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Aquaculture is considered to 
be a high investment and high-
risk food farming system and 
as such deserves the provision 
of insurance on a top priority 
basis. Insurance will not only 
compensate the financial losses 
to aquaculture producers and 
farmers but also benefit all 
stakeholders including insurers 
and the government. 

Hardly three to four percent of 
world’s fish farmers are currently 
insured, thus offering a great 
growth opportunity to the 
aquaculture insurance sector. 
Whether it is the outbreak of 
disease, or epizootics, technical 
failure leading to environmental 
deterioration of the aquatic 
medium or extreme weather 
events, pollution and natural 
calamities such as drought and 
flood, the fish farmers suffer 
financial losses because of the 
stock mortality or damage of the 
aquaculture facilities.

During the lockdown period, 
several shrimp farmers reported 
occurrence of diseases and 
environmental deterioration due 
timely unavailability of technical 
advice, thus resulting in huge 
financial losses due to panic 
harvest. Such incidents call for 
urgent attention of the policy 
makers to consider the provision 
of insurance in the aquaculture as 
prevalent in agriculture sector. 

Importantly, more than 50% 
fish production comes from 
aquaculture sources. With 
depletion of natural fish stocks 
in the sea, rivers, lakes and 
floodplains, the requirement 
of fish is being met through 
aquaculture across the world. aquapostnews@gmail.com

According to a FAO report 
(2018), aquaculture- the farming 
of aquatic organisms, including 
fish, molluscs, crustaceans and 
aquatic plants- supplies about 
80 million tonnes of food fish 
each year, which is 53 per cent 
of the total food fish consumed 
globally. 

The announcement of investment 
of Rs20050 crores under the 
Pradhan Mantri Matsya Sampda 
Yojana (PMMSY) in India will 
further boost the development of 
aquaculture sector in the country. 

Increasing the access of small 
and medium farmers to insurance 
will benefit all stakeholders- 
fish farmers, insurers, the 
governments and other players in 
the value chain. Insurance helps 
farmers recover quickly from 
disaster, forestalling costly post-
disaster public compensation 
which is a strain on government 
exchequer. It also enables farmers 
to recover quickly from the impact 
of risk, shortens the disruption of 
activities along the entire value 
chain, and encourages farmers to 
adopt best aquaculture practices.

However, challenges are many. 
Aquaculture insurance is available 
to most farmers in Europe, North 
America and Oceania while the 
majority of the farmers in Asia, 
Africa and Latin America have no 
access to aquaculture insurance. 
Like other industries, aquaculture 
farmers have many insurable 
interests like equipment, 
structures, employment and 
protection against accident and 
loss of life. However, it is more 
challenging when it comes to 
‘stock’. Aquaculture stock unlike 
crop or livestock farming grows 

Aquaculture insurance to 
minimize farmers’ risk

under water where it remains out 
of sight. Thus, aquaculture stock 
is subject to a unique set of risks 
and hazards, unlike any other 
food farming sector. It is difficult 
to assess or precisely estimate 
fish or shrimp stocks in the water. 
Except for some farm assets such 
as cages, hatchery, storerooms 
and farm equipment, the water 
body structures or ponds used 
for rearing species cannot be 
classified as building. So property 
insurance cannot be extended 
as risk cover. The small farmers 
operate using shared water 
resources and leased open-water 
bodies and the legality of the 
operation can be contested. 

Thus, it is critically important 
for the government and 
other institutions including 
cooperatives and farmers’ 
associations to come forward 
to increase the penetration 
of insurance in aquaculture 
sub-sector, especially in India. 
The insurance services can be 
delivered through application 
of technology, policy and 
legislation, by helping to meet 
related information needs and 
building understanding and 
awareness of insurance as 
safety net for aquaculture, by 
testing, piloting and promoting 
innovative delivery models 
and products. The commercial 
insurance companies should 
work with the local government, 
fishery administrative agencies 
and fisheries cooperatives 
or FPOs in the provision of 
aquaculture insurance. 
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Introduction
The shrimp industry has been 
affected by several diseases 
in the last three decades, 
which caused serve serious 
economic losses and affected 
the production level in some 
countries. Diseases include 
viral (WSSV, TSV, YHV) bacterial 
(luminous vibriosis, AHPND), 
and parasitic (EHP) diseases. 
Infection with shrimp Decapod 
Iridescent Virus (DIV1) is a 
highly pathogenic emerging 
disease reported recently from 
China. This infection is also 
known as Shrimp haemocyte 
iridescent virus and Cherax 
quadricarinatus iridovirus. 

DIV1 infection was first 
identified associated with mass 
mortalities of crayfish in 2014 
(Xu et al., 2016). Frequently 
this infection has been 

reported in any crustaceans like 
oriental prawn, Exopalaemon 
carinicauda (Chen et al., 
2019) and freshwater prawns 
Macrobrachium rosenbergii 
(Qiu et al., 2019). Recently, 
Decapod iridescent virus (DIV1) 
was detected in diseased 
cultured Penaeus vannamei in 
Zhejiang Province from China, 
which cause  huge economic 
losses (Qiu et al., 2017).   Since 
2014, DIV1 infection has been 
causing mass mortalities to 
reach up to 80 % in farmed 
Macrobrachium rosenbergii 
and Penaeus vannamei in China. 
Few reports also suggest the 
presence of this virus in shrimp 
farms in Thailand. At present, the 
name, Decapod iridescent virus- 
1 (DIV1) is widely accepted, and 
the disease is being reviewed 
by the OIE.

Causative agent of 
DIV1 infection
The family of Iridoviridae 
consists of large icosahedral 
viruses with diameters in the 
range from 120 to 300nm. The 
virion core consists of a single 
linear double-stranded DNA 
(dsDNA) molecule of 140–303 
kbp, a value that includes 
both unique and terminally 
redundant sequences. The 
family Iridoviridae consists of 
nucleocytoplasmic large dsDNA 
viruses (NCLDVs) that can be 
classified into five genera: 
Ranavirus, Lymphocystivirus, 
Megalocytivirus, Iridovirus, and 
Chloriridovirus (Chinchar et al., 
2017). Among them two genera 
of Iridovirus and Chloriridovirus 
infect only invertebrate, while 
the other three genera namely 
Ranavirus, Megalocytivirus, 

DIV1- an emerging viral 
disease in shrimp farming
Dr. D. Kaviarasu, C. Sudhan, A. Rathipriya and M. Selvamageshwaran

COVER STORYSMART AGRIPOST - FISHERIES COVER STORYSMART AGRIPOST - FISHERIES

and Lymphocystivirus infect 
that cold-blooded vertebrate 
(Chinchar et al., 2009). 

The  genome of Decapod 
iridescent virus 1 consists of 
large non-enveloped dsDNA 
having icosahedral symmetry 
and 158 nm diameter. The 
dsDNA genome size range is 
166 Kbp.  Decapod iridoviruses 
are large viruses that infect 
crustaceans and crayfish. 

DIV1 reported for crustaceans, 
two isolates of the species have 
been reported, one from shrimp 
(Penaeus vannamei, Shrimp 
Hemocyte Iridescent Virus, 
SHIV) and the other from the 
redclaw crayfish (Cherax quad-
ricarinatus, Cherax quadricari-
natus iridovirus, CQIV). Recently 
the addition of the new species 
of Decapod iridescent virus 1 
(with two isolates SHIV 2014 
and 2015), and CQIV CN01, 

and they are grouped under a 
new genus Decapod iridovirus 
a member of the sub-family Be-
ta-iridovirinae under iridoviri-
dae, which has been approved 
by   International Committee on 
Taxonomy of Viruses (ICTV) ap-
proved in 2019. 

Host range and 
geographical 
distribution
DIV1 infects all stages of 
shrimps including postlarvae, 
juveniles, and adults and has 
been observed to affect the 
Pacific white shrimp, giant 
freshwater prawn, and crayfish. 
This DIV1 infection mainly 
occurs in low-temperature 
seasons. The host range of DIV1 
includes Pacific white shrimp 
(Penaeus vannamei), freshwater 
prawns (Macrobrachium 
rosenbergii), ridge tail 

white shrimp (Exopalaemon 
carinicauda), Macrobrachium 
nipponense, Chinese white 
shrimp (Penaeus chinensis), red 
swamp crawfish (Procambarus 
clarkii) and red claw crayfish 
Cherax quadricarinatus). While 
crab species like mitten crab 
(Eriocheir sinensis) and striped 
shore crab (Pachygrapsus 
crassipes) susceptible to DIV1 
by experimental infection, 

DIV1 infection causes 
several gross signs which 
include empty stomach and 
guts, softshell, mutilated 
antennae, fading colour, 
and slightly reddish body 
colour in around one third 
of affected shrimp. Whitish 
to yellowish coloured head 
because of pale atrophied 
hepatopancreas. 

Fig.1 Gross clinical signs of DIV-1 infection in freshwater prawn, M. rosenbergii (A); cephalothorax showing whitish area under the cuticle at the 
base of rostrum (B). White arrows indicate hepatopancreas atrophy, colour fading and yellowing. (Source: Qiu et al., 2019)
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which crabs not identified as 
susceptible species.

Since 2014, DIV1 infection has 
been reported in some coastal 
provinces of China (Qiu et al., 
2017). Then this virus has been 
reported from Thailand at very 
low prevalence conditions, 
but this is yet to be officially 
confirmed by Ramsden & 
Smith, 2018. Recently, DIV1 the 
infection has been detected in 
wild Penaeus monodon from 
the Indian Ocean (Srisala et al., 
2020).

Transmission 
mechanism
The transmission of the disease 
is horizontally through the can-
nibalism of infected shrimp 
or direct contact with infected 
faeces. DIV1 has a wide range 
of susceptible hosts, which can 
be transmitted between cul-
tured and wild crustaceans. Ex-
perimental transmission of this 
virus has been demonstrated 
in Penaeus vannamei, Cherax 
quadricarinatus and Procamba-
rus clarkia via different methods 
including oral, reverse gavage 
and inter-muscular injection. 
While Chinese white shrimp (Pe-
naeus chinensis), Macrobrachi-
um superbum and Cladocerans 
(water fleas, Order Cladocera) 
act as potential carriers of SHIV. 
Therefore, polyculture of related 
cultured species such as Penae-
us vannamei, Macrobrachium 

rosenbergii and Penaeus clarkii 
serve a serious risk of pathogen 
transmission. This pathogenic 
viral agent possibility to transmit 
across the countries through in-
ternational trade of aquatic an-
imals, aquatic animal products, 
vectors or fomites is possible.

Clinical signs of the 
disease
DIV1 infection causes several 
gross signs which include 
empty stomach and guts, 
softshell, mutilated antennae, 
fading colour, and slightly 
reddish body colour in around 
one third of affected shrimp. 
Whitish to yellowish coloured 
head because of pale atrophied 
hepatopancreas. 

The infected shrimp become 
lethargic, cease to feed, followed 
by mass mortalities. Unusually 
mass mortality reaching up to 
80% occur within one to two 
weeks after the onset of infection 
in farmed shrimp; diseased 
shrimp sink to the bottom of 
the pond. This disease occurs 
in Macrobrachium rosenbergii 
called  “white head”, in China, 
while infected prawns exhibit 
a typical white triangle under 
the carapace at the base of the 
rostrum and yellow gills (Fig.1).

Diagnosis and 
control measures
The preliminary diagnosis is 
based on clinical signs and for 
confirmatory diagnosis which 
includes histological, In situ 
hybridization (ISH) (Qiu et al., 
2017), PCR (Xu et al., 2016), 
nested-PCR (Qiu et al., 2017), 
two TaqMan probe based real-
time PCR tests (Qiu et al., 2020), 
and in situ DIG-labelling-loop-
mediated DNA Amplification 
(ISDL). DIV1 cause systemic 
infection and the primary target 
tissue for detection of DIV1 
include haemopoietic tissue 
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(located above the stomach 
and at the base of antennae), 
hepatopancreas, pereiopods, 
gills and other appendages.

There is no specific clinical 
sign for DIV1 infection in 
Penaeus vannamei,  which 
includes empty stomach and 
guts, slightly reddish body 
and hepatopancreatic atrophy 
with colour fading. Infected 
Macrobrachium rosenbergii 
exhibits that white triangular 
area under the carapace at 
the base of rostrum. Infected 
shrimp moribund individuals 
sink to the bottom in deep 
water. Haematopoietic 
tissues and haemocytes are 
the primary target tissue 
for disease diagnosis. The 
histopathological characters 
of DIV1 infection reveal the 
presence of karyopyknosis in 
the haematopoietic tissues, 
epithelium, lymphoid organs, 
haemocytes of gills, pereiopods, 
and hepatopancreatic sinus and 
dark eosinophilic inclusions 
mixed or surrounded by 
basophilic staining (Fig.2). 

DIV1 can be identified 
by transmission electron 

The infected shrimp 
become lethargic, cease 
to feed, followed by mass 
mortalities. Unusually mass 
mortality reaching up to 
80% occur within one to 
two weeks after the onset 
of infection in farmed 
shrimps; diseased shrimps 
sink to the bottom of the 
pond. 

The control and prevention 
measures of DIV1 infection 
comprise the following 
Best Management 
Practices (BMPs) such as 
use of specific pathogen-
free (SPF) broodstock, 
disinfection of egg and 
larvae, screening the 
Post-Larvae (PLs) against 
DIV1 to combat with 
vertical transmission, use 
of probiotics, biosecurity 
measures, emergency 
harvest, and proper 
quarantine measure to stop 
the horizontal spread of 
disease.

resistance mechanisms in 
aquatic animals.

Shrimp aquaculture is 
economically important 
worldwide, especially for 
some developing countries. 
Recently DIV1 causes significant 
mortalites (up to 100%) and has 
resulted in serious economic 
losses to aquaculture. DIV1 
infection has been reported in 
major shrimp culture species 
such as Penaeus vannamei 
and Macrobrachium rosenbergii. 

Avoid the import of broodstock 
and aquaculture inputs such as 
Artemia and polychaetes from 
China, Taiwan, and possibly the 
Southeast Asian region. Further, 
take proactive measures at 
International borders especially 
with Bangladesh, for the 
prevention of entry of exotic 
diseases through possible 
cross border fisheries, trade 
intensive passive and active 
surveillance is of paramount to 
detect and contain the spread 
of this emerging disease in 
shrimp farming. The emerging 
viral pathogens like Decapod 
iridescent virus 1, following 
BMPs, the development of 
rapid diagnostic facilities, 
and prophylactic protocols to 
prevent the spread of disease 
will lead to the sustainability of 
the shrimp industry worldwide.
(Dr. Kaviarasu is Ph.D research 
scholar, Fisheries College and 
Research Institute, TNJFU, Tamil 
Nadu, C Sudhan is Ph.D Research 
scholar, Fisheries Resource 
Management, ICAR-CIFE, Mumbai. 
A. Rathipriya is Ph.D Research 
scholar, Institute of Fisheries Post 
Graduate Studies, TNJFU, Tamil 
Nadu and M. Selvamageshwaran 
is Senior Research Fellow, 
Fisheries College and Research 
Institute, TNJFU, Tamil Nadu. Views 
expressed are personal.)
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Conclusion
Prevention and control of viral 
diseases in the aquaculture 
sector, influenced by several 
factors include the properties like 
environmental stability, reservoir 
hosts, host species susceptibility, 
transmission dynamics, and 
pathogenicity of individual viruses 
that infect aquatic organisms. 
Several parameters have not been 
fully studied because most of the 
aquaculture viruses have only 
been recently discovered. Viral 
diseases have been more difficult 
to control when compared to 
bacterial infection because of 
the high susceptibility of aquatic 
animals at an early age, the lack 
of therapeutics, challenges in 
developing effective viral vaccines 
and insufficient knowledge of the 
pathogenesis of viral infections 
and limited knowledge of natural 

microscopy (TEM) of diseased 
animals, detected by the 
existence of a number of 
icosahedral non-enveloped 
virions contains cytoplasm 
with many tissues such as 
haemocytes, hepatopancreas, 
and muscle. Nevertheless, DIV1 
being a virus; no treatment 
is available. The control and 
prevention measures of 
DIV1 infection comprise the 
following Best Management 
Practices (BMPs) such as use 
of specific pathogen-free 
(SPF) broodstock, disinfection 
of egg and larvae, screening 
the Post-Larvae (PLs) against 
DIV1 to combat with vertical 
transmission, use of probiotics, 
biosecurity measures, 
emergency harvest, and 
proper quarantine measure to 
stop the horizontal spread of 
disease.

Fig.2. Figure showing SHIV induced histopathological features in P. vannamei. Presence of 
basophilic inclusions (black arrows) and karyopyknotic nuclei (white arrows) in the Haematoxylin 
and Eosin (H&E) stained hematopoietic tissue (a), gills (b) sinus of the hepatopancreas (c) and 
periopods. Bar - 10 μm. Source: Qiu et al. 2017.
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Farm made feed: a 
promising practice for 
carp farming

Introduction 
Feed based carp culture is 
yet to gain the momentum as 
compared to other species due 
to high ingredient cost and 
lesser farm gate price realization 
by the carp farmers in India.

In a recent report by FAO it is 
indicated that more than 97% 
of the carp feeds used by Indian 
farmers are farm-made. This 

mash feed mainly comprises 
of rice bran, groundnut cake, 
mustard cake or cotton seed 
meal and other locally available 
ingredients. 

Mash feeding is an age old 
practice, where farmers use 
locally available feed ingredients 
as farm-made feed. The carps 
together contribute to more 
than 82% of total aquaculture 
production. 

Dr. Amit Ranjan, Tmt. A. Jemila Thangarani and Dr. S. A. Shanmugam

More than 97% of the carp 
feeds used by Indian farmers 
are farm-made. There has been 
a phenomenal expansion of 
commercial carp culture in 
constructed earthen ponds in 
certain Indian states such as 
Andhra Pradesh, Punjab, and 
Haryana.In several other states 
like Bihar, Jharkhand, Orissa, 
Karnataka and Tamil Nadu 
commercial carp culture is 
gaining momentum.

AQUACULTURESMART AGRIPOST - FISHERIES

In aquaculture operations, feed accounts for 50-60% of the total operating 
costs based on the culture system. Hence, feed and feeding practices are 
crucial elements in the sustainability, profitability and well-being of modern 
aquaculture.

Some of the major limitations 
encountered in the use of farm 
made feed is poor FCR (3:1−4:1), 
rapid nutrient leaching and 
poor water stability which is 
not appropriate to support the 
intensification, expansion and 
further development of carp 
culture in India.Although carp 
farmers want to use commercial 
feeds available in the market but 
obtaining compounded feeds at 
an affordable cost is a big issue 
faced by the carp farmers and 
they have no option left but to 
continue use of rice bran as the 
major feed input along with oil 
cakes in the States like Andhra 
Pradesh whose carp culture is 
said to be organized.

Today, the aquaculture technol-
ogy which is driven towards im-
proved yields both in terms of 
quality and quantity involves the 
enhancement or replacement 
of natural food with prepared 
and formulated diets. 

Feed is one of the major inputs 
in aquaculture and the success 
of fish farming depends to a very 
large extent on the provision 
of adequate quantities of 
nutritionally balanced feeds 
in a form in which fish can 
utilize.Most farmers use farm-
made feeds, made from locally 
available ingredients such as 
rice bran and oilcakes. 

In the southern Indian state of 
Andhra Pradesh, where large-
scale carp culture is practiced, 
feed forms an important 
input and is required in large 
quantities. To meet the demand, 
a large number of small-scale 
and a few large-scale feed 
manufacturers have appeared. 
However, at this stage pellets 
are not commonly used due to 
poor return on investment in 
carp culture practices. 

The proximate composition of 
factory-made feeds is reported 

to be 20-30 percent protein, 2-4 percent fat, 10-15 percent fibre, 
30-40 percent carbohydrate, and 8-10 percent ash. Often these 
feeds are claimed to have been enriched with lysine, methionine, 
vitamins and minerals. However, carp farmers most of the time 
stick to feeding their fishes with locally available ingredients due to 
lesser farm gate price realization by the carp farmers. 

Food and feeding habits of Carps

Species Food Feeding habits
Catla catla Zooplankton Surface feeder 
Labeo rohita Plankton Column feeder 
Cirrhinus mrigala Omnivorous Bottom feeder 

Hypophalmichthysmolitrix Phytoplankton Surface feeder 

Ctenopharyngodon idella Herbivorous Column feeder 

Cyprinus carpio Omnivorous Bottom feeder 

Nutritional requirement of cultivable carps

Nutrients (%) Fry and 
fingerlings

Juveniles 
and growers

Brood 
fish

Protein 40-45 35-40 30-25

Carbohydrates 22-26 30-35 35-40

Fats 6-8 5 5
Vitamins 1 1 1
Minerals 1 1 1

Digestible 
Energy 
(Kcal/100gm) 

310 280 280

Source: Google Image, FAO  
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Selection of feed 
stuffs for making 
farm made feed 

A wide variety of feed 
ingredients are available in 
India and other Asian countries 
where carp culture is practiced 
on a commercial scale. However, 
many ingredients are not used 
due to irregular supply and high 
cost. 

Feed Formulation

Farm-made feed formulation 
for Indian major carps to a great 
depends on extent of ingredient 
used, local availability and 
price. Farm-made feeds are 
very diverse. Some farmers in 
their nursery use only mustard 
oil cake or sesame oil cake after 
soaking it in water for several 
hours before spreading it over 
the pond surface, while others 
use a 60:40 or 40:60 mixture of 
mustard oil cake and rice bran.  

feed their broodstock with a 
supplementary feed comprising 
of 50 percent rice bran or wheat 
bran, 45 percent mustard oil 
cake and 5 percent fishmeal.
Groundnut cake and mustard 
seed cake are also often used in 
combination with rice bran.

Farmers adjust the ingredient 
base of their feeds on a seasonal 
basis. During the summer, when 
fish growth is rapid, they are 
provided with a feed consisting 
30 to 40 percent oil cake and 
60 to 70 percent rice bran and 
fed  ad libitum. During winter 
and particularly during the 
monsoon season when growth 
of fish is slow, fish are fed with 
rice bran alone or mixed with a 
very small proportion of oil cake. 
Moreover, when pond water is 
rich in plankton, feeding rates 
are reduced. 

The use of ingredients of animal 
origin in grow-out systems is 
almost non-existent in Indian 
major carp culture. Fishmeal is 
occasionally used in broodstock 
rearing and conditioning, at up 
to 15 to 20 percent of the diet. 
In broodstock diets, along with 
fishmeal, rice bran (20 percent), 
broken rice (10 to 15 percent), 
oil cakes (20 to 25 percent) 
and pulses (15 to 20 percent) 
are commonly used. The 
ingredients are ground, cooked 
and fed as in moist balls. 

To select the feed ingredients following factors are considered in 
both commercial as well as on farm levels.

	Regular supply of  locally available ingredients

	Suitability of ingredients as per nutritional requirements and 
species.

	Cost effectiveness of feed ingredients (cost of raw materials, 
transportation charges etc.)

	Handling and processing requirement prior to feeding, 
including transportation should be minimal or negligible.

	Freshness of the ingredients- The ingredients should be fresh 
and should not have any off flavour. The moisture content of 
the ingredients should be within a range of 10-13 %. Above this 
moisture level fungus growth may take place.

	Quality - nutrient composition and presence of any anti-
nutrients (substances that interfere directly with the absorption 
of nutrients or contaminants).

	Quantity – how much is available locally & is the supply regular?

Sesame oil cake and wheat bran 
are sometimes substituted for 
mustard oil cake and rice bran or 
used in combination with each 
other. Experimental studies 
have shown that better fry 
survival and growth is obtained 
with a mixture of rice bran (50 
percent), mustard oil cake (25 
percent) and fishmeal.

Farm-made feeds are usually 
prepared as moist feed balls 
or as a dry, non-pelleted 
mixture. Most fish farmers 

Common feed formulation for IMC

Fish meal: mustard oil cake:rice bran 22:22:54 30

Soyabean flour:meal: mustard oil cake:rice bran 28:28:44 30

Wheat bran:GOC:soyabean 40:40:20 30

Rice bran:MOC:soyabean 40:40:20 32

Wheat bran:GOC:bone meal 40:40:20 30

Rice bran:GOC:silk worm pupae 40:40:20 30

Rice bran:MOC:GOC 50:50 35

Fish meal: clammeal: soyabean meal: wheat flour: rice 
bran: GOC: animal fat: vitamin premix

15:25:15:15:25:25:3:2 30

Formulated diet for carp fingerlings

Ingredients Percentage

  1 2 3 4 5 6 7 8

Groundnut oilcake 50.0 49.0 60.73 24.5 - 40.0 40.0 -

Rice bran 50.0 49.0 - 49.0 21.0 - - -

Wheat bran - - 37.86 - - 50.0 35.0 -

Sesame oilcake - - - 24.5 77.0 - - -

Fish meal - - - - - 10.0 20.0 -

Yeast - - - - - 50.0   5.0 -

Chicken feed - - - - - - - 100.0

Dicalcium phosphate - 1.5 1.5 1.5 1.5 - - -

Sodium chloride - 0.3 0.3 0.3 0.3 - - -

Trace minerals - 0.1 0.1 0.1 0.1 - - -

Vitamin mix - 0.1 0.1 0.1 0.1 - - -

Protein % 22.8 23.5 25.5 25.5 25.5 30.2 34.2 19.3

Formulated diet for carp broodstock

Ingredients Percentage        

I II

Groundnut oilcake 69.95 39.0

Rice bran 28.05 20.0

Fish meal - 39.0

Dicalcium phosphate 1.5 1.5

Sodium chloride 0.3 0.3

Trace minerals 0.1 0.1

Vitamin mixer 0.1 0.1

Protein % 30.0 32.5

Fat 11.0   8.0

Carbohydrate 35.0 25.5
Additional vitamins added were vitamin E one tablet for 1 kg diet and Vitamin C 200 mg for 1 kg diet.
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Feeding schedule for Indian Major Carps 
Sl. No. Period Feed per day in terms of  % 

body weight 
1. Fry 5-10%

2. Fingerling 

I.      1st Year

        II.      2nd year

2-5%

5-6%

3. Adult 2-3%

4. Brood fish 1-2%
(Note: Size: Fry 14-25 mm; Fingerling 40-100 mm; Adult 300-400 mm)

Advantages and disadvantages of farm-made feeds in carp culture
Farm made 
feed

Advantages Disadvantages Moisture (% max)

Dry •	 Pellets may be made by hand with 
a meat mincer and then sun-dried; 

•	 Vitamins preserved.
•	 Dry feeds last longer than moist 

feed.

•	 Starches not cooked 
and not well digestible.

•	 Low water stability.

Dry pellet (10%)

Moist •	 Feeds available on site.
•	 Easy to make.
•	 Utilize local waste products.

•	 Shorter storage 
period;

•	 low FCR;
•	 Large surface required 

for drying.
•	 Moist feeds cannot be 

storedand need to be 
used immediately.

Moist diet (30%)

Conclusion:
Feed based aquaculture is 
gaining importance in India. 
However, due to high price of 
commercial feed and less farm 
gate price realization by carp 
farmers, most of the carp farmers 
unable to afford such feed for 
their farming practices. Farm 
made feed which can be made 
by utilizing locally available 
feed ingredient represents a 
promising alternative to carp 
farmers to utilize such feed 
for increasing aquaculture 
production at an affordable 
cost.   
(Dr. Amit Ranjan and Tmt. Jemila 
Thangarani are Assistant Professors 
and Dr. S.A. Shanmugam is Dean at 
Institute of Fisheries Post Graduate 
Studies, Vaniyanchavadi, Chennai. 
Views expressed are personal.)

Introduction
Protein synthesis inhibitors are 
a substance that stops or slows 
the proliferation of cells by dis-
rupting the processes that lead 
directly to the generation of 
new proteins. The substances 
take advantage of the major 
differences between prokary-
otic and eukaryotic ribosome 
structures which differ in their 
size, sequence and the ratio of 
protein to RNA. The differences 
in structure allow some antibiot-
ics  to kill  bacteria  by inhibiting 
their ribosomes, while leaving 
human ribosomes unaffected. 

Translation in  prokaryotes  in-
volves the assembly of the 
components of the translation 

system which are: the two ri-
bosomal subunits (the large 
50S & small 30S subunits), the 
mRNA to be translated, the first 
aminoacyl tRNA, Guanosine Tri 
Phosphate (GTP) (as a source 
of energy), and three initiation 
factors that help the assembly 
of the initiation complex. The 
ribosome has three sites: the A 
site, the P site, and the E site (not 
shown in). The A site is the point 
of entry for the aminoacyl tRNA. 
The P site is where the peptidyl 
tRNA is formed in the ribosome. 
The E site which is the exit site 
of the uncharged tRNA after it 
gives its amino acid to the grow-
ing peptide chain.

In general, protein synthesis in-
hibitors work at different stages 

of prokaryotic mRNA transla-
tion into proteins like initiation, 
elongation (including amino-
acyl tRNA entry, proofreading, 
peptidyl transfer, and ribosomal 
translocation), and termination.

Protein synthesis
Attachment of mRNA to 30S 
subunit 

50S binds to 30S to constitute 
70S

This unit moves along mRNA so 
that successive codons of mRNA 
pass along ribosome from the 
acceptor site to peptidyl site 

A tRNA with its existing amino-
acid chain is already attached 
at the P-site of the complex by 
complementary codon:antico-
don pairing

Role of protein synthesis 
inhibitors in fish disease 
management
R. Rajeshkannan, V. Alamelu, V. Vijayarahavan and S. Vimaladevi
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The incoming tRNA with a new 
aminoacid binds to the accep-
tor site by complementary base 
pairing

Peptide chain on the tRNA at-
tached to the P-site is then trans-
ferred to the tRNA linked to A 
site. This process is called tran-
speptidation

tRNA which has lost its peptide 
chain is ejected out from P-site

tRNA at the A-site is translocat-
ed to P-site

A freed A-site is now ready to re-
ceive new tRNA

Protein synthesis 
inhibitors and its uses

1. Tetracyclines
Tetracyclines are broad spec-
trum antibiotics with similar an-
timicrobial features, but they dif-
fer somewhat from one another 
in terms of their spectrum and 
pharmacokinetic disposition. 
There are three naturally occur-
ring tetracyclines including oxy-
tetracycline, chlorotetracycline 
and dimethyl chlorotetracycline, 
and several other that are de-
rived semi-synthetically include 
tetracycline, rolitetracycline, 
methacycline, minocycline, dox-
ycycline etc. 

Based on elimination time, fur-

ther classified into short acting 
(tetracycline, oxytetracycline, 
chlorotetracycline), intermedi-
ate acting (dimethyl chlorotet-
racycline, methacycline), and 
long acting (minocycline, doxy-
cycline)

All of the tetracycline deriva-
tives are crystalline, yellowish, 
amphoteric substances that, 
in aqueous solution, form salts 
with both acids and bases. Tet-
racyclines are characteristically 
fluorescing when exposed to 
UV light.

Mode of Action
The exact site involved in the 
antimicrobial activity of tetracy-
clines has not been clear, but 
these antibiotics bind reversibly 
to bacterial 30S ribosomes and 
inhibit protein synthesis, per-
haps by several mechanisms. 
The binding of aminoacyl-tRNA 
to the acceptor site on the mR-
NA-ribosome complex seems 
to be impaired.

Tetracyclines enter micro-or-
ganisms in part by diffusion and 
in part by energy dependent, 
carrier mediated system that is 
responsible for the high levels 
achieved in susceptible bacte-
ria. Tetracyclines are more effec-
tive against multiplying micro-
organisms and tend to be more 
active at pH 6-6.5.

Uses 
Oxytetracycline will treat 
gram-positive (such as Strepto-
coccus) and some gram-nega-
tive bacteria (such as some Vib-
rio species) found in aquarium/
pond environments. Maladies 
include; Body Slime & Cloudy 
Eyes (its best use), Marine ul-
cer disease, cold water disease, 
bacterial hemorrhagic septice-
mia or redness in the body. Also 
used to treat open sores or loss 
of scales and mouth fungus.

Dosage 
250- 500 mg per 20 gallons ev-
ery 48 hours (24 hours for se-
vere problems) with a 50% water 
change before each treatment. 
This antibiotic is best used by 
mixing with food, especially if 
pH is above 8.0.

Contraindications:
•	 Best avoid using concur-

rently with other antibiotics 
or chemical treatments, al-
though use in a bath with 
Methylene Blue.

•	 Do not use for fish suffering 
from ammonia/nitrite poi-
soning or with fish with low 
red blood cell count (ane-
mia) such as suffering from 
an acute gill infestation of 
Velvet, Flukes or similar para-
sites that attacks the gills and 
thus renders a fish anemic.

•	 As with all Tetracycline prod-
ucts, less effective in higher 
calcium environments.

•	 Do not use with any iron ox-
ide containing products.

2. Macrolides 
Macrolides consists of macro-
cylcic lactone ring (ususally 14-
16 atoms) attached to one or 
more deoxy sugars. (E.g.eryth-
romycin, tylosin, roxithromycine, 
clarithromycin, azithromycin 
etc.).  Macrolides are bacte-
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Fig. 1 Schematic Diagram of Protein Synthesis

(Source: Biology. https://bio.libretexts.org/@go/page/8709)

riostatic drugs. Macrolides are 
intermediate-spectrum antimi-
crobials, active mainly against 
Gram-positive bacteria. The 
antibacterial spectrum of mac-
rolides is slightly wider than 
that of Penicillin; thus, they are 
common substitutes for Penicil-
lin. Unlike Penicillin, Macrolides 
have been shown to be effective 
against mycoplasma, mycobac-
teria, Chlamydia and rickettsias.

Mode of Action
Polypeptide export tunnel is the 
target for macrolide antibiotics. 
They reversibly bind to 50S ri-
bosome, block the tunnel and 
thereby blocking the polypep-
tide export. They also prevent 
the translocation of peptidyl 
tRNA to P site and inhibit pro-
tein synthesis. Additionally act 
as a bacteriostatic at therapeu-
tic concentration. The source is 
Streptomyces erythreus.

Uses
The majority of bacterial patho-
gens of fish are Gramnegative; 
the use of macrolides is limit-
ed and specific. Only three are 
used to any extent in aquacul-
ture: erythromycin, spiramycin 
and josamycin. Erythromycin 
has been used in the treatment 
of Bacterial Kidney Disease 
caused by Renibacterium sal-
moninarum and streptococcosis 
in yellow tail.

3. Chloramphenicol
It was initially obtained from 
Streptomyces venezuelae in 
1947. It was later chemically 
synthesized and commercial 
products now available are only 
synthetic products. It is the first 
antibiotic to be chemically syn-
thesized. It is a derivative of di-
chloro acetic acid and contain 
a nitrobenzene moiety. Slightly 
soluble in water, soluble in most 
organic solvents.

tion. They are hydrophilic, avail-
able as water soluble sulphate 
salts, stable in solution.

Mode of Action

Susceptible gram-negative or-
ganisms allow aminoglycosides 
to diffuse through porin chan-
nels in their outer membranes.
The antibiotic then binds to the 
30S ribosomal subunit prior to 
ribosome formation.There, it 
interferes with assembly of the 
functional ribosomal apparatus 
and/or can cause the 30S sub-
unit of the completed ribosome 
to misread the genetic code.

Use

Aminoglycosides are relative-
ly broad spectrum and active 
against bacteria, mycoplasma 
and mycobacteria. They are 
bactericidal with activity against 
gram negative aerobes and 
newer groups especially against 
Pseudomonas, but not active 
against anaerobes. As a group, 
these antibiotics are not consid-
ered effective when used in oral 
or bath treatments. A couple of 
exceptions may be kanamycin 
and neomycin, both of which 
may be effective against exter-
nal infections if used in bath 
treatments. In addition, kana-
mycin is also believed to be ef-
fective when mixed with feed to 
treat gastrointestinal bacterial 
infections in fishes.

5. Linezolid  
Although its mechanism of ac-
tion is not fully understood, 
linezolid appears to work on 
the first step of protein synthe-
sis,  initiation, unlike most oth-
er protein synthesis inhibitors, 
which inhibit elongation.

Mode of Action

It does so by preventing 
the formation of the  initia-
tion complex, composed of 
the 30S and 50S subunits of the 
ribosome,  tRNA, and mRNA. 

Mode of Action
It is a bacteriostatic drug that 
interferes with the protein syn-
thesis, irreversible inhibitor of 
50S ribosome, inhibits the pep-
tidyl transferase enzyme there-
by preventing the aminoacid 
transfer to growing polypeptide 
chains and subsequent protein 
formation responsible for form-
ing peptide bonds between the 
aminoacids of elongating pep-
tide chain is also prevented.

It is a broad spectrum antibi-
otic, inhibits gram-positive, 
gram-negative, aerobes, rickett-
sia and chlamydia, mycoplasma. 
Mycoplasma and Nocardia de-
velop resistance quickly against 
chloramphenicol.

Use

It has been used as a prophy-
lactic agent against carp dropsy 
(caused by Aerobacterium liq-
uefaciens). It has also been used 
in the treatment of trout ulcer 
disease (caused by Haemoph-
ilus piscium) and furunculosis 
(caused by A. salmonicida).

4. Aminoglycosides
The group of natural and 
semi-synthetic antibiotics that 
isactive against gram-negative 
organisms. Aminoglycosides 
means amino sugar joined by 
a glycosidic linkage. The ami-
noglycosides, including gen-
tamicin, neomycin, kanamycin, 
and amikacin are very effective 
against gram-negative bacteria 
infections when administered 
by injection. Unfortunately, this 
group has also been shown to 
cause kidney damage in fish 
when administered by this tech-
nique.

They are highly active in alka-
line medium due to bacterial 
destruction. They possess poor 
bioavailability and are readily 
ionize, hence unable to cross 
the barriers even in inflamma-
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Antibiotic agent 
(class)

Route of Administration Structure

Oxytetracycline 
(tetracyclines)

Oral/bath/injection

Tetracycline 
(tetracyclines)

Oral/bath/injection

Amoxicillin 
(aminopenicillins)

Oral

Ampicillin 
(aminopenicillins)

Oral

Erythromycin 
(macrolides)

Oral/bath/injection

Sulphonamides 
(sulphonamides)

Oral

AQUACULTURESMART AGRIPOST - FISHERIES

Fig. 3 Mechanism of Macrolides
(Source: https://www.slideshare.net/MDCrules/erythromycin-structure-and-production)

Fig. 2 Mechanism of Tetracycline

Linezolid binds to a site on the 
50S subunit near the interface 
with the 30S subunit close to 
the  binding sites  of chloram-
phenicol. Thereby linezolid in-
hibits bacterial protein synthesis 
by inhibiting the formation of 
the 70S initiation complex.

Route of Administration of 
Protein Synthesis Inhibitors 
(Source: M.M. Pathmalal,2018)

Withdrawal Periodfor Safety 
Concern

Exposure of untargeted animals 
and the environment to drugs 
used in aquaculture is inevitable 
due to the characteristics of the 
culture systems and the manner 
of introduction of the drugs. 

temperature is related to high-
er absorption, distribution, me-
tabolism and excretion (ADME) 
rates.

Reported antibiotic 
residues in South 
Asian countries
According to reported data 
(Pathmalal.2018), the use of 
antibiotics in aquaculture con-
tributes equally toresidues in 
the environment. Studies from 
Bangladesh, India, Indonesia, 
and Thailand have reported an-
tibiotic residues in aquaculture 
products and aquaculture wa-
ter. 

Chloramphenicol was record-
ed in fish from Bangladesh 
(~5ng/L) and in shrimps from 
India (~32ng/L) and Indonesia 
(~45ng/L). In Thailand, eryth-
romycin and tetracyclines were 
detected in aquaculture water 
up to 180 ng/L, whereas fluo-
roquinolones were detected in 
higher concentration (avg. 5130 
ng/L, max 46100 ng/L) than 
aquaculture wastewater in Viet-
nam (avg. 235, max 1130 ng/L). 
In India, average peak water 
concentrations in aquaculture 
farms for Oxytetracycline (OTC) 
and Erythromycin were record-
ed as 49 μg/L and 1.6 μg/L re-
spectively while OTC were fre-
quently detected in sediments 
with concentrations up to 6908 
μg/kg.

Risk management 
options 
The most effective means to 
prevent and control the devel-
opment and spread of antibac-
terial resistance is to reduce the 
use of antibiotics by reducing 
the need for antibacterial treat-
ments (Moges et al. 2014). 

Production management should 
include stocking programs and 
management practices to avoid 

The withdrawal period is the 
time between the last treat-
ment of the fish with the drug 
and the point at which the fish is 
processed into a food product. 
This is determined by the drugs 
used, the species of fish and 
the environmental temperature. 
The duration of the withdrawal 
period is closely related to the 
maximum residue limit (MRL) of 
the drug or its metabolite. 

Different countries apply differ-
ent MRL values and withdrawal 
periods to achieve safe levels 
and reduce the risk of residues. 
The MRL is calculated from sev-
eral parameters, such as the ac-
ceptable daily intake (ADI) and 
the maximum no-effect level 
(NOEL). The procedure for de-
termining MRLs from the ADI 
is much better established for 
mammals than for fish. The with-
drawal period of protein synthe-
sis inhibitors is approximately 
8–10 days after the drug admin-
istration. 

Usually, the withdrawal period 
for fish considers two tissues, 
the muscles and the skin. In 
some cases, separate residue 
data are needed to establish the 
withdrawal periods for specific 
drugs. Temperature is anoth-
er important variable; a higher 

AQUACULTURESMART AGRIPOST - FISHERIES

(Source: https://player.slideplayer.
com/20/6230353/data/images/img20.jpg)
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strengthen the knowledge and 
evidence base through surveil-
lance and research, Reduce the 
incidence of infection through 
effective sanitation, hygiene and 
infection prevention measures, 
optimize the use of antimicro-
bial medicines in human and 
animal health and prepare the 
economic case for sustainable 
investment and increase invest-
ment in new medicines, diag-
nostic tools, vaccines and other 
interventions. Further studies 
that provide clear evidence of 
the link between inappropriate 
antibiotic use in aquaculture, 
and antibiotic residues and an-
tibiotic resistance in bacterial 
pathogens, are needed to de-
velop the appropriate control 
strategies.

Conclusion

The protein synthesis inhibitors 
are one of the branches and 
most commonly used antibiot-
ics in aquaculture which is often 
used to treat the parasitic in-
fections and bacterial diseases 
and avoid the horizontal trans-
mission of infections in cultured 
fishes. It should be used at rec-
ommended dosage to avoid 
the bioaccumulation of antibiot-
ics or drugs in fishes.
(R. Rajeshkannan is  Junior 
Research Fellow and V. Alamelu, 
V. Vijayarahavan and S. Vimaladevi 
are Assistant Professors in Dr. MGR. 
Fisheries College and Research 
Institute, Tamil Nadu. Views 
expressed are personal.)

Fig. 6 Mechanism of Linezolid
the introduction of pathogens 
and to prevent disease out-
breaks and should include con-
trol measures to be implement-
ed if the disease occurs. 

WHO estimated that by 2050, 
antimicrobial resistance will 
be responsible for 4.7 million 
deaths in the Asia region (WHO 
2015). Sri Lanka developed the 
National Strategic Plan (NSP) 
2017-2022 with the collabora-
tion of WHO in 2016 (National 
Strategic Plan-2017-2022). The 
NSP is developed under five 
key strategies which are aligned 
with the strategic objectives of 
the Global Action Plan. Those 
strategies are; improve aware-
ness and understanding of an-
timicrobial resistance through 
effective communication, 

Fig. 4 Mechanism of Chloramphenicol

(Source: https://player.slideplayer.com/20/6230353/data/images/img3.jpg)

Fig. 5 Mechanism of Aminoglycosides

(Source: https://player.slideplayer.
com/20/6230353/data/images/img16.jpg)

(Source: https://www.slideshare.net/
saminathankayarohanam/3-antibiotic-protein-
synthesis-inhibitors-51450665)
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Heavy metal contamination 
in seafood

Introduction
Global population is depending 
upon seafood as a healthy diet 
choice because of its richness 
in high value proteins, health 
beneficial vitamins, minerals and 
poly unsaturated fatty acids. Fish 
is also a primary protein source 
in most parts of the world. 

Even though fish supplies many 
health benefits, seafood can 
be compromised by different 
chemical contaminants which 
areharmful to consumers. 
Among the environmental 

chemical contaminants, heavy 
metals are reported as the most 
commonly occurring one in 
seafood mainly lead, cadmium, 
arsenic and mercury.

These metal contaminants are 
coming to the environment 
from industrial sources and 
pollution. Toxic nature of heavy 
metals with high persistence 
in the environment along 
with bioaccumulation and 
biomagnification through 
food chain makes a serious 
issue. Fishes can uptake and 
concentrate metals from 

water, other small fishes and 
vegetation. Accumulation in 
the tissue can depend upon 
environmental concentration 
and exposure period. Also in 
an aquatic ecosystem fishes are 
the most important biomonitor 
for estimation of heavy metal 
contamination (Rashed, 2001).

It is significant that all the 
metals are not hazardous and 
toxic to fish and humans. While 
essential metals like copper 
(Cu), zinc (Zn), iron (Fe), iodine 
(I) and selenium (Se) play 
important role in biological 
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activity and can affect the 
human health condition during 
their deficiency or at higher 
concentration.Cadmium (Cd), 
mercury (Hg), tin (Sn), arsenic 
(As) and lead (Pb) etc generally 
make harmful effect in living 
organisms. Based on the degree 
of toxicity, maximum allowable 
limit (MAL) is determined 
which is a limit above which 
the consumers are exposed to 
harmful contamination. MALs 
of toxic elements have been 
decided by different countries 
and regulatory bodies  based 
on the fish consumption pattern 
of specific population group 
(Table 1).

Mercury 
Mercury is the metal of most 
concern with respect to seafood 
consumption and human health 
as it is the most toxic among 
heavy metals. Fish is considered 
as the most important source 
of mercury in case of humans. 
Although forest fires and 
volcanic activity act as natural 
source of Hg, major part is 
from anthropogenic origin 
such as from industries of paint, 
electrical equipments, battery, 
fungicide, wood pulping etc. 
Even though the industrial use 
of Hg has decreased due to 

continuous awareness on Hg 
toxicity, the environmental Hg 
level is still in the higher side.

Speciation of 
mercury and toxicity
Elemental mercury (Hg) and 
mercuric ions (Hg2+) are the 
main forms present in the 
natural environment, but it will 
not accumulate in fish. It can be 
converted into other soluble 
forms such as inorganic and 
organic mercury. Mercuric 
chloride (HgCl2), mercurous 
chloride (Hg2Cl2), mercuric 
sulfide (HgS) are common forms 
of inorganic mercury occur in 
nature.

Although inorganic forms 

are non-toxic, they can be 
methylated to form organic 
mercury called methylmercury 
(MeHg) which is the chronic 
toxic form of mercury (Hempel 
et al., 1995). The process of 
methylation occurs either 
by photomethylation or 
microorganisms such as 
anaerobic sulfate reducing 
bacteria, iron reducers 
and methanogens. Among 
microorganisms sulfate 
reducing bacteria are the 
major contributors of Hg 
methylation in natural waters. 
Dimethymercury (DMHg) and 
ethylmercury (EtHg) are the 
other organic Hg forms other 
than methyl Hg. But MeHg is 
the main form absorbed into 
the food chain which is most 
toxic. Also half life of MeHg is 
longer than inorganic Hg and 
has good correlation on the 
percentage of MeHg on total 
Hg (Forsyth et al., 2004).  The 
contribution of MeHg to total 
Hg is reported to be 10% in 
water, 15% in phytoplankton, 
30% in zooplankton and 95% 
in fish flesh (Watras and Bloom, 
1992). Fish at higher trophic 
levels accumulate more amount 
of Hg than at lower levels due to 
its significant absorption. 

It creates a greater risk to 
consumer health as Hg can 
associate with protein fraction 
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of fish meat by binding with 
thiol group complexes. After 
consumption 95% of MeHg 
is getting absorbed through 
the intestinal tract. It can reach 
and accumulate in the brain 
via blood and result loss of 
cells in specific brain areas and 
also affect other target organs 
like pituitary gland, liver and 
kidney. The major symptoms of 
MeHg in humans are impaired 
vision and hearing, headache, 
paraesthesia, difficulty in 
movement, less coordination, 
fatigue, tremors and ataxia 
(Grandjean et al., 2010). Prenatal 
exposure of children to Hg can 
result developmental disorders. 
As seafood is the major source 
of beneficial poly unsaturated 
fatty acids consumption of 
predatory fishes like shark, 
sword fish, king mackerel etc 
can be avoided or consume in 
smaller quantities. As per the 
international safety guideline, 
the maximum tolerable weekly 
intake of Hg is 1.6 µg/Kg body 
weight (EC 2006).

Arsenic 
Arsenic (As) is widely distributed 
in the environment due to natural 
and anthropogenic sources.
It has the ability to deposit in 
huge quantities in sediments 
of water bodies and reservoir 
systems. The major agricultural 
source of As is from industries 
manufacturing defoliants and 
pesticides. Arsenic is present in 
both organic and inorganic form 
and the most toxic one among 
them is inorganic As which is 
stable and highly soluble and 
can be absorbed into the body 
easily. Organic form As cannot 
accumulate in the body and it is 
getting quickly excreted.

Inorganic Arsenites (As3+) 
is more toxic and get easily 
absorbed into fish compared 
to arsenates (As4+). Although 
total As is measured instead of 
inorganic As (Arsinite), 90% of As 
present in fish and crustaceans 
is in non toxic arsenbetain form.
While in case of mollusks and 

algae it is present in the form of 
arsenocholine and arsenosugar 
respectively. The inorganic As 
trioxide is known as rat poison.
It is reported that organic 
arsenic compounds and their 
metabolites can produce 
cytotoxic effects. Content of 
inorganic arsenic in seafood is 
very negligible generally lower 
than 0.2 mg/Kg in fish and 
shellfish.

As per the European Commission 
Scientific Cooperation Project 
(SCOOP), consumption of 
arsenic from marine origin foods 
may be in excess of 50%. As per 
EFSA, (2009a), seaweed has 
highest total As concentrations 
in the marine food web. 
Shellfishes usually have high 
content of arsenic than finfishes. 
Demersal fishes often contain 
higher As level compared to 
pelagic fishes (Wu et al., 2014). 
As concentration in fish are 
normally less than 5 mg/Kg. 
The reference value proposed 
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for intakes of inorganic As from 
seafood products is 0.3–8 mg/
kg bw/day (EFSA, 2009a).

The various symptoms of As 
exposure in humans include 
abdominal pain, vomiting, 
diarrhea, muscle weakness 
and skin flushing. Continuous 
exposure to As can result 
deposition of As in keratin 
containing tissues like nails, 
hair and skin. In chronic cases it 
leads to skin defects and cancer. 
International Agency Research 
on Cancer (IARC) has classified 
inorganic As a carcinogen to 
human. Seaweeds can contain 
un-extractable or residual 
As linked with its structural 
components.

Cadmium 
Cadmium (Cd) is a highly toxic 
heavy metal to all living organ-
isms of plant and animal origin 
including microorganisms. Al-
though Cd is a non essential 
trace element in nature, it can 
bioaccumulate at hazardous lev-

els in living organisms and it has 
no known beneficial function in 
humans. In addition to sources 
from industries manufacturing-
batteries, electroplating, plastic 
stabilizers, pigment, use of agri-
cultural chemicals and fertilizers 
also contribute to the environ-
mental contamination of water 
resources.It is also a naturally 
occurring nonessential trace el-
ement. It is comparatively solu-
ble toxic metal which can make 
many adverse effects including 
chromosomal damage. It can 

Permissible limit (mg/Kg)

Heavy metals EU USFDA Codex India

Mercury Fishery products 
-0.5

Certain fishes- 1

All fishes(methyl 

mercury) - 1

Fishes – 0.5

Predatory fishes 
- 1

Fishes – 0.5

Predatory fishes - 1

Cadmium

Crustaceans – 0.5

Bivalves – 1

Cephalopods – 1

Fishes  – 0.05 to 0.1

Crustaceans –3

Bivalves –4

Bivalves –2

Cephalopods – 2

Fish – 0.3

Crustaceans – 0.5

Bivalves –2

Cephalopods – 2

Lead

Crustaceans – 0.5

Bivalves – 1

Cephalopods – 1

Fishes  – 0.2to 0.4

Crustaceans – 1.5 Fish - 0.3

Fish – 0.3

Crustaceans – 0.5

Bivalves – 1.5

Cephalopods – 1

Arsenic NIL
Crustaceans – 76

Bivalves – 86
NIL

Fish – 76

Crustaceans – 76

Bivalves – 86

also affect the nervous system, 
kidneys, bones, lungs, and car-
diovascular system.Cd can be 
long-term stored in the human 
being, with an average biologi-
cal life of 17 to 30 years (Tokar et 
al., 2015). It is normally seen in 
inorganic form in seafood with 
higher contents in shellfishes-
pecially in bivalves which may 
reach 10 mg/Kg.

Bivalves can accumulate 
this toxic metal and act as 
suitable bioindicator for 

pollution monitoring. It can 
also bio accumulate in plants, 
invertebrates, and vertebrates 
with a long half-life.  Cadmium 
concentrates in freshwater and 
marine animals to concentrations 
hundreds to thousands of times 
higher than in the water ATSDR 
(2008). Biomagnification of Cd 
also happen in the food chain 
and increased concentration 
will reach the end of food chain.
The bioaccessibility of Cd 
from seafood products is high 
(>50%) (Gao and Wang, 2014).
The tolerable weekly intake 
established by EFSA’s panel is 
2.5 mg/kg bw (EFSA, 2009b)

Lead 
Lead (Pb) is a highly toxic metal 
in aquatic system in which fish 
are at the top of food chain. It is 
also a naturally occurring metal, 
but anthropogenic sources from 
mining, manufacture of battery, 
paint and pesticides etc also 
contribute in environmental 
contamination. Inorganic lead 

occurs in soil, dust and many 
consumer products as lead 
carbonate, lead chromate, 
lead acetate etc. Organic form 
of lead or tetra ethyl lead is 
extremely poisonous which can 
affect brain and nervous system 
more severely than inorganic 
form of lead. Lead poisoning or 
toxicity due to lead is common 
in people associated with its 
industrial usage.Although acute 
toxicity due to occupational 
exposure is comparatively 
less, chronic toxicity due to 
prolonged exposure at lower 
concentration is common.
The International Agency for 
Research on Cancer classified 
inorganic lead as probably 
carcinogenic to humans (Group 
2A) in 2006.

The major sources for dietary 
exposure include cereals, 
vegetables and tap water. Pb 
accumulation in fish mainly 
occurs from contaminated 
water rather than diet, mainly 
inorganic form. In addition to 

fish, the other sources of Pb 
include bivalves, cephalopods, 
crustaceans and oysters.
Provisional Tolerable Weekly 
Intake (PTWI) suggested by Joint 
FAO/WHO Expert Committee 
on Food Additives (JECFA) for 
lead intake was 25 µg/kg b.w.

Conclusion
Analysis of toxic forms of 
methyl mercury and inorganic 
arsenic in seafood has to be 
done using precise and robust 
analytical methods with prime 
importance. Data of these 
toxic contaminants can give 
the human exposure level in 
different geographical locations 
and the risk associated.

(Laly, S.J., Jeyakumari, A. Abhay 
Kumar  are scientists and Murthy L N 
is Principal scientist at the Mumbai 
Research Centre of ICAR-Central 
Institute of Fisheries Technology, 
Vashi, Navi Mumbai. Views 
expressed are personal. References 
can be provided on request.)
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Strengthening aquaculture 
for Atmanirbhar Bharat

Introduction
Fisheries is an intrinsic part of 
the food chain. Improving the 
productivity of fisheries and 
aquaculture is vital to reducing 
hunger and poverty for millions 
in the developing world. In Indian 
perspective, as a developing 
nation, consumption of fish 
provides more than one billion 
poor people with most of their 
daily animal protein. Also, fish is 
the affordable animal source of 
protein.

India has the highest prevalence 
of wasted children under five 
years in the world, and stands 
at 94th position, which reflects 

acute undernutrition, according 
to the Global Hunger Index 2020. 
The situation has worsened in 
the 2015-19 period, when the 
prevalence of child wasting was 
17.3%, in comparison to 2010-
14, when it was 15.1%.Globally, 
nearly 690 million people are 
undernourished, according to 
the report, which warns that the 
COVID-19 pandemic could have 
affected the progress made on 
reducing hunger and poverty.

The challenges governments 
and international development 
communities need to address, 
given a global population that is 
projected to exceed 9 billion by 
2050, much of it in developing 

Amit Saraogi

countries prone to hunger, is 
to ensure both adequate food 
and nutrition security for all. It 
is widely acknowledged that 
fisheries have the capacity – if 
supported and developed in a 
regulated and sensitive manner 
that is both environmentally and 
socially responsible - to address 
the challenges and further 
contribute positively towards 
eradication of hunger, food 
insecurity and malnutrition. While 
the role of fisheries is increasingly 
recognized by national and 
global development policy 
makers, there is a clear need for 
a more proactive and concerted 
effort by the fisheries sector.
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Aquaculture over the recent years has not only led to substantial socio-economic 
benefits such as increased nutritional levels, income, employment and foreign 
exchange, but has also brought vast unutilized and underutilized land and water 
resources under culture.

Sustainable productive fisheries 
and aquaculture can vastly 
improve food and nutrition 
security, increase income and 
improve livelihoods, promote 
economic growth and protect 
our environment and natural 
resources. Globally, more than 
250 million people depend 
directly on fisheries and 
aquaculture for their livelihoods 
and millions are employed 
in fisheries and aquaculture 
value chains in roles such as 
processing or marketing. The 
very poor often rely on fishing 
as a primary source of income. 
These small-scale fishermen are 
particularly vulnerable as fish 
stocks diminish. 

Potential 
Increased productivity from 
sustainable fisheries and 
aquaculture can be a driver 
for rural development by 
mitigating risks to livelihoods 
and contributing to income 
generation and employment.
Aquaculture, in particular, 
has tremendous potential to 
enhance food security and be 
environmentally sustainable. 
Small-scale aquaculture is 

especially important for meeting 
the world’s growing demand 
for fish. As fish requires a 
smaller environmental footprint 
than other animal source 
food, aquaculture is a more 
environmentally ecological 
option for meeting the world’s 
food needs than other animal 
source foods.

With the increase in demand 
of healthy animal protein 
consumption, fish farming and 
aquaculture has become an 
important and growing sector 
not only in India but across the 
world. India has 7,500 kilometres 
(4,700 mi) of marine coastline, 
3,827 fishing villages and 1,914 
traditional fish landing centres. 
India’s freshwater resources 
consist of 195,210 kilometres 
(121,300 mi) of rivers and canals, 
2.9 million hectares of minor 
and major reservoirs, 2.4 million 
hectares of ponds and lakes, 
and about 0.8 million hectares of 
flood plain wetlands and water 
bodies. 

India ranks third in fisheries 
production, and second in 
aquaculture. India is home to 
more than 10 percent of the 
global fish diversity. With diverse 

resources ranging from deep 
seas to lakes in the mountains 
and more than 10% of the 
global biodiversity in terms of 
fish and shellfish species since 
independence, the country 
has shown continuous and 
sustained increments in fish 
production. Fisheries alone has 
employed 145 million people 
and contributed to 1.07% of 
the GDP and generated export 
earnings of Rs 334.41 billion as 
per a recent estimate of National 
Fisheries Development Board.

National Institute of Agricultural 
Economics and Policy Research 
reported the projected demand 
would go 11.80 million metric 
tonnes by FY21. Fish production 
rose from 800,000 tons in FY 1950 
to 4.1 million tons in the early 
1990s. From 1990 through 2010, 
Indian fish industry accelerated, 
reaching a total marine and 
freshwater fish production to 
about 8 million metric tons. 
Aquaculture over recent years 
has not only led to substantial 
socio-economic benefits such 
as increased nutritional levels, 
income, employment and 
foreign exchangebut has also 
brought vast un-utilized and 
under-utilized land and water 
resources under culture.

Challenges
There are various challenges 
plaguing this sector and India 
must address them to further 
develop its fish farming sector. 
Lack of variety of fish specieswhich 
can lead to oversupply and 
eventually pricedrop.  Increase 
in variety also is required to 
further aquaculture. Absence 
of hatchery technology for the 
introduction of new species is 
a contributing factor towards 
this. Species diversification 
will help stabilize prices and 
increase demand for formulated 
aquafeeds. 
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Introduction:
Fish is an affordable and rich 
source of quality animal protein 
to mitigate malnutrition and this 
sector provides livelihood to 
more than 20 million fishers and 
fish farmers.

The Gross Value Added (GVA) 
of the fisheries sector during 
2018-19 was Rs. 2,12,915 crores 
and constituted 1.24% of the 

total National GVA and 7.28% 
share of Agricultural GVA. 

The sector has immense po-
tential to double the fishers 
and fish farmers’ incomes and 
it has shown an average annual 
growth rate of 10.88% during 
the year from 2014-15 to 2018-
19.The fish production reached 
an all-time high of 137.58 lakh 
metric tons during 2018-19. 

India is blessed with vast inland 
open-waters aquatic resources 
offering enormous scope for 
fisheries development through 
knowledge-based scientific 
management. 

In the context of increasing 
demand, fish production from 
these inland open-water bodies 
needs greater thrustnot only for 
providing quality fish butalso for 
ensuring livelihood to the fish-

Inland open water fisheries 
potential in India 
B.K. Das and U.K. Sarkar
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Considering the fact that the marine capture fish production is almost stagnating, 
the bulk of the 16 mmt domestic demand of fish by 2025 is expected to come 
from freshwater aquaculture.

Fish harvest in ICAR-CIFRI pen

Technological advancements 
are also missing in freshwater 
fish farming. Farmers are mostly 
dependent on traditional 
methods that often lead to 
conditions that promote disease. 
Farmers must be trained on 
modern culture systems that 
use less land and water but will 
greatly benefit the sector and all 
stakeholders. 

The inferior quality of fish 
produced in poorly managed 
production systems affects 
consumers’ inclinations as 
well.The lack of adequate 
cold chain and distribution 
systems for fish as a perishable 
product affects availability and 
marketing.There are also perils 
of ignorance in aquaculture. 
Timing of treatments must be 
carefully implemented. In each 
farm situation the problems 
may vary. Juveniles and adults 
must be monitored and treated 
separately. Disinfecting all farm 
equipment thoroughly before 
treating is important. Seeking 
proper vet advice is essential 
without misplaced good 
intention by middlemen. 

But the biggest problem that 
is affecting the industry the 
most is the lack of finance for 
fish farmers. NBFCs and banks 
are not as enthusiastic about 
providing aquaculture farmers 
loans or credit as they are for 
crop farmers. This needs to 
change and financial institutions 

must come forward to help the 
industry grow further.

With the advent of blue 
revolution, aquaculture moved 
into commercial lines. In the last 
four decades, aquaculture in 
India evolved as a commercial 
farming practice from the 
level of traditional backyard 
activity. This also meant that 
an environmentally sound and 
traditional industry transformed 
into an intensive production 
system leading to a number of 
environmental problems, like 
increased soil salinity, reduction 
in agricultural production, 
decrease in livestock production 
and destruction of mangrove 
forests. 

Shrimp cultivation also has 
negative impacts on biodiversity. 
In addition to the environmental 
effects, health and social 
issues, adoption of better 
feeding methods, enhancing 
nutritional diversity, quality fish 
seed production, small scale 
Integrated Farming System 
– can be some methods to 
ensure sustainable practices in 
aquaculture.Introduction and 
popularization of compound 
feed is important in the sector. 
Farmers must be taught the 
benefits of using compound 
feed.A very minor percentage 
of farmers have adopted to the 
feed-based farming system and 
there is scope for a large number 
to adopt to compound feed 

which can yield better results for 
the farmers. Unscientific farming 
practices and poor utilization of 
technology must be overcome 
for the sector to reach its full 
potential in the county.

Opportunities 
The measures announced under 
the Pradhan Mantri Matsya 
Sampada Yojna (PMMSY) for 
Fisheries and Shrimp sector 
aim to boost export and rural 
employment are encouraging. 
These measures will boost 
rural entrepreneurship, enable 
wealth creation to boost the 
economy to make India self-
reliant as envisioned by our 
Hon’ble Prime Minister.During 
the period 2020-2021 to 2024-
2025, an estimated investment 
of Rs. 20,050 crores has been 
announced. Our Hon’ble Prime 
Minister also emphasized on 
deriving maximum benefits out 
of the PMMSY schemes towards 
making of Atmanirbhar Bharat. 
More focus has been given 
on strengthening the value 
chain, including infrastructure, 
modernization, traceability, 
production, productivity, post-
harvest management, and 
quality control.

Aquaculture can become a 
huge source of generating 
employment and livelihood. It 
can increase protein availability, 
alleviate the issues related to 
rural employment and help 
achieve the food security goals. 
Especially with all the reverse 
migration happening across 
the country due to the ongoing 
pandemic, aquaculture, fisheries 
and shrimp culture can help in 
rehabilitation of these migrants 
and support in creating a 
livelihood for them. 

(Amit Saraogi is Managing Director, 
Anmol Feeds. Views expressed are 
personal.)
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Major objectives of the PMMSY 

 y Enhancing fish production by an additional 70 lakh tonne till 
2024-25,

 y Increasing fisheries export earnings to Rs.1,00,000 crore,

 y Doubling of incomes of fishers and fish farmers

 y Reducing post-harvest losses from 20-25% to about 10%

 y Generation of additional 55 lakhs direct and indirect gainful 
employment opportunities in the fisheries sector and allied 
activities farmers
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ploitation and illegal fishingby 
capturing brooders and juvenile 
fishes lead to loss of diversity. 
Water pollution from domes-
tic and industrial point sources 
poses a potential threat for fish 
diversity where excessivenutri-
ent enrichment and other toxic 
chemicals have an impact on 
the biology of fishes. 

Sustainable Fisheries 
Management 

The Inland open-water sector 
providesconsiderable scope for 
the enhancement of fish pro-
duction without deteriorating 
the ecological and biological 
integrity of the aquatic ecosys-
tem.Stock enhancement/cul-
ture-based fishery is the most 
important eco-friendly options 
for sustainable fish production 
from inland water bodies. Enclo-
sure culture in the form of cage 
and pen is an effective technol-
ogy for seed raising and table 
fish production. Conservation of 
the fish diversity and restoration 
of the fish habitat is also anim-
portant management option for 
river fisheries management.

Wetlands and 
reservoirs fisheries 
management

The basic management for 
a sustainable enhancement 
of reservoir and wetlands in-
cludes stock enhancement, cul-
ture-based fisheries and enclo-
sure culture.

Stockenhancement 
in medium and large 
reservoir
Stocking of commercially 
important, fast-growing species 
like the Indian major carps to 
utilize all the available food 
niches has been proved to be 
an effective management tool 
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to increase fish yield. In open 
water bodies, which have lost 
riverine connection due to the 
construction of embankments 
and siltation, natural fish stocks 
of commercially important fish 
species have been depleted 
due to disruption of the auto-
stocking process from the main 
rivers. In such cases, stocking 
with fingerlings of required fish 
species is found to be effective 
for increasing their fish yield. 
The main objective of the stock 
enhancement is to enhance the 
self-recruiting fish populations.

Culture-based 
fisheries in small 
reservoirs and 
wetlands

The main scope of culture-based 
fisheries is to increase the fishy-
ield when recruitment of desired 
species is lower than the carry-
ing capacity. In culture-based 
fisheries, fish growth is depen-
dent on stocking density and 
survival is dependent on the 
size of stocked fish. The success 
in culture-based fisheries can 
be achieved by stocking at the 
right size, time, stocking densi-
ty, fishing effort, size at capture 

(species dependent), selection 
of species and fishing gear.
Over the years ICAR-CIFRIhas 
provided technological back-
stopping for reservoir fisheries 
management in 21 States which 
resulted in a substantial in-
crease in average reservoir fish 
production in the country. As a 
result of stocking, the average 
fish production of 2300 reser-
voirs enhanced from 20 kg/ha/
year to 110kg/ha/year. Produc-
tion levels of 1000-1500kg/ha/
year have been demonstrated 
in beels in many parts of West 
Bengal. 

Enclosure culture 
(pen and cage 
culture)
In an enclosure, culture fishes 
are reared in confinement to 
raise fish seed and grow fish 
to marketable size throughthe 
maintenance of free water ex-
change. Cage and pen have 
good scope for the produc-
tion of table-size fish thereby 
increasing the productivity of 
reservoirs and wetlands.In situ-
seed raising in an enclosure is 
a viable and cost effective op-
tion to aid fisheries enhance-
ment in wetlands and reser-

Fish harvest in Palair reservoir, Telengana

ers and rural underprivileged 
ones. 

It is a matter of concern that most 
of these waters are in a process 
of degradation due to increas-
ing anthropogenic activities, 
impacting several ecological 
services includingfisheries. This 
necessitates proper resource 
management through scientific 
and technological interventions 
for sustainable fisheries devel-
opment.The untapped potential 
of inland open water fisheries 
resources yet to be harnessed 
in a sustainable manner through 
expanding technology and 
up-gradation, and plannedsci-
entific interventions. 

Resources and it’s 
Potential 
The fish production systems in 
the open-water resources can 
be classified in to capture fish-
eries of the rivers, estuaries and 
backwaters, and culture-based 
fisheries in reservoirs, lakes and 
floodplain wetlands. 

The network of Indian rivers 
with a combined length of 
29,000 km comprising 14 ma-
jor rivers, 44 medium rivers and 
innumerable minor rivers and 
rivuletssupport one of the rich-

est biodiversity resources in the 
world.  Wetlands perform many 
important ecological functions 
and are considered to be the 
most productive ecosystem. 

Wetland also plays an import-
ant role by providing breeding 
and nursery ground for several 
fish species. Reservoirs arethe 
largest and most potential in-
land fisheries resource, classi-
fied as small (<1000 ha), medi-
um (1000-5000 ha) and large 
(>5000 ha) for management 
purposes. In India, the area un-
der reservoir fisheries has been 
estimated at 3.42 million ha 
(19,386 numbers).The area of 
small, medium and large reser-
voirs in the country are estimat-
ed to be 16,77,683 ha, 5,27,815 
and 13,11,703 ha respectively. 
The addition of nine proposed 
reservoirs (99,917 ha) in seven 
states will further raise the total 
area to 3.51 million ha. The major 
riverine resourcesare estimated 
to yield 0.64 to 1.64 tonnesof 
fish per km with an average of 
1tonne/km, however,produc-
tion is gradually declining due 
to various factors and issues. 
The present average yield from 
reservoirs is around 120kg/ha/
yr, which is only about one third 
of its potential while in the case 
of floodplain wetlands, the aver-
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age yield is around 400kg/ha/yr 
against a potential of 2000 kg/
ha/yr, leaving huge scope for 
fisheries enhancement.

Major Issues and 
Threats

Inland open waters in India 
although possess a huge po-
tential, but are also subjected 
to several issues requiring fo-
cussed attention for sustain-
abledevelopment of fisheries 
and conservation of biodiversi-
ty.Management of multi-stake 
inland open water fisheries re-
sources are often subjected to 
conflict situations due to differ-
ences in interests among the 
stakeholders, policies, geo-
graphical advantages, econom-
ic implications, politics etc. Sim-
ilarly, the reservoir also faces 
certain challenges like scattered 
distribution, diverse manage-
ment regime, lack of application 
of scientific knowledge, weak 
governance and policy support, 
creating hindrances in realizing 
their fish production potential.

Climate change

Global climaticvariability and 
change is recognized as a threat 
to inland open waters,especial-
ly shallow water bodies, and 
future efforts to restore and 
manage these resources will be 
more complex. The impact of 
climate change on ecosystems 
depends upon temperature 
and water availability through 
run-off in the inland freshwater 
bodies and on sea level rise and 
storm surges in coastal areas. 

Impact on fish 
biodiversity

Overexploitation, water pol-
lution, flow alteration, degra-
dation of habitat and invasion 
by exotics are the prominent 
threats to biodiversity. Over-ex-

A view of cage culture activities of ICAR-CIFRI in Maithon reservoir 
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The ranching sites on a stretch 
should be designated and fish-
ing in the immediate vicinity 
shall be regulated after the re-
lease of individuals into the river 
so as to ensure the better surviv-
al of ranched fishes. 

Habitat protection 
and fishing ban 
season

Habitat protection in a river 
system is an effective manage-
ment practice to conserve the 
fish diversity and to develop 
the overall fisheries of the riv-
er. The restriction of fishing and 
other anthropogenic activity 
in the protected area provides 
a natural environment for fish 
breeding and growth of juve-
niles. Deep pools in rivers can 
be declared as sanctuaries that 
are found to harbour a variety 
of speciesthat can act as a seed 
multi-store for a river stretch. 
Such habitat protection in a river 
system is an effective manage-
ment practice to conserve fish 
diversity.Ban season is another 
type of management measure 
for conservation of fish diversi-
ty and for the development of 
fisheries by prohibiting fishing 

activity, especially during the 
breeding period so that the re-
cruitment activity of fish may not 
be hampered.

Pollution abatement 
and e-flow 
assessment

Industrial and domestic wastes 
are the main sources of pollu-
tion in rivers. Effluent treatment 
plant (ETP) and sewage treat-
ment plant (STP) installation in 
major cities and towns along the 
rivers is essential for pollution 
control. Alteration of the natural 
flow regime of a river can dis-
turb the entire river ecosystem 
resulting in the breakdown of 
the riverine fisheries and fish di-
versity. Thus, proper assessment 
of e-flow requirement of the riv-
er is essential for fisheries man-
agement. 

Way forward for 
riverine fisheries 
management

The sustainable management 
of riverine fisheries resources 
requires focused programmes 
through identification and pro-

tection of breeding ground in 
the river ofthreatened species 
for conservation; protection 
and conservation of breeding 
ground of commercially import-
ant species for stock enhance-
ment; proper governance for ef-
fective management of riverine 
fisheries; adoption of communi-
ty based approach for fisheries 
management and biodiversity 
conservation in the river; appli-
cation of GIS and remote sens-
ing technology for resource 
mapping for sustainable utilisa-
tion of resources from river.

Recent Technological 
Advances in Inland 
Fisheries

ICAR-CIFRI, a premier institute 
working for the research and 
development of inland open 
water fisheries, and several oth-
er governments and non-gov-
ernmental organisations have 
associated in development and 
refinement of technologiesand 
management strategies for in-
land open water fisheries over 
the decades, commercialized 
cage grow feed, CIFRI GI cage 
and CIFRI HDPE Pen. The details 
of some important ones are as 
follows:

•	 Cage culture: Technology 
developed for raising table 
fish for exotic pangas catfish 
(Pangasianodonhypophthal-
mus) in reservoirs in cages 
with the production of 40 
kg/m3/8 months.Success-
ful trials carried out and as-
sessed performance for sev-
eral other species in cages 
in reservoirs /wetlands viz., 
Ompokbiamculatus, Labeo-
bata, L.rohita, Jayantirohu, 
L. gonius, Puntiussaranaand-
Barbonymusgonionotus and 
Heteropneustesfossilis.

•	 Electronic data acquisition 
system (eMATSYA): Elec-

Participation of women in cage farming
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voirs.Technologies developed 
on cage culture have been ap-
plied successfully in many res-
ervoirs in different parts of the 
country.With cage technology, 
the states like Jharkhand and 
Chhattisgarh could able to pro-
duce 40-70 kg/m3 Pangasian-
odonhypopthalmusin different 
reservoirs. At present in India, a 
large number of cages (20,000 
nos) have been in a functional 
mode in different reservoirs of 
20 States of India.

Ecosystem-based 
modelling
Assessment of food web dy-
namics givesimportant infor-
mation on the ecosystem status 
and are widely used in ecolog-
ical studies. The Foodwebis 
highly dynamicandvulnerable 
to change. Ecological models 
ranging from the convention-
al predator-prey models to 
more recent ecosystem-based 
models have been developed 
for understanding ecosystem 
structure and function. Mass 
balance models (Ecopath with 
Ecosim) have been developed 
and validatedby ICAR-CIFRI in 
peninsular reservoirs. Recently 
a three-dimensional model has 
also been developed for recom-
mending the optimum stocking 
density and size at stocking in a 
reservoir of Kerala.  

Ecosystem and 
species vulnerability 
Climatic and environmental 
parameters are important in 
regulating reproduction cycles 
in fishes. At present,there is an 
inadequate understanding of 
complex relationships between 
the physiology of fish and envi-
ronmental cues in natural open 
waters. Importance and direc-
tion of influence of environmen-
tal factors with reference to re-

productive ecology need to be 
established for important key-
stone species to speculate habi-
tat suitability and formulate con-
servation plans for the future. 

Way forward 
for wetland and 
reservoir fisheries 
The effective fisheries manage-
ment in wetlands and reservoirs 
needs several technological 
and managerial interventions 
viz., priority on seed production 
and seed raising infrastructure 
in reservoirs and wetlands; re-
finement of the technology in 
different agro-climatic condi-
tion; appropriate governance 
for avoiding conflictsamong the 
fishers and other stakeholders; 
diversification of species in en-
closure culture; development of 
private public partnership; pro-
vision for post-harvest process-
ing and value addition and their 
linkage to markets; modeling 
for ecosystem-based manage-
ment interventions; formulation 
of adaptive strategies for cli-
mate smart inland fisheries; and 
capacity building.

Riverine Fisheries 

The riverine resources spread-
ing of the country have been-
the principal source of fish of 
diversified species for ages. 

The productionand also the 
fish diversity, however, have 
been declining due to several 
factors like pollution, over-ex-
ploitation, destructive fishing 
methods,entry of exotic fishes, 
etc. Proper management of riv-
erine fisheries and conservation 
measures, therefore, is quite vi-
tal for sustainability.Some of the 
recommended programme for 
the restoration of riverine fish-
eries and ecology include river 
ranching, habitat restoration, 
pollution abatement, creation 
of fish passes, closed season, 
protected waters, maintenance 
of maximum allowable catch 
and regulation of fishing gears, 
dissemination of responsible 
fisheries awareness to the fish-
ermen, introducing of a new 
concept like environmental 
flow, and bioremediation for the 
control of pollutions, etc.

Ranching

The main purpose of the river 
ranching programmes is to re-
vive the threatened and deplet-
ing indigenous fishes by intro-
ducing fish seed to the natural 
environment. The fish seed may 
be procured through artificial 
breeding or wild seed collec-
tion from the same rivers sys-
tem. During the ranching pro-
gramme, utmost care must be 
taken to avoid genetic pollution. 

Fish seed raising in cages
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Indigenous small 
freshwater fish and its 
importance

India is the one of the hotspot 
of the mega biodiversity 
contributing 11.72 % to the 
global fish diversity.India ranks 
second in total fish production 
among top ten countries in the 
world with a total production of 
13.7 MMT in 2018-19 of which 

65 % has been contributed by 
the inland sector. 

Out of which nearly 50 % of 
inland fish production comes 
mainly from culture fisheries, 
which constitutes 6.5 per cent of 
global fish production. 

Venkatesh R Thakur, D.N. Jha, Absar Alam, Monika Gupta,  
Jeetendra Kumar, Kalpana Srivastav and  B.K. Das

The fish production contributes 
around 1% to India’s gross 
domestic product and about 
5.23 % share to the agricultural 
gross domestic product. The 
state of Uttar Pradesh having 
enormous freshwater assets in 
the form of river 7, 20,000 ha, 
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tronic Data Acquisition Sys-
tem using the android ap-
plication (in multilingual) to 
capture real-time fish catch 
data through mobile phones 
was developed.

•	 Biocontrol of biofouling 
in cages:Feasibility of 
polyculture of these species 
in cages has also been 
explored. Inclusion of 20% 
herbivore fish P. gonionotus 
with Pangasius has also been 
found not only to increase 
overall production but 
also effective as biocontrol 
against algal biofouling.

•	 Low-cost floating fish feed 
for cage culture: Using 
agro-industry co-products, a 
lowcost feed with highly sta-
ble floating feed with FCR 
(1.3) has been developed 
for P.hypophthalmus. It 
saves feed cost by Rs.10-12/
kg compared to commer-
cial feed with similar protein 
content for P.hypophthal-
mus. Similarly, a sinking feed 
with high water stabilityhas 
also been developed.

•	 Application of acoustics 
for reservoir fisheries 
management: Acoustic 
technology was utilized for 
the identification of Potential 
Fishery Zones (PFZs) in 
reservoirs. This technology is 
expected to increase fishing 
efficiency and reduce fishing 
cost.

•	 e-flow estimation: e-flow re-
quirements were assessed 
for river Dri, river Tangon, 
river Teesta, river Mahanadi 
and river Cauvery.e-flow re-
quirements for the breeding 
of some of the species like 
Rita ritaand Tor putitorain 
river Mahanadi have been 
estimated.

•	 Climate change mitiga-
tion:Carbon sequestration 
potential of mangroves in 
Sunderbans, five wetlands 
of West Bengal and two wet-
lands of Assam have been 
assessed. Thermal toler-
anceof the 24 fishspecies 
of Ganga River basin has 
been documented.Breed-
ing thresholds, pre-spawn-
ing fitness (Kspwan

50) and 
climate preferendum have 
been estimated for ten 
species from Ganga River 
basin with reference to cli-
mate change. Vulnerability 
maps have been prepared 
for wetlands of West Bengal 
on GIS platform depicting 
15-20% shrinkage over due 
course of time. Trophic sta-
tus has been studied for 52 
wetlands of West Bengal re-
flecting the mesotrophic to 
eutrophic nature of most of 
the floodplain wetlands in 
the state. 

•	 Hilsa fishery management 
guidelines: A study in river 
Hooghly showed 20% over-
exploitation of the hilsa 
stock. At least 20% reduction 
in fishing effort, along 
with restriction of <90 mm 
mesh gill nets and banning 
fishing of brood fish during 
the breeding season (June 
to August) are suggested 
for the conservation of the 
stock. 

•	 Valuation of goods and 
services: Valuation of goods 
and services of several 
wetlands was carried out to 
highlight their exploitation, 
loss and sustainability.
Economic valuation of 
wetlands and proper 
impact assessment is crucial 
for posing these tender 
ecosystems as national 
assets.

•	 State roadmap develop-
ment:Roadmaps for enhanc-
ing fish production from res-
ervoirs through technolog-
ical interventions including 
cage and pen culture for 
Bihar, Jharkhand, Odisha, 
West Bengal, Telangana,five 
North Eastern states, and 
Andaman and Nicobar Is-
lands have been developed 
by ICAR-CIFRI. Recently Odi-
sha government has initiat-
ed pen culture in reservoirs 
for seed raising targeting 
100ha area with technical 
support of the institute.

Conclusion

Inland open waters are 
potential resources not only 
for fisheries enhancement and 
biodiversity conservation but 
also for augmenting table fish 
production through the  adoption 
of available technologies.
Stock enhancement in rivers 
and large reservoirs, culture-
based fisheries in small 
reservoirs and wetlands, cage 
culture in medium and large 
reservoirs, pen culture in 
wetlands and marginal areas of 
reservoirs, buildingthe capacity 
of stakeholders, creating 
value-chain and market links,  
infrastructure and strengthening 
institutional and governance 
instruments are essential 
for fisheries management 
in reservoirs and wetlands.
The rivers are the repository 
of invaluable fish germplasm 
and must be scientifically 
managed for the conservation 
of biodiversity. Estuaries require 
special attention as breeding 
grounds of commercially 
important fish and shellfish for 
conservation
(The authors are Director and 
HOD of  RWF division in  ICAR-
CIFRI Barrackpore, West Bengal 
respectivly. Views expressed are 
personal.)
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wetlands and derelict waters 
1.3 million ha and lakes 2.09 
million ha.Total fish biodiversity 
of Uttar Pradesh contributes 
roughly 14.68% of the national 
fish biodiversity.

The total 2246 numbers 
of finfish species has been 
recorded in India out of which 
765 have been identified as 
freshwater fish species from 
various freshwater sources, of 
which 450 may be considered 
as small indigenous freshwater 
fish species. 

What are SIF?
SIF stands for small indigenous 
freshwater fish species and 
those fishes can grow to the 
maximum of 250-300mm size 
in mature or adult stage of their 
life cycle.As of about 57 fish 
species are considered as small 
indigenous fishes out of total 
fish species reported from Uttar 
Pradesh.
In India most of the rural 
population mainly depend on 
indigenous fishes as part of 
nutrition however very less is 
known about their nutrition, 
aquaculture, biology and 
conservation etc. due to laxity of 

research work.

Where do they live?
Small indigenous fishes 
manly live in rivers, tributaries, 
floodplains wetlands, ponds, 
lakes, freshwater streams, and 
paddy fields etc. and which act 
as major feeding and breeding 
grounds for the SIF. Many of the 
places this will be discarded 
from main catch and thrown 
on sides of the water body. 
It’s only because due to lack 
ok knowledge of the farmers/
peoples, so it’simportant to 
make people aware about 
importance of SIF. 

At some of the places SIF are 
dried and sent to the feed 
industry. As below shown the 
figure 2, SIF are being dried and 
after drying they will be sent 
for the further processing, very 
minimum is being used in the 
nutirtion by the fihsers.

Nutritional value
The small indigenous fishes 
are important because they 
offer essential nutrients such as 
proteins of good quality, fatty 
acids particularly the PUFA, 
vitamins, minerals and trace 

elements. Some commonly 
consumed, small freshwater fish 
species like Amblypharyngodon 
mola, Parambassis ranga, 
Osteobrama cotio, Esomus 
danricus have been found 
to contain high amount of 
preformed vitamin A in the form 
of retinol. 

The traditional communities in 
eastern and northeast India have 
indigenous knowledge about 
the health benefits of SIF, such 
as mola (Amblypharyngodon 
mola) is often included in the 
diet of pregnant and lactating 
mothers, for its nutritive value. 
Therefore combination of a small 
quantity of small indigenous 
fishes can significantly increase 
the biological value of the diet 
and contribute to noteworthy 
enhancements in the nutritional 
security.

Hence more research work 
needed for their diversification, 
culture practices and also to 
know their breeding potential. 
The law should be in place 
for unauthorised fishing and 
catching of brooders and 
juvenile fishes, which will 
help them to establish their 
population in the ecosystem 
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and directly help in restoration 
and conservation of these fishes. 
Through public awareness 
programs, people need to be 
sensitised about importance 
of the small indigenous fishes 

and their nutritional importance 
as well as role in the livelihood 
security.

(Venkatesh R Thakur, D.N.Jha, 
Absar Alam, Monika  Gupta and 

Some of the examples of SIF:

Puntius chola (puti) Osteobrama cotio (gurda)

Ompok bimaculatus (Jalkapoor) Puntius sophore (desi puti)

Mystus sp (Tengra)                                                       Chanda Nama (Chanda)

Jeetendra Kumar  are Scientists, 
Kalpana Srivastav is CTO and  
B.K.das  is Director at ICAR- CIFRI. 
Views expressed are personal.)
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The Minh Phu “2-3-4” super 
intensive, round-tank culture system

Vietnam’s rapid growth in 
shrimp production, estimated 
to surpass 500,000 metric 
tons in 2019 (GOAL 2019), has 
been tempered with immense 
pressure from the local 
government, export markets 
and environmental groups to 
improve their farming practices 
to become more sustainable 
and cost effective.  

The Mekong Delta where 80% 
of the shrimp in Vietnam is 
grown, has been suffering from 
waves of diseases outbreaks 
along with increasingly poor 
water quality.  As a result, failure 
rates in the traditional earthen 
ponds has been predominating 
over the number of successful 
pond harvests.  The challenge 
to improve both efficiency and 
sustainability in how shrimp 
should be produced has been 

the driving force behind a recent 
paradigm shift in Vietnam.

The Round-Tank 
Revolution
The “round-tank” revolution 
began approximately 3 years 
ago as a nursery-phase turned 
grow-out using above-ground 
tanks.  Circular, 100 metric ton 
tanks as 30-day nurseries have 
been in use worldwide for many 
years, but the thought of using 
larger diameter above-ground 
tanks for on-grown shrimp 
seemed unfathomable due to 
limited capacity. 

Through trial and error and 
refining of management 
techniques, the advantages of 
growing shrimp in large above-
ground tanks measuring 500 
to 800 m2 with center drains 
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was realized.  Maintaining a 
clean pond or tank bottom has 
become paramount in this day 
and age of pathogens causing 
early mortality (EMS/APHNS), 
white feces disease, and slow 
growth from EHP.  

As the round tank design is the 
most hydro-dynamically efficient 
shape to create a circular flow 
to concentrate waste for easy 
removal, it made good sense 
to expand this concept to grow 
shrimp in larger diameter tanks. 

The Minh Phu “2-3-4 
Technology” 
Although the round-tank farms 
are mostly comprised of small, 
family-owned farms and a few 
medium scale farms, there 
is one large company, Minh 
Phu Seafood Corporation,  

David Kawahigashi
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that has been developing 
their own “corporate farming” 
model.  Minh Phu is a 
vertically integrated company 
that specializes in grow-
out, processing and export.  
Originally a small company 
established in the 1990’s in 
southern Vietnam, Minh Phu 
has become the largest shrimp 
processor worldwide and the 
largest exporter of shrimp 
products out of Vietnam. 

In 2019, the Chairman of Minh 
Phu, Mr. Le Van Quang launched 
their round-tank intensive farm-
ing strategy called, “2-3-4 Tech-

nology”.   The design of the 2-3-
4 Technology model consists of 
a production module covering 
8 hectares of 20 round grow-out 
tanks (32 meters in diameter or 
800 m2) and 10 smaller nursery 
tanks (16 meters in diameter or 
200 m2). 

The shrimp culture area is di-
vided into two separate grow-
out phases, a 25-day nursery 
phase and a 90-105 day grow-
out phase.  The round produc-
tion tanks utilize 60% of the total 
area of the module and the set-
tling and treatment water res-
ervoirs occupies the remaining 

40%. 

#2: 2-Phase Grow-
out
The “2” in “2-3-4 Technology” 
implies that the shrimp are 
grown-out in two phases.  The 
first nursery phase is stocked 
at two post-larvae per liter or 
2,000 PL per m2 of culture area.  
After 25-30 days of culture, the 
juveniles are transferred to the 
larger 800 m2 grow-out tanks.  
Estimated survival rate from 
each phase is 90% respectively.  

#2: grow-out phases Phase 1 Phase 2
Tank area 200 m2 800 m2

Days of culture 25-30 days 90-105 days

Stocking density 2 PL/liter 300/m2

% survival (estimated) 90% 90%

Cycles per year 8 4

#3: Harvests Per 
Cycle
The “3” refers to number of har-
vests per cycle.  Each Phase 2 

grow-out tank is partially har-
vested (twice) before the final 
harvest.  The first partial harvest 
happens after 60 days of cul-
ture at 65 to 70 per kilogram (15 
grams).  The second partial har-

vest is around Day 85 with sizes 
in the 50 to 45 per kilo range 
(22 grams).  The final harvest 
is at 105 days of culture target-
ing 30 to 25 per kilo (35 to 40 
grams).
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Above: A partial harvest in a 500 
m2 grow-out tank; weighing the 
harvest

#4:  Four Key Principles

The “4” refers to four key prin-
ciples which are considered es-
sential for a high success rate: 

A. High performance genetics 
and post-larvae quality 

B. Water quality and adequate 
storage capacity 

C. Environmentally friendly 

D. No antibiotics

A. High Performance Genetics 
and post-larvae quality - 
Securing a steady supply 
of disease-free and healthy 
post-larvae is paramount 
for the financial success 
of this intensive round-
tank farming model.  Good 
quality, high-health post-
larvae also include animals 
that have been sourced from 
fast-growth genetics.  The 
difference between making 
a profit and taking a loss in 
the round-tank model can 
come down to accelerated 
growth rates under high 

density, high biomass 
conditions.

B. Water quality and adequate 
storage capacity - Water 
storage capacity covers 40-
50% of the module area 
for good reason.  Having 
the capacity to exchange 
high volumes of water, up 
to 100% per day as the 
biomass approaches carrying 
capacity, is essential for this 
super intensive system.  
Water exchange rates for 
the full cycle may average 
just 20% per day, however, 
the requirement towards 
the end of the grow-out 
cycle can be demanding. 
A dedicated water storage 
capacity for settling, 
treatment and conditioning 
are necessary to insure 
the quality and quantity of 
exchange water to maximize 
grow-out performance of 
the shrimp.

C. Environmentally friendly 
- Environmentally friendly 
implies to a variety of 
benefits from this round-tank 
model.  Upmost is the option 
to recirculate the culture 
water to minimize discharge 
reducing the impact to the 

local ecosystem.  Recycling 
of culture water also 
enhances biosecurity which 
in turn reduces the risk 
of disease manifestation.  
Moreover, this high-yield, 
small footprint model would 
suppress further shrimp 
farm expansion and would 
enable farmers to continue 
farming in the low-lying 
areas of the Mekong that are 
at risk of rising sea levels.

D. No antibiotics - Unlike 
traditional farms and intensive 
pond systems, the need to 
use antibiotics in the round-
tank system is eliminated 
as the combination of 
efficient waste removal, 
probiotics and good water 
quality optimizes the culture 
conditions.  Reducing the 
use of antibiotics in exports 
would help to improve the 
image of Vietnam-produced 
shrimp on the global 
markets.

Other construction 
and management 
criteria
Efficiency is further enhanced 
with high-quality, high protein 
feeds, automatic feeders, 
probiotics, shading of the 
surface area to minimize algae 
blooms and recycling of culture 
water.  

Aeration and water movement 
is provided by a combination 
of paddlewheels and diffuser 
tubes powered by a blower.  
Both automatic feeders and 
manual feeding are used in 
these round-tank farms.  

As the risk of disease outbreaks 
and crop failures is significantly 
reduced using this round-tank 
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#3: harvests per cycle % of shrimp # per kilo Grams ADG
Partial harvest #1 25% 65 to 70 13-15 grams 0.27

Partial harvest #2 25% 45 to 50 20-22 grams 0.32

Final harvest 50% 25 to 30 35-40 grams 0.37
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technology, more emphasis is 
placed on providing a high-
protein diet to optimize these 
genetically superior shrimp 
strains.  Feed protein levels 
begins at 45% and is reduced 

Revolution Continues
Due to the success of the “2-
3-4 Round-Tank Technology” 
model, Minh Phu has been 
busy constructing round-tank 
modules in their two commercial 
shrimp farms over the past two 
years.  The 300 hectare Loc An 
farm east of Ho Chi Minh City 
and their larger Kien Giang farm 
had a combined 1,000+ round-

Manpower 2 worker2 for 6 round tanks (feeding and 
exchange)

Feeding Manual or automatic feeder

Feed 40% protein minimum

Aeration per 500 m2 Blower – 2 hp per tank; Paddlewheel – 3 
hp

FCR 1.2 (up to 20-25 grams); 1.5 (for 30-40 
grams)

Cost per kilo $4.00/kg (25-gram shrimp); $3.50/kg (33-
gram shrimp)

down to 38-40% protein in the 
later phases.  Feed management 
is important in maintaining low 
Feed Conversion Rates (FCR).  

The Round-Tank 

tanks in operation producing 
over 15,000 metric tons in 2019.  
Minh Phu and their new partner, 
Mitsui (from Japan) are planning 
to expand the farming capacity 
at their Kien Giang farm to 
operate more than 4,000 round 
tanks across 2,500 hectares in 
the province by 2025 (VietFish, 
July 2019).  

The driver to the round-tank, 

multi-phase, super intensive 
systems comes down to the 
ability to achieve large shrimp 
sizes in a small, controlled 
culture system.  It is the 
combination of small culture 
units, efficient waste removal 
through high water turnover, 
water preparation and storage 
capacity, multi-phase transfers, 
and high-performance 
genetics that makes this model 
successful.  Dividing the culture 
period into shorter phases 
(30-40 days) enables greater 
inventory control, biomass 
optimization and avoidance of 
diseases or water quality issues.

Due to the success of this 
intensive round-tank model, 
farmers in other countries 
have expressed interest in 
bringing this technology to 
their respective countries. There 
is no reason why the round-
tank intensive culture model 
could not be introduced as an 
alternative to the traditional 
extensive shrimp farms in other 
shrimp producing countries.  
Farmers in Thailand, Indonesia 
and recently, Sri Lanka are 
already in the early stages of 
their own round-tank revolution.  

(The author is the Founder of 
Vannamei 101, Hawaii. Views 
expressed are personal.)

In 2019, the Chairman 
of Minh Phu, Mr. Le Van 
Quang launched their 
round-tank intensive 
farming strategy called, 
“2-3-4 Technology”. 
The design of the 2-3-4 
Technology model consists 
of a production module 
covering 8 hectares of 
20 round grow-out tanks 
(32 meters in diameter or 
800 m2) and 10 smaller 
nursery tanks (16 meters in 
diameter or 200 m2).
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The role of immuno-stimulants in 
shrimp farming

Shrimp are animals that have a 
different immunity system when 
compared with vertebrates. 
Vertebrates can develop 
immunity towards specific 
pathogens (Specific Immunity) 
but shrimps cannot. Because of 
lack of specific immunity, there 
is a direct impact on shrimp 
farming as shrimps cannot be 
vaccinated. Due to this, there 
is great threat of pathogens 
attacking the shrimp farm and 
causing outbreak of diseases.  
Since shrimp lack an adaptive 
immune system to a particular 
pathogen, innateimmunity or 
Non Specific immunity is their 
essential form of defense. 
Innate immunity acts as first-line 
protection from the diseases 
and mortality threats that can 
potentially affect the shrimp. 

Due to all these factors, disease 
outbreaks such as the White 
Spot Syndrome Virus (WSSV), 

the Taura syndromevirus (TSV), 
the Yellow Head Virus (YSV) and 
recent diseases like the Early 
Mortality Syndrome, are always 
considered to be major threats 
to the shrimp industry. 

In aquatic environment the 
stressors like pollution, low 
level of oxygen, temperature 
variations, sorting and transfer, 
osmotic shock directly affect 
the shrimp and in turn favour 
the development of harmful 
pathogens. It is essential to 
develop innate immunity which 
protects the shrimp from the 
attack of pathogens to take an 
entry into the body.  Substances 
which can be supplemented 
in feed that haveimmune 
stimulatory effects can help 
prepare the shrimp’s body 
against the risk of disease 
outbreaks.

Godrej Immuno-Shield builds 
up this immune stimulating 

action through bio-active 
compounds alongside reducing 
the oxidative stress and 
providing nutritional support. 
This enhances conditions in 
both the external and the 
internal environment of the 
animal.Immuno-shield, with 
its accurate mix of ingredients 
provides broad range immune-
modulating actions. This 
ensures a continued boosted 
and sustainable immune 
competence in shrimp under 
challenging conditions such 
as handlings, viral infections, 
extreme weather conditions, or 
high disease pressure. Premium 
antioxidant activity provided 
by highly available organic 
selenium helps to reduce 
oxidative stress induced during 
immune-stimulation. Immuno-
shield provides nutritional 
support as it consists of highly 
available nucleotides to support 
fast cell replication required to 
boost the haemocyte response 
and other cell replication during 
immune-stimulation.

Godrej Immuno-shield contains 
highly digestible dried yeast 
fractions from Saccharomyces 
cerevisiae which contains a 
bioactive complex consisting 
of glucan, mannan and chitin 
polymers that promotes non-
specific immune defences. It 
also contains Chitosan-Oligo-
Saccharides, extra source of 
nucleotides and selenium with 
antioxidant activity. It can be fed 
@ 2-4 grams per kg of feed as a 
top dressing to the feed.

(The author is DGM-Technical 
services  at Godrej Agrovet Ltd. 
Views expressed are  personal.)

Rizwan Ahamad
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In an attempt to increase the fish 
production in Baghua reservoir 
under Nayagarh district in 
Odisha and making the local 
fishers to be sustainable in 
next one year, ICAR-CIFRI had 
organised an awareness cum 
demonstration programme on 
Reservoir fisheries management 
and Pen culture here. 

The programme was jointly 
organized by ICAR-CIFRI, 
Barrackpore, Rotary club of 
Bhubaneswar Royal, Odisha and 
Directorate of Fisheries, Govt. of 
Odisha under Scheduled Caste 
Sub Plan (SCSP) of ICAR-CIFRI. 

Speaking to the fishers, Dr B 
K Das, Director, ICAR-CIFRI 
said, “Our motto is to make the 
local SC fishers sustainable in 
terms of fish production and 
reservoir management. CIFRI is 
providing them seed, feed and 
technology. Fish production 

can be increased manifold in 
coming one year, if the local 
fishers work sincerely under the 
supervision of scientists and 
technical experts.” 

Dr. Das also stated the 
importance of pen culture for in-
situ seed raising upto advance 
fingerling size of more than 100 
mm size as stocking material for 
reservoirs. 

ICAR-Central Inland Fisheries 
Research Institute, Barrackpore 
has executed Schedule Caste 
Sub Plan (SCSP) programme in 
various reservoirs and wetlands 
of India for the fisheries 
development. 

Under SCSP programme, ICAR-
CIFRI adopted Baghua reservoir 
keeping in mind, the potential 
fish yield of the reservoir and 
the present production, which 
is much lower than its actual 
potential. 

Among others, the programme 

was graced by the State Fisheries 

Officials (P.R. Rout, Joint Director, 

S. Acharya, Deputy Director and 

S.K. Mohanty, Deputy Director) 

and members of Rotary club of 

Bhubaneswar Royal, Odisha. 

On this occasion, the fingerlings 

of Indian Major Carp (IMC) were 

stocked in pen for the raising of 

stocking material for reservoir. 

Different fisheries implements 

like HDPE pen, fish seed, floating 

fish feed and mechanized FRP 

boat were distributed to the 

Primary Fishermen Cooperative 

Society of Baghua reservoir 

where majority of fishermen 

community were SC. 

Previously, ICAR-CIFRI also 

provided the hands-on trainings 

cum field demonstration on 

Inland fisheries management to 

the fishers of Baghua reservoirs 

for the scientific management 

of the water body. Considering 

the pandemic COVID-19 

situation all the precautionary 

measures were taken care and 

the face masks and sanitizers 

were distributed to all the 

participants. The programme 

was coordinated by M.H. 

Ramteke, Dr. P. K. Parida, Dr. 

Lianthuamluaia, and H.S. Swain 

under the supervision of Dr. B.K. 

Das, Director ICAR-CIFRI. 

CIFRI demonstrates fisheries 
management in Baghua reservoir   
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The ministry said the Embassy of 

Saudi Arabia in Vietnam recently 

sent a note to Vietnamese 

authorities, notifying them of the 

Saudi Arabian Food and Drug 

Authority’s (SFDA) decision.

According to the Asia-Africa 

Market Department, the move 

opens up a new direction for 

the domestic seafood industry 

amid difficulties caused by 

the Covid-19 pandemic. The 

ministry will continue to work 

with the Saudi Food and Drug 

Authority (SFDA) toward 

complete removal of the ban 

on the import of Vietnamese 

seafood.

In January 2018, the SFDA 

decided to temporarily suspend 

the import of fish and shrimps 

from Vietnam.

The ban, effective from March 

1, 2018, was in accordance with 

the regulatory procedure for fish 

and other aquaculture imports, 

according to a note published 

on the Saudi Aquaculture 

Society’s website.

The decision followed a 

December 2017 inspection by 

several regulators, including 

SFDA, Ministry of Environment, 

Water and Agriculture and 

Saudi Aquaculture Society of 

24 Vietnamese seafood facilities 

that exported products to Saudi 

Arabia.

The Asia-Africa Market 

Department said Saudi Arabia 

has strict food hygiene and 

safety standards. Being a 

leading market in the Middle 

East, Saudi Arabia’s policy 

moves could exert influence 

on other markets in the region. 

Economists say Vietnamese Tra 

fish and shrimp are facing strict 

environmental and disease 

control requirements in Saudi 

Arabia and other countries.

According to the Vietnam 

Association of Seafood 

Exporters and Producers 

(VASEP), Saudi Arabia imports 

seafood worth about US$60 

million from Vietnam each year. 

The Ministry of Industry and 

Trade said Vietnamese seafood 

enterprises should strengthen 

inspection and supervision of 

the farming and production 

environment to ensure quality, 

hygiene and food safety for 

seafood exports in order to 

avoid a resumption of Saudi 

curbs.

The Ministry of Industry and 

Trade will continue working with 

the Ministry of Agriculture and 

Rural Development and related 

agencies to add Vietnamese 

businesses to the list of firms 

eligible for seafood exports 

to Saudi Arabia. This will help 

lift the suspension of seafood 

imports from Vietnam.

(Source: www.ven.vn)
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