes.

Conclusion and way 
forward

The gastrointestinal microbiome 
in fishes plays a major role in fish-
microbe interaction and aids in 
nutrition, digestive physiology, 
and immunity which are crucial 
in the field of aquaculture. 
Knowledge and understanding 
of the composition and diversity 
of gut microbiota is imperative 
in aquaculture as it governs 
digestion and assimilation of 
essential nutrients, fish growth 
and survival. 

There is still a lack of clear 
understanding of the function 
of specific gut microbes, as 
studies have so far focused 
mainly on the composition of 
microbes, and studies focusing 
on the specific role of these 
microbes would have enormous 
reach that can make a major 
contribution to fisheries and 
aquaculture in the near future. 

The use of probiotics and 
prebiotics in aquaculture is 
promising and many species 

of beneficial microbes were 
identified in fish, but it is 
essential to explore their full 
potential to reduce the cost of 
feed as about 70 percent of the 
operational costs incurred for 
feed itself. 

Conversely, modalities for the 
production of probiotics and 
prebiotics can be studied and 
developed to cure specific 
diseases in fish that minimises 
the use of antibiotics and 
other chemicals in farms. The 
emerging and fast-growing 
field of microbiomics involving 
the study of microbiota and 
manipulating gut microbiota 
finds important applications 
in aquaculture to promote fish 
health and overall wellbeing. 

Novel technologies such as next 
generation sequencing coupled 
with other molecular techniques 
and multiomic approaches 
need to be developed and 
used to analyze the specific 
characteristics of this microbiota 
and the effects of gut microbes 
in fishes. Research and studies 
has to be designed in such a 
way that to investigate species 
level fish-microbe interactions 
and its impacts on fishes which 
has the potential to boom the 
culture fisheries.
(The authors are research scholars 
at CIFE, Mumbai. Views expressed 
are personal. References can be 
provided on request.)
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which helps in metabolic 
activities of fish (Monroig 
et al., 2013).  Microbes like 
Cetobacterium somerae 
produces large quantities of 
vitamin B12 (cobalamin) and 
offers a vitamin source for 
many freshwater fish species. 
Beside that, gut microbes plays 
a prominent part in fat storage 
regulation as they enhance 
fat accumulation by inducing 
the absorption of fatty acid 
in the intestinal epithelium, 
culminating the accumulation 
of lipid droplet in enterocytes 
and increased dietary fatty acid 
accumulation in extraintestinal 
tissues (Semova et al., 2012).

Gut manipulation 
through probiotics, 
prebiotics and 
synbiotics
The disease resistance, health 
status, growth efficiency, feed 
consumption, stress response 
can be at least partially achieved 
by improving the fish-microbial 
balance. In aquaculture, the 
principal method to introduce 
symbiont microbes into fish 
intestines is by introducing 
probiotics and prebiotics, 
which are usually administered 
through feed with the alteration 

of proteins and lipids in the diet. 

Probiotics are ‘live beneficial 
microorganisms that provides 
health and nutitional benefits 
to the fish when administered in 
adequate amounts through feed 
or water’. These live benficial 
microbes includes gram-
positive and gram-negative 
bacteria, bacteriophages, 
micro-algae, and yeasts that 

have all been tested in cultured 
fishes and found as potential 
probiotics (Akhter et al., 2015). 

The most widely used 
probiotics in aquaculture 
includes Lactic Acid producing 
bacteria (LAB), Bacillus, 
Lactococcus, Shewanella, and 
Aeromonas genera. While 
prebiotics are characterised as 
a group of nutrients that host 
microorganisms selectively 
use as substrates that provides 
health and nutitional benefits 
and acts as a fertiliser for the 
beneficial microbes in the gut 
(Gibson et al., 2017). The most 
commonly used prebiotics 
are fructooligosaccharides 
(FOS), galactooligosaccharides 
(GOS), mannooligosaccharides, 
isomaltooligosaccharides, inulin 
and arabinoxyloligosaccharides. 
The use of nutritional mixture of 
prebiotics in conjunction with 
probiotics in fish diet is termed 
as synbiotics (Fig. 2) which helps 
in behavioural development 
which augments feed intake and 

Fig. 2: Role of synbiotics in aquaculture
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RNAi - a therapeutic 
tool in aquaculture

RNAi is a recently discovered 
mechanism of post-
transcriptional gene silencing 
in which double-stranded RNA 
(dsRNA) corresponding to a 
gene or coding region of interest 
is introduced into an organism, 
resulting in degradation of the 
corresponding mRNA. 

Because of this sequence-

specific ability to silence 
target genes, RNAi has been 
extensively used to investigate 
the functional role of specific 
genes by reducing expression, 
without altering genotypes. The 
silencing effects could be used 
not only to study gene function, 
but also to identify drug targets 
and vaccine candidates as well 
as to control infectious disease 
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by interfering with pathogen 
transmission, development and 
proliferation within the host. 

In this article, we summarize the 
current knowledge regarding 
the therapeutic applications 
of RNAi for developing 
alternative treatment strategies 
against infectious diseases in 
aquaculture.

R. Rajeshkannan, V. Vijayarahavan and V. Alamelu

Disease outbreak is a major impediment for the socioeconomic development of 
the aquaculture sector worldwide. New technologies and techniques for disease 
control must be developed and implemented to meet the increased demands 
of the expanding population. One such technology is RNA interference (RNAi). 

RNA interference
RNA interference (RNAi) is a 
highly evolutionally conserved 
process of post-transcriptional 
gene silencing (PTGS) by 
which double-stranded RNA 
(dsRNA), when introduced into 
a cell, causes sequence-specific 
degradation of homologous 
mRNA sequences. RNAi as a 
mechanism of PTGS most likely 
evolved as a cellular defense 
strategy to eliminate unwanted 
nucleic acids (viruses and 
transposable elements) in plants, 
fungus and invertebrates, but is 
also widely employed in most 
eukaryotic cells as a mechanism 
to regulate the expression of 
endogenous genes. 

Discovery of RNAi
The discovery of RNAi 
phenomenon was first 
observed by R. Jorgensen 
and his colleagues when plant 

biologists were performing 
experiments to enhance the 
hue of purple petunias. The 
introduction of a pigment-
producing gene under the 
control of a promoter resulted 
in variegated or completely 
white flowers, rather than the 
expected deep purple colour. 
What was initially thought to 
be a peculiar effect in flowers 
was subsequently found to 
occur in fungi when scientists 
were attempting to boost the 
synthesis of orange pigment 
in Neurospora crassa. The 
phenomenon was first called 
co-suppression in plants and 
quelling in fungi. 

RNAi in 
Caenorhabditis 
elegans
The observation of RNAi in 
animals came accidently when 
Guo and Kemphues injected 

Table 1. Gene Silencing Approaches:

Kingdom Species Silencing process Induction stimulus
Fungi Neurospora Quelling Transgene(s)

Saccharomyces pombe RNAi dsRNA

Plants Arabidopsis, Coffea canéfora, 
Nicotiana, Petunia

Transcriptional or 
Posttranscriptional

gene silencing,

co-suppression

Transgene(s) and

viruses

Invertebrates Paramecium Homology-dependent 
gene silencing

Transgene(s)

Amblyomma americanum, 
Anopheles, Brugia malayi, 
Dugesia japonica, Hydra, 
Leishmania donovani, 
Schistosoma mansoni, 
Tribolium castaneum,

Trypanosoma brucei, etc.

RNAi dsRNA

Ceanorhabditis elegans RNAi,

TGS

dsRNA,

Transgene(s)

Drosophila melanogaster Co-suppression, RNAi, 
Transcriptional gene 
silencing

dsRNA

Transgene(s)

Vertebrates Human, Mouse, Zebrafish RNAi dsRNA

the antisense strand to block 
expression of the par-1 gene in 
the nematode Caenorhabditis 
elegans. The expression was 
disrupted but, upon performing 
their controls, they found that 
the sense strand also reduced 
the expression of that gene. 

The involvement of dsRNA in 
gene silencing phenomena, 
however, was discovered by Fire 
et al. who found that dsRNA, but 
not single stranded sense or 
antisense RNA, mediated gene 
silencing in microinjected C. 
elegans. Subsequently, RNAi 
has been recognized as a highly 
conserved process encountered 
not just in unicellular protozoans 
and fungi but also in complex 
organisms such as plants and 
animals.Various approaches 
have since been developed 
for mammalian cells to obtain 
successful gene silencing. Some 
of the successful gene silencing 
approaches is listed in Table 1.
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Applications of RNAi 
in aquaculture
As aquaculture is growing 
rapidly and poised to help 
in bridging the gap in the 
global supply and demand of 
aquatic animal food products, 
management of health and 
reducing losses due to disease 
in aquaculture is gaining high 
priority. 

Recent advances involving the 
use of RNAi-based technologies 
promise alternative approaches 
for the stable silencing of 
genes in a variety of different 
animal species. Among its many 
applications, RNAi stands out 
as a powerful molecular tool 
to screen host genes involved 
in pathogenicity and other 
important biological processes, 
as well as to validate potential 
drug targets. In addition, 
silencing of viral genes stands 
out as a promising therapeutic 
approach for the development of 
antiviral strategies in organisms 
that can mount systemic antiviral 
RNAi response. 

In this context, RNAi could help 
stop virus replication inside the 
host, reducing virus spread and, 
consequently, helps the control 
of a possible outbreak of the 
disease. With regard to parasitic 
infections, the analysis of gene 
function through RNAi could 
be used not only to investigate 
the interaction between host 
and parasite, but also to explore 
the parasite biology and the 
effects of knockdown on its 
survival. This could assist in the 
identification and validation of 
new anti-parasitic drug targets.

RNAi as an antiviral 
tool in fish
Viruses are recognized as the 
most numerous organisms 
in the marine environment. 

While viral diseases can cause 
problems among natural fish 
stocks, these infectious agents 
are devastating and costly in 
aquaculture where fish are 
confined and intensively reared. 
Viruses of lower vertebrates 
include a large number of viral 
agents, belonging to different 
viral families and genera, 
with RNA and DNA genomes, 
displaying different host 
specificities. The most important 
viral diseases affecting farmed 
fish worldwide are caused by 
different genera, mostly within 
the families: Rhabdoviridae, 
Nodaviridae, Birnaviridae and 
Iridoviridae. 

Some of the most significant viral 
pathogens of fish are members 
of the family Rhabdoviridae, 
which are enveloped negative 
single-stranded RNA viruses. 
The diseases caused by 
those viruses are generally 
characterized as acute, 
hemorrhagic septicaemias 
affecting multiple organs. Two 
fish rhabdoviruses, Infectious 
haematopoietic necrosis virus 
(IHNV) and Viral haemorrhagic 
septicaemia (VHSV), have 
received special attention 
due to rapid progression of 
infection and high mortality, 
especially in farmed salmonids. 
Hirame rhabdovirus (HIRRV) 
is also another economically 

significant Rhabdovirus known 
to cause epidemics in farmed 
fish.

Nodaviridae, on the other 
hand, are a family of small 
nonenveloped, isometric 
riboviruses, with bipartite 
positive-sense RNA genomes. 
Piscine nodaviruses belong to 
the genus Betanodavirus, which 
are the causative agents of 
Nervous necrosis virus (NNV), a 
devastating neuropathological 
condition that causes high 
mortalities in a variety of 
cultured marine fish. 

Members of the Birnaviridae 
have single-shelled 
nonenveloped capsids and 
genomes comprising two 
segments of double-stranded 
RNA. This family is mostly 
represented by the Infectious 
Pancreatic Necrosis Virus 
(IPNV), an acute contagious 
systemic disease that causes 
gastroenteritis and destruction 
of the pancreas in several 
species of freshwater and 
marine fish.

Iridoviruses are large double-
stranded DNA viruses with an 
icosahedral capsid ranging 
from 120 to 350 nm in diameter. 
Members of the family 
Iridoviridae are an emerging 
group of viral pathogens 
that threaten the aquaculture 

industry, causing great 
economic losses throughout the 
world. Rock bream and Red sea 
bream iridovirus (RBIV and RSIV), 
as well as Infectious spleen and 
kidney necrosis virus (ISKNV) 
and Rana grylio virus (RGV), are 
some of the viral pathogens of 
fish caused by iridoviruses. 

Considering the substantial 
economic, social and 
environmental impact of 
emerging viral diseases in 
aquaculture, a considerable 
amount of research has been 
undertaken on viruses that 
cause economically important 
diseases. However, despite 
the amount of investigation 
undertaken, there are few 
vaccines available for the 
prevention of many piscine 
infectious diseases, especially 
those of viral origin. 

Therefore, a better 
understanding of viral 
replication mechanisms, as 
well as the determinants of 
virulence, is essential to assist 
on the development of effective 
prevention methods to inhibit 
virus replication in fish. 

RNAi as a therapeutic 
tool in crustaceans
The long dsRNAs are processed 

in cytoplasm by the Dicer-2 
RNase into siRNAs. The 
resulting siRNAs are taken 
up by the RNA-induced 
silencing complex (RISC). 
The duplexed siRNA which is 
bound to the Ago2 protein, the 
central component of RISC, is 
unwound, and the passenger 
strand rapidly dissociates. 
Finally, this complex is coupled 
to the target mRNA, based 
on specific complementary 
base-pairing, to induce 
endonucleolytic cleavage 
causing the degradation of 
mRNA molecules.

Disease Control 
Aquaculture, and more 
specifically the shrimp industry, 
is often faced with outbreaks 
of disease caused by bacteria 
and viruses. The discovery of 
RNAi has enabled studies on 
immune mechanisms and the 
function of genes involved in 
the process of fighting bacteria 
in shrimp species. Mechanisms 
that prevent bacteria from 
proliferation are believed to be 
related with prophenoloxidase. 
Knockdown of the inactive 
precursor of prophenoloxidase 
by RNAi resulted in a significantly 
increased bacterial load in M. 
japonicus. In another study, the 

QM gene from L. vannamei, 
encoding a tumour suppressor 
protein, was knocked down, 
resulting in a dramatic 
decrease in prophenoloxidase 
transcripts and activity in shrimp 
haemolymph, while the mortality 
was significantly increased in 
a bacterial challenge test with 
Vibrio anguillarum. 

Knockdown of p38 mitogen-
activated protein kinases in L. 
vannamei by RNAi resulted in a 
higher mortality of L. vannamei 
under Vibrio alginolyticus 
and Staphylococcus aureus 
infection, as well as a reduction 
in the expression of three 
genes, encoding antimicrobial 
peptides, namely PEN4, Crustin 
and ALF2. The expression of 
MjGal, encoding for a galectin 
of Marsupenaeus japonicus, 
was upregulated mostly in 
hemocytes and hepatopancreas 
tissue, and the protein was 
bound to both Gram-positive 
and Gram-negative bacteria. 
MjGal-silenced shrimp had 
significantly higher levels of 
bacteria in the haemolymph 
than the control shrimp, which 
confirmed that MjGal plays a 
key role in the shrimp defence 
against bacterial infections. 
Furthermore, the role of M. 
japonicus crustin such as 
peptide (MjCRS) was examined 
in vivo by RNAi, and this 
research suggested that MjCRS 
is involved in antibacterial 
defence and might not have 
a critical function against viral 
infections. 

Viral disease outbreaks are a major 
concern in the development 
of the shrimp aquaculture 
industry. Investigations into host–
pathogen interactions might give 
new insights to viral infectivity 
and defence mechanism. RNAi 
also has been widely used as a 
powerful tool in identifying the 
genes that participate in viral 
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infection as well as defence 
from the host. 

One of the potential antiviral 
therapeutics to be considered 
is using RNAi to inhibit the 
replication of the RNA viruses as 
well as DNA viruses by knocking 
down virus-specific genes or 
downregulating host genes that 
are related to viral replication 
mechanisms. Rab7, a small 
GTPase protein of P. monodon 
and L. vannamei, plays a role in 
vesicular transport during viral 
infection. Silencing of the gene 
encoding Rab7 dramatically 
inhibited the replication of 
WSSV, yellow head virus (YHV), 
LSNV and TSV in infected 
shrimp.

The direct targeting of viral 
genes also allows us to inhibit 
viral replication in the host. This 
strategy has been demonstrated 
for targeting different kinds of 
viral genes, such as the genes 
encoding for viral coat protein in 
WSSV and TSV, or viral enzymes 
such as RNA-dependent RNA 
polymerase in LSNV. RNAi has 
also been used successfully to 
inhibit the replication of YHV. 
These results showed that 
dsRNA targeting nonstructural 
genes (proteases, polymerases, 
helicases) can effectively inhibit 
the viral replication, while the 
targeted structural genes were 
the least effective. While the 
studies on the applicability of 
RNAi to control the virus were 
mostly conducted on a small 

scale, the success of these 
experiments clearly showed that 
RNAi has enormous potential in 
inhibiting the replication of the 
virus and improve the survival 
of shrimp. In fact, researchers in 
Thailand have been succeeded 
in using RNAi by oral delivery 
against WSSV infection in P. 
monodon, leading to reduced 
percentages in cumulative 
mortality and delayed average 
time of death.

Sex Control
Using RNAi for sex control of 
shrimp is a remarkably practical 
application in aquaculture. 
The giant freshwater prawn 
(Macrobrachium rosenbergii) 

Fig 3. Schematic representation of the siRNA pathway in Crustacea

is considered an important 
freshwater shrimp in many 
countries, and due to their 
bigger size and higher 
economic value, male prawns 
are preferred over females. In 
this species, the androgenic 
gland plays a role in male sex 
differentiation, where a specific 
gene, namely insulin-like AG 
(Mr-IAG), is highly expressed. 

In vivo silencing of Mr-IAG, 
by injecting the shrimp with 
Mr-IAG-specific dsRNA, at an 
early developmental stage of 
juvenile males induced a full 
and functional sex reversal 
of males into neo-females. 
Additionally, crossing neo-
females with untreated males 
produced all male progeny. 
These experiments show that 
we can use RNAi in controlling 
the sex of giant freshwater 
prawn without changing the 
genetic structure of animals 
and therefore without creating 
transgenic animal species.

Limitations to RNAi 
in aquaculture
In general limitation of RNAi, 
there is some disadvantages 

to using RNAi in aquacultured 
organisms. In the case of shrimp, 
which are mostly reared in fresh 
water ponds and tanks, attempts 
have been made to deliver 
RNAi by soaking the shrimp 
in solutions containing in-vitro 
synthesized RNAi precursors. 
However, this method has not 
fully successful because the 
half-life of RNAi is very short 
when administered in-vivo.

In fish, delivery of RNAi in feed is 
ideal; however, fishes are reared 
in net pens and cages, which 
can result in the accumulation 
of uneaten feed at the bottom 
of the pond/lake/ocean, 
making it available to non-
target organisms. In addition, 
this practice has already been 
shown not to be cost effective in 
open-water fish farms. The only 
effective treatment available for 
the disease is bathing the fish 
in freshwater, which involves 
transferring all the animals from 
a net pen into a freshwater-
containing canvas liner and, 
after a period of three hours, 
releasing them back into the 
underlying net pen. 

Despite its effectiveness, this 
procedure is not considered 
feasible because it is so time-
consuming and laborious that 

it accounts for up to 20% of 
the production cost. Another 
way to deliver the RNAi is to 
incorporate them into additives 
already used in the vaccines 
and antibiotics commonly 
administrated to fish, thus 
avoiding new costs. However, 
the possibility that components 
of these substances could 
interfere with the stability 
and effectiveness of the RNAi 
precursors may prevent the use 
of such delivery methods.

Therefore, the delivery and 
stabilization of RNAi are critical 
hurdles to overcome the 
development of RNAi-based 
drugs. Due attention should 
thus be paid in the design of 
RNAi-based therapy.

Conclusion
RNAi acts in nature as a 
defense against harmful nucleic 
acids such as endogenous 
transposons and exogenous 
viruses. RNAi-based therapies 
might prove to be effective 
against viral infections. However, 
cellular delivery and stability are 
major hurdles to overcome the 
development of RNAi-based 
drugs. 

Effective gene silencing 
depends on the biochemical 

activity as well as the charge 
of these nucleic acid drugs. In 
addition, the effectiveness of 
RNAi-based drugs depends on 
the delivery route, choice of 
target gene, target pathogen, 
and target tissue. Before RNAi 
based drugs find practical 
applications in the management 
of viral diseases in aquaculture, 
multiple issues must be 
addressed, including their 
impact on the environment, 
cost, and a deep understanding 
of RNAi at the molecular level. 
Despite these hurdles, RNAi 
provides the best opportunity 
for developing exciting new 
therapeutic approaches to 
the treatment of viral diseases 
affecting aquaculture.

Although RNAi has been 
successful against all major 
viruses known to affect 
aquaculture, the delivery and 
stability of these nucleic-acid 
based drugs in target cells 
remain important obstacles 
to the actual use of RNAi in 
the aquaculture industry. 
Future studies should focus on 
increasing the stability of siRNA 
in aquatic animals.

(The authors are working at Dr. 
MGR. Fisheries College and 
Research Institute, Tamil Nadu.
Views expressed are personal.) 
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Introduction
North-East India, comprising 
of 8 states, i.e., Assam, Sikkim, 
Meghalaya, Tripura, Manipur, 
Arunachal Pradesh, Nagaland, 
Mizoram, is a region with 
rich biological diversity. The 
prosperous bio-diversity of 
this region can be attributed 
to its geomorphology and the 
collision of the Indo-Chinese and 
Myanmar plates, which helps in 
the formation of Himalayas & 
Indo-Burman ranges1.

This region is one of the 12 
mega biodiversity rich zones 
of the world and a part of the 
Indo-Burma Hotspot, which is 
one amongst the 34 biodiversity 
hotspots of the world, is home 
to various endemic aquatic 
biota such as Aborichthys, 
Akysis,   Badis,  Bangana,  Chaca,  
Conta, Erethistoides, Erethistis, 
Exostoma, Myerglanis, Olyra, 
Parachiloglanis, Pareuchiloglanis, 

Pseudecheneis, Pseudolaguvia 
etc. Unfortunately, many of these 
species are threatened now due 
to the natural and anthropogenic 
hazards.

Fish diversity, fishery 
resources and their 
management
In total, there are 422 species 
of fish belonging to 133 genera 
and 38 families from NE India, 
which represents food fish, 
ornamental fish, recreational, 
and sport fish1. Cyprinidae family 
has the largest diversity among the 
north-east fishes consisting of 154 
species. Hillstream fishes such as 
Psilorhynchus, Garra, Glyptothorax, 
Pseudocheineis, Pseudolaguvia, 
Myerglanis, Exostoma, Erethistes, 
Parachiloglanis, Pareuchiloglanis, 
etc. with the most remarkable 
adaptations are found in this 
region. The other families 

found in this region include 
Anguillidae, Engraulidae, 
Heteropneustidae, Chacidae, 
Aplocheilidae, Syngnathidae, 
Sciaenidae, Osphronemidae, 
Ophichthidae, Pristigastiridae, 
and Tetraodontidae. Estuarine 
fishes such as Tenualosa ilisha, 
Rhinomugil corsula, Johnius 
coitor are also can be observed 
during their migration to the 
Brahmaputra river system 
for breeding. Further, the 
occurrence of the unique pipe 
fish Microphis deocata of the 
family Syngnathidae, which 
usually occurs in the marine 
environment, is also reported in 
this region.

Exotic species such as Cyprinus 
carpio, Ctenopharyngodon 
idella,   Puntius gonionotus, 
Hypophthalmichthys molitrix, 
Hypophthalmichthy nobilis, 
Oreochromis mossambicus, 
etc. have invaded the natural 
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water bodies, and their culture 
in ponds commercially has 
been practiced. The intrusion 
of  C. gariepinus, Piatractus 
brachypomus (locally called 
Pacu or Rupchada) in different 
wetlands, river tributaries, and 
river systems have emerged as 
a serious matter of concern. A 
complete database of species 
available in this region is lacking 
due to difficulty in accessing 
because of topography, 
terrain features, inaccessibility, 
and lack of proper language 
communication. To take up 
a successful conservation 
program, correct identification 
of species, an evaluation of the 
degree of threats to species 
available in this region is 
essential.

NE region is bestowed with vast 
water resources in the form of 
torrential hill streams, rivers, 
lakes, floodplain wetlands, 
reservoirs, mini-barrages, etc. 
which can be substantially 
utilized for fisheries and 
aquaculture purposes and 
provide ample scope for 
fisheries development in this 
region. The floodplain wetlands 
(Beels) of Assam support 
many species of resident and 

migratory waterfowls, air-
breathing, insectivorous, and 
other economic sized fishes. 
However, due to the diversion 
of river courses, siltation, 
habitat destruction, macrophyte 
infestation, change in the water 
regime of the floodplains 
occurred, which significantly 
reduced the productivity of 
such ecosystems. If scientifically 
managed, fish production 
in such ecosystems can be 
enhanced significantly.

The Loktak lake of Manipur is 
the largest freshwater lake in NE 
India and the only floating lake 
in the world acts as a source of 
livelihood for people residing in 
and around the lake. Although 
the culture of freshwater fishes 
in cages has been initiated in this 
region recently, mostly capture-
based fisheries practices are 
carried out. However, lack of 
proper management measures 
for the lake, almost no fishing 
ban season, the proliferation 
of Phumdis, construction of 
Ithai barrage, etc. have resulted 
in declined productivity of 
the lake4. The reports of the 
disappearance of indigenous 
fishes previously present in 
the lake are a serious matter of 

concern. For the conservation, 
development, improvement 
of the lake environment, 
the Government of Manipur 
established the Loktak 
Development Authority5.

Ornamental fishery
NE India is also home for en-
demic ornamental fishes, and at 
least 250 species of fish have viv-
id ornamental value. The major-
ity of these fishes marketed are 
wild-caught, and about 85 % of 
the ornamental fish export from 
India is from the NE region. The 
endemic ornamental fishes such 
as Channa spp., Trichogaster 
spp., Nandus spp., Lepidoceph-
alus spp., Amblypharyngodon 
spp.,Acanthopthalmuspangia, 
Balitorabrucei, B. tileo, Bata-
siotengana, Erethistespussilus, 
etc. are of good demand6. Lack 
of standardized breeding tech-
nology for the indigenous or-
namental fishes has led to their 
overexploitation in the wild. Fur-
thermore, various natural and 
anthropogenic factors like the 
construction of dams on river 
systems, which leads to the dis-
ruption in water flow and water 
exchange along with climate 
change factors, have caused a 
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threat to the endemic fish pop-
ulation. The current status of the 
fish species is needed to be sur-
veyed and evaluated for their 
conservation and for develop-
ing conservation strategies.

Recreational fishery
Owing to the immense, 
untapped, pristine aquatic 
resources in the form of rivers, 
streams, and lakes, Northeast 
India offers a tremendous 
opportunity for recreational/ 
sports fishery and eco-tourism. 
The NE being home to various 
game fishes like mahseer, trout, 
snow trout, carps, catfishes, 
featherbacks, and other fishes, 
attracts anglers from all over 
the country, and they are highly 
interested in this region. 

They employ various methods 
to catch fish such as fly fishing, 
spoon fishing, bait casting 
for mahseers; noose and line 
method for capturing snow 
trout; traps (Seppa), lift nets 
(Porongijal), pole and line 
(Boroxi), drift lines (Nolboroxi) 
and plunge baskets (Polo, 
Juluki), etc. in the Brahmaputra 
drainage and floodplain 
wetlands. Angling Competitions 
and expeditions are conducted 
regularly, based on the principles 
and guidelines of catch and 
release of the state of Arunachal 
Pradesh7. Stocking of seeds, 
establishing trout hatcheries, 
construction of trout raceways 
to expand trout fisheries has 
also been done in various states 
of NE India in recent years. 
Various angling associations 
(The Assam Bhoreli Angling 
and Conservation Association; 
Anglers Association Nagaland, 
etc.) are being formed to 
popularize sport fishing and to 
create awareness to conserve 
and preserve endemic and 
indigenous fishes.

Fish production
More than 90% of the 
population in North East India 
are fish eaters, while most of the 
time, the demand exceeds the 
supply. The total fish production 
from NE states was 4.11 lakh 
tons during 2015-2016, of which 
Assam contributes the major 
share, followed by Tripura and 
other states8. On an average, 
0.214 million tons of fish are 
produced annually from this 
region, of which 50% comes from 
aquaculture. According to an 
estimate, 6 kg of fish is available 
per person per year, while the 
quantity to meet the nutritional 
requirement is assumed to be 
11 kg per person9. Among the 
NE states, the highest per capita 
fish consumption was reported 
in Tripura.

NE region contributes only 
5.9% to the Indian fishery 
sector (DAHDF,2014). Indian 
major carps and Chinese carps 
are major species cultured, 
mainly in composite fish culture 
practice, while other species 
being cultivated include Pengba 
(Osteobramabelangiri- state fish 
of Manipur), Ompoksps, minor 
and medium carps, and other 
fish. Fish seeds are produced 
mainly using the traditional 
“hapa” breeding technique. For 
large scale production of seed, 
Chinese circular ecohatchery is 
used, and at times IMC seeds 
used in culture are procured 
from West Bengal. Integrated 
fish farming such as paddy-
cum-fish culture, pig-cum-
fish culture,poultry-cum- fish 
culture, etc.is being practiced 
in the state of Manipur, Tripura, 
Nagaland, and Arunachal 
Pradesh. Culture potential 
and breeding technique of 
indigenous fish species such as 
Puntius gonionatus, L.gonius, 
P.sarana, O. belangiri by using 
inducing agents and hormones 
have been realized.

Challenges, 
constraints, and 
future directions
Since the majority of the 
people in NE states consume 
fish and to meet their demand, 
fishes are imported from 
other parts like West Bengal, 
Andhra Pradesh, Bangladesh, 
Myanmar, etc. Though the 
NE region has the utmost 
potential for development, it 
is not properly understood 
and realized. Expansion of 
aquaculture vertically as well 
as horizontally, diversification 
of fish species being cultured, 
pen and cage culture practices 
in the floodplain wetlands, 
utilizing low-lying waterlogged 
areas for the culture of air-
breathing fishes, and adopting 
periphyton- based aquaculture 
system may help in boosting the 
fish production and meeting the 
demand for food fishes.

The illegal introduction of 
exotic fishes by fish farmers 
have caused several ecological 
impacts and is threatening the 
local fish population. Exotic 
species such as Pangasiussutchi, 
O.niloticus, hybrid catfishes 
like Clarius gariepinus, and 
C.macrocephalus  have already 
invaded the natural ecosystem 
and are now becoming very 
popular among farmers.

Besides, one of the major 
constraints in enhancing fish 
production in the NE region is 
the lack of good quality seed. 
Other constraints include 
lack of proper transportation 
facilities, infrastructure 
facilities, inadequate transfer 
of technologies, lack of active 
extension personnel, etc.
(The authors are  Post Graduated  
from Indian Council of Agricultural 
Research (ICAR) – Central Institute of 
Fisheries Education, Mumbai. Views 
expressed are personal.)
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Health benefits of 
eating fish

Fish is used in many developing 
countries as a primary source 
of protein. As per FAO’s latest 
estimates (SOFIA, 2020), fish 
accounted for about 17% 
of total animal protein and 
7% of all proteins consumed 
globally in 2017. Moreover, 
fish provided nearly 3.3 billion 
people with almost 20% of 
their average per capita intake 
of animal protein with some 
countries like Bangladesh, 
Cambodia, Ghana, Indonesia, 

Sierra Leone, etc.,having 50% or 
more contribution of fish in total 
animal protein intake. 

Research suggests that the 
nutritional offerings of fish go 
beyond merely providing a 
source of calories and protein. 
Fish is a valuable source of fatty 
acids (including the omega-3 
polyunsaturated fatty acids (n-3 
FAs), micronutrients (P, I, Zn, Fe, 
and Se) vitamins (D, A, and B) 
with variations among species 
due to habitat, trophic level, 

diet, etc. Overall, it is evident 
that embracing fish in the diet 
chart is linked to several health 
benefits.

Food for heart
The consumption of fish or fish 
oil is associated with benefits 
to coronary health attributed 
to the presence of long-chain 
n-3 FAs,docosahexaenoic acid  
(DHA), and eicosapentaenoic 
acid (EPA). Numerous trials 
across the globe have shown that 
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Fish plays a significant role in healthy and balanced diet. Its intake has a lot 
of health benefits. Fish provides various nutrients, including protein and long-
chain omega-3 polyunsaturated fatty acids and micronutrients.
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nearly half of RDA.

Growth food
The energy content of raw fish 
varies significantly from 80 
kcal/100g for cod to 220 kcal/ 
100g for mackerel with variations 
mainly due to the varying fat 
content between different 
species and the cooking 
method. On average, fish and 
fishery products contribute ~3% 
of total energy intake for adults 
aged 19-64 years and 2% of 
total energy intake in children 
aged 4-18 years in the United 
Kingdom. Fish is also a valuable 
source of protein, containing 
18-20% of protein on a fresh 
weight basis and contains 
all the essential amino acids, 
including sulfur-containing 
Lysine, Methionine, and Cystine. 
Dietary protein is critical for 
the growth, maintenance, and 
repair of body tissue, including 
muscle and bone, and can also 
provide energy.

Fish for easy 
breathing
Omega-3 fatty acids (n-3 FAs), 
EPA and DHA, are found naturally 
in fish oil and are commonly 
thought to be anti-inflammatory 
nutrients, with protective effects 
in inflammatory diseases 
including asthma, COPD, 
inflammatory bowel disease, and 
allergies. Asthma is a common 
respiratory ailment affecting 
300 million people worldwide. 
Inhaled corticosteroids are 
an established treatment, but 
5-10% of asthma patients are 
resistant to this therapy, leading 
to difficulties managing the 
disease. 

Several epidemiological and 
observational studies strongly 
support the efficacy of n-3 FAs in 
the prevention or amelioration 
of asthma and allergic diseases. 
They function as precursors 
for bioactive molecules called 
resolvins, protectins, and 

maresins potentially considered 
the next-generation therapeutic 
targets for allergic diseases.

Improving memory 
power
Lifestyle factors affect a variety 
of body systems and can have 
long-term effects on the health 
of the citizenry. The n-3 FA, DHA, 
which humans mostly attain 
from dietary fish, affect synaptic 
function and cognitive abilities. 
It is crucial for maintaining 
membrane integrity as it 
constitutes >30% of the total 
phospholipid composition 
of plasma membranes in the 
brain, optimizing membrane 
permeability to cations and 
neurotrophic factors. These 
factors promote neuronal 
growth and metabolism in 
the hippocampus, the area of 
the brain involved in explicit 
memory. Weekly consumption 
of fish is positively associated 
with grey matter volumes in 
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moderate fish oil consumption 
decreases the risk of most 
important cardiovascular 
events, such as sudden cardiac 
death, myocardial infarction, 
coronary heart disease, atrial 
fibrillation, death in patients with 
heart failure. Studies suggest a 
36% reduction in heart disease 
and heart attacks and a 12% 
reduction in mortality from 
all causes upon optimal fish 
consumption.

Food for brain
Fish is an essential source of n-3 
FAs present in the membranes 
of the human brain tissue and 
are protective factors in the 
nervous system. Fish and fishery 
products are recommended 
as dietary sources because fish 
consumption is associated with 
a reduced risk of dementia and 
other cognitive disorders like 
mild cognitive impairment in 
older people. Multiple studies 
together indicate that maternal 
intake of DHA is beneficial 
for early neurodevelopment 
during pregnancy and 
behavioral attention scores, 

visual recognition memory, and 
language comprehension in 
infancy.

Food for all ages
Fish is deemed as one of 
the best foods for kids and 
convalescents owing to a 
range of micronutrientsthat 
it is a ‘source of’ or ‘high in’ 
(consistingof 15% or 30% of the 
recommended daily allowance 
(RDA)). Micronutrients in fish are 
highly bioavailable and can lead 
to a variety of health benefits.

Fish, especially oily fish, is a rich 
source of vitamins. Vitamin D is 
present in fish liver and oils,the 
richest source in nature. The role 
of vitamin D in the development 
andmaintenance of bone is well 
established. Fish also contains 
several B-vitamins, including 
vitamins B12 (serves as a cofactor 
for many enzymes), B6 (involved 
in energy-yielding metabolism), 
and niacin (engaged in the 
normal functioning of the 
nervous system). The fresh fish 
also contains a small amount of 
Vitamin C, essential for proper 

healing of wounds and normal 
health of the body. 

Zinc (Zn) is required for most 
body processes as it works 
in combination with proteins 
and enzymes needed for 
metabolism. Generally, high-
protein foods like meat, fish, 
etc.contain a high amount of Zn 
also, which is readily absorbed 
from these sources.Oysters 
are ‘high in’zinc along with oily 
fish and other seafood. Iodine 
(I) is an essential component 
of the thyroid hormones, 
vital regulators of metabolic 
rate, and physical and mental 
development. A 100g portion of 
some common marine fish like 
mackerel, haddock, etc. could 
provide all the requirements of 
iodine for the day. Fish contains 
selenium (Se), which protects 
the body against oxidative 
damage as it is the component 
of necessary antioxidant 
enzymes (e.g., glutathione 
peroxidase). Tuna, salmon, 
sardines, cod, prawns, etc. 
are ‘high in’selenium. A 100g 
portion of baked cod could 
provide ~34µg of selenium, 
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A national webinar on “New 
Trends in Aquaculture’ was 
held  to deliberate on the 
challenges and opportunities 
for adopting new technologies 
in aquaculture sector and 
the government schemes to 
support the entrepreneurs and 
farmers.

Delivering the inaugural 
address, Dr Joykrushna Jena, 
Deputy Director General, Indian 
Council of Agricultural Research 
(ICAR), Government of India 

said, “It is the need of the time 
the research institutes should 
create certified trainers for 
capacity building of farmers and 
entrepreneurs for handling new 
technologies in aquaculture 
sector”.

Sagar Mehra, Joint Secretary, 
Ministry of Fisheries said, 
“The government aims for the 
inclusive development of the 
fisheries sector. There are a lot 
of opportunities for farmers 
and entrepreneurs for availing 
the schemes under the Pradhan 

Mantri Matsya Sampada Yojana. 
They can apply for the schemes 
directly through the State 
government. Similarly, there are 
credit facilities for developing 
infrastructure under the FIDF.”

Dr Akshya Panigrahi, Principal 
Scientist, ICAR-CIBA spoke 
about the environment friendly 
biofloc aquaculture and the 
need of training to farmers and 
entrepreneurs.

Among other speakers, Pranav 
Rachh, Technical and Marketing 
Head, AirOxi, Sunandan 
Mukherjee, Co-founder, Brickcells 
Technologies and Prantik Sinha, 
Founder, Agastya Buoyant 
spoke about the new trends in 
water aeration and probiotics.

The programme was organized 
by SMART AGRIPOST in 
association with KISANFLEX. 
More than 800 people had 
registered for participation in 
this webinar. Pravash Pradhan, 
Chief Editor of SMART 
AGRIPOST had welcomed the 
guests and participants.

A two days international webinar 
on “Exploring the impact of 
COVID-19 on the ecosystem 
health of rivers and its dolphin 
population: Present status and 
future strategy for conservation 
in India-Bangladesh-Myanmar-
Nepal” was held on 24th-
25thAugust 2020. It was 
inaugurated by Rajiv Ranjan 
Mishra, Special Secretary and 
Director General, National 
Mission of Clean Ganga 
(NMCG), Ministry of Jalashakti, 
Government of India.

A national webinar on new trends in 
aquaculture held

Discussions on conservation of river dolphins in 
South East Asia held

SNIPPETSSMART AGRIPOST - FISHERIES EDITIONHEALTHY FISH INTAKESMART AGRIPOST - FISHERIES

the hippocampus, precuneus, 
posterior cingulate, and orbital 
frontal cortex of the human 
brain.

Fish forlustrous and 
gleaming skin
Intake of n-3 FAs from fish also 
slows down the biological 
clock. Studies suggest an 
inverse correlation between the 
blood levels of omega-3 fats 
and the telomere shortening 
(biological age), allowing 
people to live longer and 

healthy. Fish consumption 
reduces photoaging (anti-
photoaging effect of n-3 FAs) 
and other adverse effects on the 
skin by repeated ultraviolet (UV) 
exposure from sunlight. 

These fatty acids are also a 
part of some skin creams 
for cosmetic purposes. 
Additionally, a polyunsaturated 
hydrocarbon, namely Squalene, 
can be found in certain fish oils, 
especially shark liver oil, in high 
amounts and some vegetable 
oils in relatively smaller 

quantities. It is considered an 
important substance in practical 
and clinical uses with massive 
potential in the nutraceutical 
and pharmaceutical industries. 
Several studies have exhibited 
results that prove certain 
bioactivities of Squalene like 
anticancer, antioxidant, drug 
carrier, detoxifier, skin hydrating, 
and emollient effects.

Conclusion
It is evident that fish contributes 
more to people’s diets than 
just the high-quality protein 
they are so well known for. A 
dietary approach to increasing 
omega-3 fatty acid intake could 
tremendously benefit people’s 
health, especially children. Fish 
should therefore be an integral 
part of the diet, preventing 
malnutrition by making these 
macros- and micronutrients 
readily available to the body.

(The authors are research scholars 
at ICAR-Central Institute of Fisheries 
Education, Mumbai, India. Views 
expressed are personal.)
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Indian Bank offers new loan scheme for TN fishermen

SNIPPETS

Public sector Indian Bank 
recently unveiled a new Kisan 
Credit Card loan scheme 
for fishermen in Tamil Nadu, 
offering a revolving credit of 
upto Rs two lakh.

The loan would be provided at 
seven per cent interest rate with 

an interest subvention of three 
per cent to those who repay the 
loan within a period of one year, 
the city- headquartered bank 
said in a statement.

A RUPAY Kisan Credit Card 
would be issued to customers 
for the loan provided under the 

Centre’s MUDRA scheme.

To avail the bank’s services, 
fishermen need to submit 
their applications through the 
department of fisheries, along 
with details of the mechanized 
boat, it said. 
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This webinar aims at the 
conservation of river dolphins 
in the South East Asian region 
through regional strategy and 
partnership. Experts on dolphins 
from various countries viz. India, 
Nepal, Myanmar, Bangladesh 
and Indonesia are participating 
and share their experience 
in this Webinar. More than 
1000 participants from various 
Research Organizations, 
Colleges, Universities of 
India and other countries had 
participated in this webinar.

River dolphins are indicators 
of riverine ecosystem health 
and the populations are 
declining day by day due 
to various anthropogenic 
activities. Dolphin population 
is also an indicator for fisheries 
development in the riverine 
ecosystem.

The indiscriminant and illegal 
fishing has resulted in catching 
juvenile fishes and accidental/
illegal catching of dolphins from 
inland waters. The lessening 
of this IUCN listed threatened 
species plays a crucial role in 
the fisheries development of 
the rivers.

Dr. B. K. Das, Director, 
ICAR-CIFRI in his welcome 
address emphasized that 
the representatives from 
Bangladesh, India, Myanmar, 
Nepal and Indonesia would 
deliberate on the dolphin 
conservation in the South East 
Asian Regional Countries and 
strengthen the Hon’ble Prime 
Minister flagship project river 
dolphin. 

Dr. J. K. Jena, DDG (Fisheries 
Science), ICAR in his address 

discussed about the river 
Dolphin status in India. He 
said that two of ICAR fisheries 
institutes are working on 
dolphin conservation, ICAR-
CIFRI, Barrackpore on the river 
dolphin and ICAR-CMFRI, 
Kochi on the mammals of the 
Indian Ocean including marine 
dolphins. He hoped that this 
webinar deliberation will come 
out with recommendation for 
conservation of River dolphins.

Prof. A. P. Sharma, Ex Director 
ICAR-CIFRI, Barrackpore in his 
address, stressed on the role 
of river habitat on the dolphin 
population in the rivers. He 
suggested more research 
needed to be taken up for 
conservation of dolphin habitat 
restoration and also on the 
impact of pollutants on dolphin 
population.
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Processing / Preservation / Packaging techniques
Value added products / by-products
Cost e�ective processing machineries
Health Care / Aquaceuticals

Novel technologies for harvest & post harvest sectors
New product formulation/ technology upscaling
Setting up of production lines/food processing units
Designing and equipping laboratories
NABL accreditation / HACCP Certi�cation
Analytical services
Human resource development

The Agri-Business Incubation Centre at ICAR-CIFT, 
Kochi provides an array of services to entrepreneurs, in 
the form of technology transfer / professional service 
functions, o�ce space, certi�ed state-of-the-art pilot 
level production facility, on-site guidance and               
specialized trainings to support and accelerate the 
growth of new businesses.

Founded in 1957, ICAR - CIFT has proven its excellence in the development of �shing and �sh processing           
technologies. During the last 63 years, ICAR-CIFT has made commendable scienti�c contributions in the 
�elds of �sh harvesting, processing, packaging, seafood safety, aquaceuticals, biotechnological applications, 
engineering and policy interventions. The Institute is renowned for its high caliber and innovative research 
activities, trainings, partnerships and entrepreneurship promotion. It has vibrant research environment and 
is the only National Centre in the country where research in all disciplines relating to harvest and post-          
harvest is undertaken.    

RANGE OF TECHNOLOGIES SERVICES OFFERED

ISO/IEC 17025:2017 NABL Accredited & ISO 9001: 2015 certified Institute




