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FOOD FISH DIVERSITY OF BRACKISH WATERS

OF INDIAN SUNDARBANS
ABSTRACT

The Sundarbans of India, positioned at the apex of the Bay of Bengal (between 210
40°N to 220 40’ N latitude and 880 03’ to 890 07°E longitude) lie along the southern
edge of West Bengal (Mitra et.al, 2019). It is a mangrove area formed by the confluence
of the Ganges, Brahmaputra and Meghna Rivers in the Bay of Bengal characterized by
its significant marine influence, encompasses a variety of morphological features,
including the coastal and estuarine landscapes of beaches, mudflats, and sand flats,
alongside the terrestrial formations of coastal dunes. About 350 species belonging to
225 genera, 86 families distributed in 25 orders occurring in this region. Fishes
occurring in estuarine waters around Sundarban are edible. Of them, 43.1% of fishes
(151 spp.) are commercially important and significantly contribute to the fisheries of
the region. Further, 29.1% of fishes (102 spp.) are of minor fisheries interest. The
present study aims to assess the food fish diversity of the brackish waters of Indian
Sundarbans and their conservation status. The goal was to Conduct a comprehensive
survey of fish sellers and quantify the diversity of food fish species in the Indian
Sundarbans. To achieve this, the three major fish markets namely Namkhana Fish
Market, Diamond Harbour Fish Market and Canning Fish Market were surveyed for a
period of three months (January — March), as these markets are the major markets where
fish are brought after being captured from the various places of Sundarbans. The current
study has identified a total number of 35 species of brackish water food fishes of 16
different orders, from which the order Perciformes (21%) was highly dominant having
a high percentage of family (20%) and species (16.67%). Among these species, 18
species (50%) were found under the IUCN ‘Least Concern’ category, 2 species (6%)
were found under the IUCN ‘Near Threatened’ category and one species namely
Bagarius bagarius (Hamilton, 1822) found under IUCN ‘Vulnerable’category. This
data provides valuable insights into the biodiversity and conservation needs of the fish
species in the Indian Sundarbans. To preserve these threatened species for future
generations, immediate action in the form of aquatic biodiversity conservation
strategies is necessary.

Keywords: Brackish water food fish diversity, Indian Sundarbans, threatened fishes

and conservation measures.
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1. INTRODUCTION




Estuaries constitute one of the world's most productive ecosystems as they are
naturally characterised by the increased availability of nutrients and abundance of
primary producers. These transitional water bodies are among the most modified and
threatened environments (Blaber, 1988). Estuaries have long been regarded as
important sites for fish, both as nursery and overwintering grounds, migration routes
and areas which naturally support large numbers of fish. Even though extensive studies
were conducted on the estuarine fish fauna, much of the works focussed on the high

saline portions of the estuaries and estuarine-dependent fish species (Odum, 1978).
1.1 PHYSIOGRAPHY OF INDIAN SUNDARBANS

The Sundarbans of India, positioned at the apex of the Bay of Bengal (between
21040°N to 220 40’ N latitude and 880 03’ to 890 07’E longitude) lie along the southern
edge of West Bengal (Mitra et.al, 2019). This region encompasses a significant area of
both the North and South 24 Parganas districts. The Sundarbans region is framed by
several distinct boundaries. To the east, it shares a border with Bangladesh. On the
western side, the Hooghly River marks its limit. The northern edge is defined by the
historical Dampier-Hodges line. The southern boundary is the vast expanse of the Bay
of Bengal. The Sundarbans delta, characterized by its significant marine influence,
encompasses a variety of morphological features, these include the coastal and
estuarine landscapes of beaches, mudflats, and sand flats, alongside the terrestrial
formations of coastal dunes. The intricate network of estuaries, creeks, and inlets further
complements the extensive mangrove swamps, which are integral to the ecosystem’s
structure and function (Mitra et.al, 2019). Collectively, these morphotypes contribute
to the complexity and ecological significance of the Sundarbans region.
Geographically, the Indian Sundarbans can be categorized into three distinct zones

based on salinity levels (Table 1.1.1).

Table 1.1.1: Divisions of Indian Sundarbans based on salinity

Zone Areas included
High Saline Partha Pratima, Namkhana, Sagar, Kultali, Gosaba and
Basanti.
Medium Saline Canning-I and 11, Kakdwip, Mathurapur-I1, Jainagar-II
Low Saline Kulpi, Mathurapur-I

Source: A draft report on Indian Sundarbans (2003), Dept. of Fishery, Govt. of West Bengal.



1.2 CLIMATIC CONDITIONS OF SUNDARBANS

Due to significant variations in the geographical extent of the Ganga River,
including altitudinal variations, specifically at the source the temperature along the river
basin varies between 5°C and 45°C (Misra, 2011; Jain et al., 2016). The climate is
positively influenced by the southwest monsoon (Ghosh, 1991), which extends from
June to October. During the monsoon, the basin receives almost 85% of the total annual
rainfall. The annual average rainfall varies between 39 cm and 200 cm, with an average
of 110 cm (NRCD, 2009). The average annual temperatures are high throughout the
basin except the high-elevation areas of the upper Ganga River basin (Jain et al., 2016).
They rise sharply from March to May (summer season), from 30°C to 45°C. The
average temperature of the Ganga River basin during the winter season (from
November to February) is between 5°C and 30°C (Misra, 2011).

The upper stretch of the Ganga River, close to the snow line, receives snowfall,
and 100-250 cm of annual rainfall (number of rainy days being 100-150 cm). The
annual average temperature varies from < 10°C to 20°C (Nautiyal, 2010).

The middle stretch and most of the lower stretch of the Ganga River flow
through the Gangetic Plain. The average annual rainfall in the Gangetic Plain varies
between 60 cm and 160 cm, with the western parts receiving less rainfall (from 60 cm
to 140 cm) in comparison with the eastern parts (from 90 cm to >160 cm). The northern
part of the plains receives higher rainfall compared with the southern part. The
temperature varies from 5°C to 25°C in winter and from 20°C to more than 40°C during
summer in the Gangetic Plain (Sinha et al., 2005).

The climate of the Sundarban delta region of the lower stretch of the Ganga
River is characterized by relatively high temperatures and humidity (>80%) throughout
the year. The average annual rainfall is 166.1 cm and decreases from 180.5 cm near
Sagar Islands, in the south, towards Kolkata, in the north. The daily minimum
temperature during winter varies between 2°C and 4°C, and rises to a maximum of
about 43°C in March and may exceed 32°C during the monsoon. Thunderstorms in the
afternoon are common during summer and are known as Kal Baisakhi (disastrous winds
of Baisakh) (Gopal and Chauhan, 2006).



1.3 HYDROLOGICAL NETWORK OF SUNDARBANS

Geologically, the Sundarbans delta is the largest prograding delta on the globe.
Solely quaternary sediments carried and deposited by the river Ganges, Matla and
Bidyadhari, cover the region. The present deposition of detritus has formed since the
last 6000 years of stable phase (Mitra et.al, 2019). In the recent past, the Bengal basin
suffered some neotectonic movements. Between the 12th and 16th centuries, there was
an easterly tilt of the Bengal basin, which resulted in a shift of the Ganges towards the
east, and river Padma became active. During this period, the Matla and Bidyadhari river
systems formed innumerable networks of creeks between the Ganga and Padma. During
the 16th century, the Ganges flow shifted almost totally eastwards into river Padma,
and the Matla and Bidyadhari river system got completely cut off from the sweet water
source and is presently fed by the backwater of the sea (Mitra et.al, 2019). The main
estuaries from west to east in Indian Sundarbans are Hooghly, Saptamikhi, Thakuran,
Bidya, Bidyadhari, Gosaba Kalindi and Raimongal (Table 1.3.1). The average tidal
amplitude in these estuaries ranges from 3.5 to 5.0 m (Mitra et.al, 2019).

Table 1.3.1: Important rivers in Indian Sundarbans.

River Description

Hooghly e It forms the western border of the Indian Sundarbans.

comprise a national waterway.

of this river.

e Itisthe main river of West Bengal and along with the Ganges and Bhagirathi rivers

o Most of the coastal industries of West Bengal are concentrated along the western bank

Muriganga e Itisabranch of the Hooghly River.
o |t flows along the east of Sagar Island.

e Unique mangrove vegetation is found along the bank of this river.

the Saptamukhi.

Piyali rivers, which exist today in a dying state.

Thakuran e It begins near Jayanagar in South 24 Parganas and has a number of connections with

o It has perhaps earlier connected with the Calcutta canal through the Kultali and the




River

Description

Matla

This river originates at the confluence of Bidyadhari, Khuratya and the Rampur Khal
close to the town of Canning in south 24 Parganas.

Matla is connected to Bidya and ultimately flows to the Bay of Bengal. The freshwater
connection and discharge to this river have been lost in recent times.

Salinity of the river water is relatively high (in comparison to Hooghly and
Muriganga) owing to freshwater cut-off from the upstream region.

Bidyadhari

This was a flourishing branch of the Bhagirathi during the 15th or 16th century but
now serves only as a sewage and excess rainwater outlet from the city of Kolkata.

The river bed is completely silted and presently it is almost in dying condition.

Gosaba

The waters of Matla and Harinbhanga (Raimangal) through a large number of canals
from it.
The river flows through the reserve forests.

Harinbhanga

The river begins from Saheb Khali in North 24 Parganas and is connected with the
Rampura Khal by the Barakalagachi River and with the Gosaba River through the
river Terobhanki.

The Harinbhanga (also known as Ichamati and Raimangal) forms a natural

demarcation between India and Bangladesh.

Source: Mitra et al., 2019, Indian Sundarbans: An abode of brackish water fishes.

1.4 FISH FAUNAL DIVERSITY

The Sundarban mangroves are home to a diverse range of fish species, which
play an important role in the ecosystem. The mangroves provide an ideal environment
for breeding marine organisms, particularly fish, due to the extensive mudflats and
unique influence of the Bay of Bengal's basin features. The region experiences seasonal
monsoons, depressions, and cyclonic storms, along with high rainfall and river runoff,
resulting in significant sea level fluctuations. The large amount of river runoff,
including nutrient and sediment loads, from the Indian subcontinent, along with the
hydrographic circulation, sea level fluctuations, and monsoonal currents, significantly
affect the physicochemical parameters of the region. These factors, in turn, impact the
diversity of animal communities, including fish, in the Sundarban estuarine waters
(Chandra et al., 2017), high fish diversity observed in the region is the result of the

interplay of all these factors.

About 350 species belonging to 225 genera, 86 families distributed in 25 orders
occurring in this region. Cartilaginous fishes or Elasmobranchs comprise only 10.3%

of fishes known, i.e., 36 species belonging to 21 genera, 10 families and 6 orders. The



rest, 314 species (89.7%) in 204 genera, 76 families and 19 orders are bony fishes.
Among the fishes occurring in Indian Sundarban, the family Gobiidae is the most
diverse group with 40 species, followed by Sciaenidae (18 spp.) and Engraulidae (17
spp.). The highest representation of elasmobranchs is by the grey sharks
(Carcharhinidae, 10 spp.), followed by stingrays (Dasyatidae, 9 spp.) (Chandra et al.,
2017).

The primary freshwater fishes of Sundarban are represented by twenty families,
such as Notopteridae (1 sp.), Cyprinidae (14 spp.), Cobitidae (1 sp.), Horabagridae (1
sp.), Bagridae (6 spp.), Schilbeidae (2 spp.), Siluridae (3 spp.), Sisoridae (1 sp.),
Pangasidae (1 sp.), Clariidae (1 sp.), Heteropneustidae (1 sp.), Adrianichthyidae (1 sp.),
Aplocheilidae (1 sp.), Synbranchidae (2 spp.), Mastacembelidae (3 spp.), Datnioididae
(1 sp), Badidae (1 sp.), Nandidae (1 sp.), Anabantidae (2 spp.), Osphronemidae (3 spp.),
Channidae (4 spp.), with just 51 species. However, only 20 species (marked with F)
found in Sundarban prefer freshwater regime, while 23 species are marine forms
(marked with M), foraying into the brackish waters of Sundarban. Four recorded
species are known to live exclusively in brackish water (Chandra et al., 2017).

Altogether 108 species are known to inhabit fresh to marine waters (M-B-F),
having high tolerance to fluctuation of salinity, while 57 species usually move between
fresh and brackish water regions (F-B or B-F). As many as 138 species are usually
marine forms (M-B) that spend considerable periods of their life cycle in

estuarine waters (Chandra et al., 2017).

Fishes occurring in estuarine waters around Sundarbans are edible. Of them,
43.1% of fishes (151 spp.) are commercially important and significantly contribute to
the fisheries of the region. Further, 29.1% of fishes (102 spp.) are of minor fisheries
interest. At least 21.4% (75 spp.) of species are ornamental fishes and hence have the
potential for aquarium trade. According to Ghosh et al. (2003), 45 species come under
classified aquarium fish category. The Spotted Scat, Scatophagus argus, is a very

attractive and hardy fish, suitable for aquariums (Chandra et al., 2017).



1.5 AIM AND OBJECTIVES

The present study aims to assess the food fish diversity of the brackish waters of Indian

Sundarbans and their conservation status.
To achieve the aim following objectives were undertaken —

1. Conduct a comprehensive survey of fish sellers and quantify the diversity of
food fish species in the Sundarbans.

2. Identify and record the presence of various fish species in the study area.



2. REVIEW OF LITERATURE




Malnutrition has significantly increased over the past five decades, affecting
more than 30% of the global population. Undernourishment and inadequate nutrient
intake contribute to food-related diseases, perpetuating hunger as a leading cause of
mortality worldwide (Tacon and Matian, 2013). The rapid expansion of the world's
population presents a formidable challenge for food markets, striving to meet escalating
demand. By 2050, the global population is projected to exceed 9 billion (Adam, 2021).
However, reliance on terrestrial meat-based sources to fulfill protein requirements
introduces a new dilemma over-nutrition and associated health issues, including

obesity, coronary heart disease, diabetes, and hypertension (Tacon et al., 2020).

Aguatic animal foods offer several advantages over other dietary sources. Their
proteins exhibit high digestibility and biological value, closely mirroring the essential
amino acid (EAA) profile recommended for daily human consumption by the World
Health Organization (WHO, 2007). Additionally, aquatic foods serve as a rich source
of vitamin D, crucial for bone health. However, the standout feature lies in their
abundant concentration of long-chain polyunsaturated fatty acids (PUFA), specifically
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). These omega-3 fatty
acids are vital to human well-being (Verbeke et al., 2005). When compared to
alternative protein sources, aquatic foods emerge as a suitable and healthful choice to

meet global nutritional requirements.

According to Fisheries Statistics (2020), India has been endowed with abundant
water resources, making it the second-largest producer of aquaculture globally after
China. The total fish production of India from the Brackish/ Marine resources is 41.27
lakh tonnes with an annual average growth rate of 18.7%, where West Bengal
contributes 1.91% (Fisheries Statistics, 2022).

According to Whitfield (1992), an estuary is generally considered a transitional
ecosystem between a freshwater river and a saltwater ocean; however, a global
definition of an estuary is still debatable because of the extreme variability of estuarine
morphology, environment, biology, ecology and so on (Paul et al., 2019). Estuaries,
under their inherent characteristics, abundant nutrient availability, and thriving primary
producers emerge as some of the world’s most productive ecosystems. These
transitional water bodies face significant modification and threats, necessitating careful

conservation efforts (Blaber, 1988). However, Estuaries play crucial roles as fish



nurseries, overwintering grounds, and migration routes. These transitional ecosystems
naturally support diverse fish populations. Despite extensive research on estuarine fish
fauna, the focus has often centered on the high-saline segments of estuaries and species

dependent on these environments (Odum, 1978).

In India, estuarine systems covering more than 300,000 hectares play a vital role
in fisheries resources. These ecosystems significantly contribute to overall fish
production (Sugunan and Sinha, 2001). The Hooghly Estuary, spanning approximately
295 kilometers from its confluence with the Bay of Bengal to Nabadwip in the Nadia
district of West Bengal, holds the distinction of being India’s largest estuary. Alongside
the Matla estuarine system to the east, it forms one of the world’s largest estuarine
networks. This vital ecosystem serves as the backbone of inland capture fisheries in
India. The Hooghly’s main channel exhibits a mixohaline nature, with salinity levels
ranging from freshwater conditions to over 30 in different segments during various
seasons. Remarkably, it encompasses approximately 14.05% of the total length of the
River Ganga within India (Roshith et al., 2013).

The Hooghly estuary forms the western border of the Gangetic Delta and has
special significance for detailed hydrobiological studies as the tidal influence is seen
throughout the estuary due to its funnel-shaped sea face which is well suited for
optimum tidal flux (Roshith et al., 2013).

According to Nandy et al. (1983) Historically, observations on the Hooghly
estuary predominantly spanned the pre-Farakka period (before 1975). During this era,
the Ganga River primarily discharged into the Padma River (flowing through
Bangladesh), depriving the Bhagirathi-Hooghly River system of a consistent freshwater
supply. Consequently, heavy siltation ensued. Simultaneously, saltwater ingress from
the Bay of Bengal during high tides prompted estuarine and marine species to extend
their distribution toward the upper estuarine reaches. This ecological transformation
displaced freshwater fish species, ultimately rendering the Hooghly estuary

predominantly marine in its fish fauna composition.

Early surveys by Hamilton-Buchanan (1922) extensively explored the Gangetic
delta complex, focusing on fish fauna. Subsequent works by Hora (1933, 1934, 1936,
1943), Pearse (1932), Prashad et al. (1940), Talwar (1991), and Talwar et al. (1992)

have provided valuable insights into the fish resources of the Indian Sundarbans. The



catch composition in this tropical mangrove ecosystem follows a distinct pattern:
Bombay duck > Catfishes > Clupeids > Prawns > Croakers > Pomfret > Ribbon fish >
Sardines > Elasmobranchs > Eels. Despite existing threats, the annual landing data from
the Indian Sundarbans region indicates a positive trend in fish production within this

deltaic region.

Numerous researchers have explored the taxonomic richness of fish species
within the mangrove-dominated Sundarbans deltaic complex. Jhingran (1982)
meticulously documented a total of 172 species, emphasizing that species diversity is
notably higher in the high-saline zone (lower estuarine stretch) of the Indian
Sundarbans. His findings revealed 73 species of freshwater origin and 99 species
adapted to marine/higher salinity conditions. Mandal and Nandi (1989) contributed by
documenting 141 species of finfish across 100 genera, while Chaudhuri and Choudhury
(1994) extended this knowledge with records of 250 species spanning 96 genera in the
waters of the Indian Sundarbans. Khan (2003) further recorded 107 species within the
Sundarbans Biosphere Reserve region, although this figure does not account for species

restricted to the low-saline upper zone of the Hugli—-Matla estuarine complex.

According to Mitra et al., (2013) within the mangrove-dominated estuarine
complex, a significant proportion of fish species exhibit euryhaline characteristics.
These adaptable species freely traverse the salinity gradient, moving from the upper
reaches of minimal salinity to the lower stretches of maximum salinity. Their wide
range of salinity adaptation suggests that climate change may impact them to a lesser
extent. However, species confined solely to the lower Hugli-Matla estuarine complex,
near the Bay of Bengal, or within the upper freshwater-dominated zone face heightened

vulnerability due to their narrower ecological tolerance.

As reported by Mitra et al. (2013) The fish fauna inhabiting the estuarine waters
around the Indian Sundarbans can be classified into two groups: residents and transients
(migrants). Resident species are present throughout the year, regardless of the estuary
zone. Notable resident fish species include Mugil parsia, Mugil tade, Polynemus
paradiseus, Polydactylus indicus, Otolithoides biauritus, Lates calcarifer, Hilsa toli,
Arius jella, Harpodon nehereus, Setipinna taty, Ilisha elongata, Setipinna phasa, Coilia
ramcarati, Pama pama, and Sillaginopsis panijus. In contrast, transient or migratory

fish species briefly enter and inhabit the Bay of Bengal-associated estuaries



Depending on their migratory pattern and direction, the migrants are divided into three

categories (Jhingran, 1982):

1. Marine forms that migrate upstream and spawn in freshwater areas of the
estuary like Tenualosa ilisha, Polynemus paradiseus, Sillaginopsis panijus, and
Pama pama.

2. Freshwater species, which spawn in saline areas of the estuary like Pangasius
pangasius.

3. Marine species that spawn in less saline water of the estuary like Arius jella,

Osteogeneious militaris, and Polydactylus indicus.

Chandra et al. (2017) reported The Indian Sundarbans had an impressive array
of fish species, totaling approximately 350. These species span 225 genera, 86 families,
and 25 orders. Notably, cartilaginous fishes (Elasmobranchs) constitute a mere 10.3%
of the known fish diversity, comprising 36 species across 21 genera, 10 families, and 6
orders. In contrast, bony fishes dominate, accounting for 314 species (or 89.7%)
distributed across 204 genera, 76 families, and 19 orders. Among the fish inhabiting the
Indian Sundarbans, the family Gobiidae stands out as the most diverse group, boasting
40 species. Following closely are the Sciaenidae family (with 18 species) and the
Engraulidae family (with 17 species). Elasmobranchs, represented primarily by grey
sharks (Carcharhinidae, 10 species) and stingrays (Dasyatidae, 9 species), contribute

significantly to the region’s marine biodiversity.

The Sundarban region is home to a diverse range of freshwater fish, there are
51 species belonging to twenty families. However, not all of these species are exclusive
to freshwater. Only 20 species prefer a freshwater environment. On the other hand, 23
species are marine, that venture into the brackish waters of Sundarban. Additionally,

four species are known to inhabit brackish water exclusively.

As mentioned by Ghosh et al. (2003), 45 species come under the classified
aquarium fish category among the fishes found in Sundarbans. The Scatophagus argus,
commonly referred to as the Spotted Scat is a species of fish belonging to the

Scatophagidae family. They are widely distributed in coastal muddy areas including
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estuaries, mangroves, harbors, and the lower courses of rivers. In addition to being a
popular food fish, the Spotted Scat is also highly sought after as an aquarium fish
(Ahmed et al., 2022).

Ahmed et al, (2022) reported through interviewing the local people, that the
Lepidocephalichthys guntea, Scatophagus argus, Gobiopterus chun, Oryzias
malastigma, Brachygobius sua, Ailia coilia, Mestaeembelus armatus, Macrognathus
aculeatus, Mastacembelus pancalus are facing a very threatened condition due to the
Indiscriminate harvesting of fish species from their natural habitat is regularly done by
the rural people which may lead to serious stock depletion. It is evident especially in
the case of Puntius sarana which is not available now but was common thirty years
back.

Sundarban mangrove forest is the most threatened habitats in the world
(Rahman 2009). The increased population with few alternative livelihood opportunities
(e.g., crop farming, livestock) poses a serious threat to the Sundarban as it is the main
cause of mangrove destruction (Ong 1995; FAO 2003; Ali et al., 2006). Excessive
exploitation and negligence of restocking are the main cause of overall depletion of

growing stocks of the Sundarban forest (Ali et al., 2006).

The volume of the growing stock in the Sunderban forest has decreased from
20.3 million cubic meters in 1959 to 10.9 million cubic meters in 1996, according to
the FAO (2000) report.

In line with the observations of Rahman (2009) Various human activities, such
as land reclamation, encroachment, and the impact of geomorphic stress due to the neo-
tectonic tilting of the Bengal basin, among others, have led to repeated coastal flooding.
This is exacerbated by climate change (global warming), sea level changes (rise in sea
level), significant silt deposition, loss of biodiversity, and regeneration issues with
mandatory mangrove plants. Other problems include high salinity, a low water table,
acidity issues, loss of soil fertility, coastal erosion, a significant decrease in fishery
resources, and a reduction in the frequency and volume of freshwater reaching the
mangrove environment. This is particularly due to the diversion of freshwater in
upstream areas, especially as a result of the Farakka Barrage built by India, and changes

in the course of main rivers.
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Furthermore, the conversion of mangrove areas for aquaculture and agriculture,
unregulated collection of prawn seedlings, and fishing in reserve forest waters have also
contributed to these issues. Pollution from both inland and offshore sources, including
marine paints and hydrocarbons, excessive use of pesticides and chemicals in
agriculture and industry, exploitation of mineral gas and oil, and a lack of public

awareness are also factors.

Mahapatra et al. (2014), reported that Over-fishing affects heritable life history
parameters like growth and age of sexual maturity. Over-exploitation of fishery
resources due to their higher economic value has exacerbated the vulnerability of the
population in different ecosystems, viz. Tor spp. and Schizothorax spp. in upland
waters, Chitala chitala, Ompok pabda, Pangasius pangasius, Eutropiichthys vacha,
Semiplotus semiplotus, etc. in warm water, Mugil cephalus, Liza tade, Nematolosa
nasus, Lates clacifer, etc. in brackish water and Rhiniodon typhus, Polynumus indicus,
P. heptadactylus, Pomadasy shassta, some sharks, skates and rays etc. in marine

ecosystem; they are declining at an alarming rate.

The IUCN Red List of Threatened Species is widely recognized as the most
comprehensive, objective global approach for evaluating the conservation status of
plant and animal species. The introduction in 1994 of a scientifically rigorous approach
to determine risks of extinction that is applicable to all species, has become a world
standard. There are a number of species in threatened and endangered condition.
Without proper attention those fishes may be extinct from the environment. The
Critically Endangered species are: Erethestis montana montana, Ompok bimaculatus,

Pangasius pangasius (Mahapatra et al., 2015).
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3. METHODOLOGY




3.1STUDY AREA

The study was conducted over three months (January to March 2024) in three
major fish markets (wholesale and retail) in South-24 Parganas, West Bengal (Plate-I,
Fig-3.1 and Plate-Il, Fig-3.2). Those are Namkhana, Diamond Harbour, and Canning.
The selection of those markets because they receive the majority of brackish water food
fish from the Indian Sundarbans (Roul et al., 2022). The fish, primarily captured from
the Hooghly and Matla Rivers of the Gangetic estuary, are landed at those markets and

distributed throughout West Bengal via a fish supply chain model.

3.2 MARKET SELECTION

The brackish water zone of the Hooghly River estuary (21°3824"N to 22.99°N
and 88°04'46"E to 88.40°E) (Qasim, 2003). with a salinity range of 1.1-6.0 ppt.
encompassing the areas of Budge Budge, Nurpur, and Diamond Harbour. Additionally,
the estuarine water zone, characterized by a salinity range of 7.5-22.5 ppt., includes
the area of Lot 8 and Gangasagar (Mitra et al., 2018). The Matla River estuary
(22°11'25"N and 88°39'32"E), part of the Sundarbans estuarine system, is the widest at
26 km and the longest at 125 km, as noted by Chatterjee et al. (2013). It spans from
Canning Town to G-Plot, featuring both brackish and estuarine water zones with
salinity levels of 3.5-27.9 ppt., and discharges into the Bay of Bengal (Roy etal., 2012).

Fishes of the Sundarban region, captured using both traditional and modern
active or passive fishing gear from canals, Khari, rivers, and shallow water areas
(Madhu et al., 2021) are brought to landing centres and subsequently arrive at the

markets of Diamond Harbour, Namkhana, and Canning.

According to Roul et al., (2022) the major species of food fish captured from
the Hooghly River in the Sundarbans, including those from Fraserganj, Kakdwip,
Sultanpur, and Sagardeep, are brought to the landing centre and then to the Namkhana
and Diamond Harbour fish markets, where they are sold at both wholesale and retail
levels. After being captured from various parts of the Matla River, including Sonakhali,
Basanti, Jharkhali, Mollakhali, and Pathar Pratima Island, a significant quantity is
transported to the Canning fish market. This market's extensive railway connectivity

facilitates the easy transportation of fish to the northern part of West Bengal and other
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regions of India. A smaller portion of the total catch is also transported via waterways
to the Namkhana, Kakdwip, Diamond Harbour, and Digha fish markets.

3.3 DATACOLLECTION

3.3.1 PRIMARY DATA COLLECTION

The study was conducted and data was collected from January 2024 to March
2024 by Field surveys. Study areas of Namkhana, Diamond Harbour, and Cannings
were visited during the particular period when the market starts, for collection the

information such as the market fish species supply and relevant marketing information.

3.3.2 SECONDARY DATA COLLECTION

Throughout the survey, the data was collected from the respondents by
following the method of structured interview schedule (Kothari, 2004). Numerous
shops were visited and a total number of 111 respondents were personally interviewed
based on convenience sampling technique (Kothari, 2004) to gather data, among them
51 respondents were from the Canning fish market, 40 respondents were from
Diamond Harbour and 20 respondents were from the Namkhana fish market. The
interviews aimed to collect information on fish marketing, the origins of fish in the

market, and the quantities of fish landed on a daily and seasonal basis at the market.
3.3.3 IDENTIFICATION, DATA PROCESSING AND ANALYSIS

The identification of the specimens was conducted using taxonomic keys
specific to the fish species of the Indian subcontinent. This process was supported by
reference to authoritative texts on Indian ichthyology, including works by Talwar and
Jhingran (1991), Jayaram (1999, 2010), Chanda and Bhattacharya (2002), Rao (1989),
and the Fish Base (2019). Morphometric methods were primarily employed for
species identification. The bulk of the fish specimens observed in the market were
identified directly on-site (Sit et al., 2021).

Photographs were captured using a standard mobile camera, while images
featuring landmarks were taken with applications such as G-Cam. The processing and
analysis of data were conducted utilizing Microsoft Excel and all information was

systematicallyrecorded in a database system.
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4. RESULTS




The present study aims to assess the food fish diversity of the brackish waters
of Indian Sundarbans, analyse the threats, challenges, and conservation programs.

4.1 MARKET STRUCTURE ANALYSIS

The study surveyed three major markets in the Indian Sundarbans. These
markets are the primary destinations for various species of brackish water food fishes
after they are caught. The fishes are brought to these markets for sale at both wholesale
and retail levels. The market structure analysis was based on the major dimensions
namely, location, type of market, timing, access, arrival and disposal sources, conduct,
infrastructure amenities, market union and regulation. The market structure of these
markets was analyzed and the details are given in Table 4.1.1. The market access
indicated that the distance from the landing center to the markets are almost 3300 m to
4 km and bus station is about 40 m to 1 km. Dumdum airport and Haldia/Shyama Prasad
Mookherjee Seaport are the nearest airports and seaports to these markets. Due to good
connectivity by highway roads and rail, transportation of fish from one place to another

is done in a very short span of time.

The observations on market arrivals and disposals, as presented in Table 4.1.2,
indicate that fish caught from the Hooghly-Matlah estuarine system primarily come
from Namkhana, Freserganj, Sagardeep, Pathar Pratima, Jhorkhali, Basanti, Molla
Khali, among others. These fish are then sold in various markets including Howrah,

Basirhat, Kolkata, Pathar Pratima, Jaynagar, Magrahat, Falta, Geonkhali, etc.

Table 4.1.1: Market structure of major fish markets.

Market (1) Market (2) Market (3)

Namkhana Bazar Diamond Harbour market  Canning fish market

Markets’ detail

A. Location

Latitude/Longitude position ~ 21.765677°N, 22.178389°N, 22.313686°N,
88.238552°E 88.197351°E 88.670442°E

Year of establishment 1977 1975

Type of market Wholesale Wholesale and Retail Wholesale and Retail

Area of the market (acres) 15 Decimal 33 Decimal 45 Decimal

Market control Local Body Local Body Local Body
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Market (1)

Namkhana Bazar

Markets’ detail

Market (2)
Diamond Harbour market

Market (3)
Canning fish market

B. Market Access

Nearest landing centre (km)  Namkhana Sultanpur fish harbour Canning jetty ghat
300m 4km 950m

Nearest railway station (km)  Namkhana Diamond Harbour Canning jn.
1.5km 1040m 400m

Nearest bus station (km) Namkhana Diamond Harbour Canning station
1km 40m 350m

Nearest airport (km) Dumdum Dumdum Dumdum
135km 85km 53km

Nearest seaport (km) Shyama- Shyama- Shyama-

Prasad Mookherjee
115km

Prasad Mookherjee
60km

Prasad Mookherjee
50km

C. Market Timing 3:30PM -5:30PM

6:00 AM-12:00AM and
4:30PM -9:00 PM

4:30AM - 8:30AM,

10:00AM - 1:00PM
and

7:30PM —9:30PM

D. Market conduct

Wholesale shop no. 22 35 153
Retail shop no. 10 20
Middlemen 0 0 0
Commission agents 12 0 0

Table 4.1.2: Market arrivals and disposal of various fish species in selected markets of West Bengal.

Market Arrival Disposal
Namkhana (40%), Freserganj (20%), .
Namkhana Bazar Sagardeep (20%) and Pathar Howrah, Bas!rhat, Kolkata and Pathar
. Pratima etc.
Pratima (20%)
. Freserganj (40%), Namkhana (20%),
Diamond Harbour Kakdwip (20%), Sultanpur (10%) Jaynagar, Magra_hat, Falta and
market Geonkhali etc.

and Sagardeep (10%)

Jhorkhali (30%), Basanti (20%), Pathar
Pratima (20%), Molla khali (20%),
Namkhana (10%).

Howrah, Kolkata, Diamond Harbour

Canning fish market
etc.
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4.2 SPECIES AND MARKET DIVERSITY ANALYSIS

The current study has identified a total of 35 species of brackish water food fish

in the three surveyed fish markets, providing an assessment of the food fish diversity in

the Indian Sundarbans. The taxonomic classification of various fin fishes along with

their common names, is presented in Table 4.2.1 all the species are shown in Plate- V,

VI and VII. The study found that the orders Perciformes, Clupeiformes, and

Siluriformes are the most prevalent. Specifically, there are 8 species from 4 families

within the Perciformes order, and 6 species from 3 different families each within the

Clupeiformes and Siluriformes orders.

Table 4.2.1: Recorded Brackish water fin fish species from the selected fish markets.

Order Family Fish Species Common name
. . Lepturacanthus savala S
Trichuridae (Cuvier, 1829) Savalai hairtail
. Lates calcarifer .
Latidae (Bloch, 1790) Barramundi
Polynemidae Polynemus paradiseus Paradise threadfin

Perciformes
Sciaenidae

Stromateidae

Dorosomatidae

Engraulidae
Clupeiformes

Clupeidae

Siluridae
Siluriformes

Plotosidae

(Linnaeus, 1758)
Macrospinosa cuja.
(Hamilton, 1822)
Nibea coibor.
(Hamilton, 1822)
Nibea soldado.
(Lacepede, 1802)
Pampus argenteus.
(Euphrasen, 1788)

Parastromateus niger.
(Bloch, 1795)

Anodontostoma chacunda.

(Hamilton, 1822)

coilia dussumieri
(valenciennes, 1848)

Coilia reynaldi
(valenciennes, 1848)

Thryssa dussumieri
(Valenciennes, 1848)

Tenualosa llisha
(Hamilton, 1822)

Gudusia chapra
(Hamilton, 1822)
Bagarius bagarius
(Hamilton, 1822)
Ompok pabda
(Hamilton, 1822)

Ompok bimaculatus
(Bloch, 1794)
Pangasius pangasius
(Hamilton,1822

Plotosus canius
(Hamilton, 1822)
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Largespine croaker
Coibor croaker
Soldier croaker
Silver pomfret
Black pomfret

Chacunda gizzard shad

Goldspotted grenadier
anchovy

Ranald’s grenadier
anchovy

Dussumier’s thryssa
Hilsha shad

Indian river shad
Goonch

Pabda catfish

Butter catfish
Pangas catfish

Gray eel-catfish



(Hamilton, 1822)

Order Family Fish Species Common name
A . Mystus gulio ; .
Siluriformes Bagridae (Hamilton, 1822) Long whiskers catfish
Liza macrolepis Lar le mullet
. . (Smith, 1849) argescale mulle
Mugiliformes Mugilidae -
Mugil cephalus Flathead gray mullet
(Linnaeus, 1758) gray mu
Cyprinodontiformes Nandidae Nandus nandus Gangetic leaffish

Acanthuriformes

Scatophagus argus

Scatophagidae (Linnaeus, 1766) Spotted scat
Leiognathidae Devexme(r;}gmiItonni%ozgl)us Deep pugnose ponyfish

Carangiformes

Carangidae

Atule mate
(Cuvier, 1833)

Yellowtail scad

Pleuronectiformes

Cynoglossidae

Cynoglossus lingua
(Hamilton, 1822)

Long tongue sole

Aulopiformes

Synodontidae

Harpadon nehereus
(Hamilton, 1822)

Bombay-duck

Synbranchiformes

Sciaenidae

johnius gangeticus
(Talwar, 1995)

Ganges croaker

Anguilliformes

Muraenesocidae

Muraenesox bagio
(Hamilton, 1822)

Common pike conger

Sillago sihama

Eupercaria Sillaginidae (Forsskal, 1775) Silver sillago
Carangaria Sphyraenidae (Scpml/:s;a nfSEt;;usata Obtuse barracuda
Trypauchen vagina
Gobiiformes Gobiidae (Bloch and  Schneider, | Burrowing goby
1801)

Beloniformes

Zenarchopteridae

Zenarchopterus striga
(Blyth, 1858)

Hooghly halfbeak

Scorpaeniformes

Sparidae

Acanthopagrus datnia
(Hamilton, 1822)

Bengal-
yellowfin seabream

The findings of the current study (Plate-111, Fig-4.1) showed the percentage

contribution of various orders in the markets. The order Perciformes has the highest

contribution at 21%. Both Clupeiformes and Siluriformes contribute 18% each.

Mugiliformes and Acanthuriformes each contribute 6%, while each of the other 11

orders contributes 3%.

Plate-111, Fig-4.2 displays the relationship between the families and species

within various orders. The figure indicates that the order Perciformes has a higher

percentage of species and families, at 20% and 16.67% respectively, compared to other

orders. This makes it the largest contributor. The orders Clupeiformes and Siluriformes

follow, each contributing the same percentage of species and families (17.65% and

12.50% respectively). Other orders, such as Cyprinodontiformes, Carangiformes,

Pleuronectiformes, Aulopiformes, Synbranchiforme, Anguilliformes, Eupercaria,




Carangaria, Gobiiformes, Beloniformes, and Scorpaeniformes, have a lower

contribution of species and families, at 2.94% and 4.16% respectively.
4.3 ANALYSIS OF SPECIES AVAILABILITY AND THEIR DOMINANCE

As illustrated in Plate- IV, Fig- 4.3 from the current study, it indicates the
seasonal variations in fish availability. During the Monsoon season, the quantity of
daily fish landing is notably higher than in the other seasons. The amount of fish landed
in monsoon season is the highest (around 50 Tons per day) at the Canning fish market
compared to Diamond Harbour (Around 35-40 Tons per day) and Namkhana fish
market (Around 40 Tons per day), in other seasons the quantity is reduced to around 7-
30 Tons per day.

The fish specimens recorded from all three major markets of Indian Sundarbans
were provided in Table 4.3.1 with dominance of availability. The table indicates that
fish species such as Lepturacanthus savala, Nibea coibor, Nibea soldado, coilia
dussumieri, Coilia reynaldi, Harpadon nehereus, johnius gangeticus are highly
dominant in the three markets. On the other hand, fishes such as Tenualosa llisha,
Cynoglossus lingua are less dominant but are still present in all three markets. A Few
fishes like Bagarius bagarius, Plotosus canius, Nandus nandus, Deveximentum
ruconius, Atule mate, Sillago sihama, and Acanthopagrus datnia are scarcely available

and are found only in specific markets.

4.4 EVALUATION OF THE CONSERVATION STATUS OF REPORTED
SPECIES

The findings of our study, as depicted in Table 4.3.1 and Plate-1V, Figure 4.4,
highlight the fish specimens observed across all three markets, each with their
respective conservation statuses. The conservation status of all taxa listed in this table
is derived from the International Union for Conservation of Nature and Natural
Resources (IUCN) Red List Categories and criteria. Based on this market-based survey,
35 fish species were recorded from three selected fish markets in the Indian Sundarbans.
Among these species, 18 species, contributing to 50% of the total, were classified as
'‘Least Concern' (LC). 2 species, making up 6% of the total, were categorized as 'Near
Threatened' (NT), and 1 species, contributing 3%, was classified as "Vulnerable' (VU).
Additionally, 12% of the species were classified as 'Data Deficient' (DD), and 29% of
the species fell into the 'Not Assessed' (NA) category.
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able 4.3.1: Species availability at the market and their IUCN status.
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Diamond

(Hamilton, 1822)

. . Namkhana : Canning Diversity
Fish Species : Harbour Fish .
fish market Market fish market Status
Scatophagus argus
(Linnaeus, 1766) ¥ ¥ ¥ LC
Deveximentum  ruconius N ] ) NA
(Hamilton,1822)
Atule mate
(Cuvier, 1833) - ¥ ¥ LC
Cynoglossus lingua
(Hamilton, 1822) * * * LC
Harpadon nehereus
(Hamilton, 1822) T Tt T NA
j((')rgr;\iy:r?fggg;icus ++++ ++++ ++++ DD
Muraenesox bagio
(Hamilton, 1822) * * o LC
Sillago sihama
(Forsskal, 1775) * i * LC
Sphyraena obtusata
(Cuvier, 1829) + - + NA
Trypauchen vagina et -+ ++ NA
(Bloch and Schneider, 1801)
Zenarchopterus striga
(Blyth, 1858) * * Tt NA
Acanthopagrus datnia + + i DD

Abbreviations:

1) For availability: ‘++++’- highly dominant, ‘+++’- dominant, ‘++’- moderately dominant, ‘+’- less

dominant, ¢-’- not available.

2) For IUCN status: DD = Data deficient, LC = Least concern, NA = Not assessed, NT = Near

threatened
VU = Vulnerable.
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Fig 4.1: Percentage contribution of different orders in markets.
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Fig 4.2: Relationship between family and species under various orders of fishes in markets.
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Fig 4.3: Seasonal variation in fish availability

Fig 4.4: Conservation status of reported fish species.

PLATE -1V



B

NS
& N\ -4 S

Fg 4.2.10 - coilia dussumieri

\ 3

Fig 4.2.11 - Coilia reyn

PLATE-V



B — et
Fig 4.2.18 - Pangasius pangasius

e N——

iy

Y A .
4.2.24- Scatophagus argus

¥

o T—

Fig 4.2.28 - Harpadon nehereus Fig 4.2.29 - Johnius gangeticus

PLATE - VI



Fig 4.2.33 - Trypauchen vagina

Fig 4.2.34 - Zenarchopterus strAi'ga | Fig 4.2.35-
Acanthopagrus datnia

PLATE - VII



5. DISCUSSION




The Sundarbans, the largest single block of mangrove ecosystem in the world,
is located in the estuary of the river Ganges, spanning an area of about one million
hectares in South-west Bangladesh and the South-eastern part of the State of West
Bengal in India (Hoq, 2003). The Sundarbans mangrove forest was declared as a
“Reserve Forest” in 1875-76 under the first Forest Act of the then British India. As a
reserve forest, control over fishing within Sundarbans is exercised by the Forest
Department and the output from the fishery is regarded as “minor forest products”

(IUCN, 1994).

The state of West Bengal is the second largest fish producer in India (after
Andhra Pradesh) and is dominated by production from the South and North 24 Parganas
districts. Total fish production of the state was 1.6 million tons in 2000-2001 which was
increased to tune up the production of 1.5 million tons in 2013-2014 from an
approximately 5.45 lakh ha area (Fisheries statistics, 2014). In the inland sector of India,
about 30% of fish production comes from the state of West Bengal. The inland
aquaculture production of West Bengal increased from 0.88 million tons in 2000-2001
to 1.39 million tonnes in 2013-2014 (Fisheries statistics, 2014). The total fish
production of India from the Brackish/ Marine resources is 41.27 lakh tonnes with an
annual average growth rate of 18.7%, where West Bengal contributes 1.91% (Fisheries
Statistics, 2022).

The Brackish water fishes having high commercial importance are captured
mostly from beaches, mudflats, coastal dunes, sand flats, estuaries, creeks, canals,
inlets, and mangrove swamps and transported through small boats (Dinghi/ Dingi
Nauka), Trawlers to the nearest landing points where grading has been done according
to the size, freshness, demand, etc (Acharya et al., 2021). Fishes from the Sundarbans
were captured by using different traditional active and passive fishing gears such as
Khepla jal (Cast net), Stake net, Charpata jal, Khalpata jal (Kind of barrier net),
Behundi jal (Basal Jal), Scoop net, Drag net, Gill net (Current jal), different types of
Traps, different types of hooks and line (Acharya et al., 2021).

The fish captured (Commercial and non-commercial) throughout the
Sundarbans is landed at the canning landing center named Port Canning (Canning Jetty
ghat), this port canning is also called the Gateway of Sundarbans (Gokul et al., 2017).

Subsequently, Fishes are transported to the Canning Fish market as it is the only nearest
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market located at a distance of 950m. Additionally, the Namkhana and Diamond
Harbour fish markets are the only major market nearest to the Brackish water zone of
river Hooghly and are located at a distance of 300m to 4km from the landing center
(Roul et al., 2022), where all the fish captured from the Hooghly estuarine system of
Sundarbans landed and then transported to other parts of West Bengal, Kolkata and
different parts of India for commercial purposes (Roul et al., 2022). During the study
period, the same observation was found about the supply system of fishes reported
previously by Gokul et al. (2017) and Roul et al. (2022).

The present study aimed to assess the food fish diversity of the brackish waters
of the Indian Sundarbans and analyse the threats, challenges, and conservation

programs.

Over 120 species of fish are said to be commonly caught by commercial
fishermen (Seidensticker and Hai 1983) among them 35 species are found during the
study. The study observed that during the Monsoon season, the quantity of daily fish
landing is notably higher than in the other seasons. The amount of fish landed in
monsoon season is the highest (around 50 Tons per day) at the Canning fish market
compared to Diamond Harbour (Around 35-40 Tons per day) and Namkhana fish
market (Around 40 Tons per day), in other seasons the quantity is reduced to around 7-
30 Tons per day. The order Perciformes has the highest contribution at 21%. Both
Clupeiformes and Siluriformes contribute 18% each. Mugiliformes and
Acanthuriformes each contribute 6%, while each of the other 11 orders contributes 3%
to the three major fish markets of Indian Sundarbans. The order Perciformes has a
higher percentage of species and families, at 20% and 16.67% respectively, compared
to other orders. This makes it the largest contributor. The orders Clupeiformes and
Siluriformes follow, each contributing the same percentage of species and families
(17.65% and 12.50% respectively). Other orders, such as Cyprinodontiformes,
Carangiformes, Pleuronectiformes, Aulopiformes, Synbranchiforme, Anguilliformes,
Eupercaria, Carangaria, Gobiiformes, Beloniformes, and Scorpaeniformes, have a
lower contribution of species and families at 2.94% and 4.16% respectively. No
recorded data regarding the order, family and species dominance of fishes were found

in this study area. The observations made by the researcher are newly found.
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In this study, the conservation status of all taxa was determined using the
International Union for Conservation of Nature and Natural Resources (IUCN) Red List
Categories and criteria. The study has identified 35 fish species from three selected fish
markets in the Indian Sundarbans. Half of these species (18 out of 35) fell under the
‘Least Concern’ category. A small portion of the species (6%) were classified as ‘Near
Threatened’, and one species (3% of the total) was deemed ‘Vulnerable’. Furthermore,
12% of the species were labeled as ‘Data Deficient’, and 29% have not yet been
assessed. Fish species such as Ompok pabda, Ompok bimaculatus are found under the
IUCN Near Threatened category (NT) and one species namely Bagarius bagarius
found under the IUCN Vulnerable (VU) species category.

A market-based survey was conducted by Das et al., (2011) at three Kolkata-
based fish markets. They have reported a total number of 52 fin fish and shellfish
species of both fresh and brackish water origin and found 8 of them under the
Threatened category including fishes like Tenualosa ilisha, and Ompok pabda based on
the National Bureau of Fish Genetic Resources diversity criteria. These two threatened
species were also found with significant dominance in terms of availability during the
study period. Therefore, appropriate conservation measures are necessary to maintain

their populations.

As per the findings of the study, the species Bagarius bagarius was recorded
under the IUCN Vulnerable (VU) category. Throughout the world, in Bangladesh it
falls under the Threatened Category as its abundance in Bangladesh has declined by a
considerable amount since the 1990s and the causative agents of this deterioration are
mostly anthropogenic (Saha et al., 2021). In India, the population of this species in
southern West Bengal met a significant downfall of about 29.2% within four decades
(1960 to 2000) (Mishra et al., 2009). According to a study by Nath and Patra (2015),
the fish species Bagarius bagarius is exceptionally rare in number within the Hooghly
River of West Bengal. This scarcity is attributed to ecological degradation in the Ganga
River basin, which arises from factors such as soil erosion, discharge of city effluents,
industrial pollution, and urbanization. Consequently, the maximum population size of
this species has significantly diminished compared to previously reported levels.
Therefore, the findings from this study suggest effective conservation measures through

spreading proper awareness at the local level should be implemented.
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It's important to remember that the whole Sundarbans region has a wide range
of fisheries and aquaculture operations. These include coastal fisheries, brackish water
and estuary aquaculture, riverine and estuarine fisheries (\Venkatachalam et al., 2018).
The Asian seabass (Lates calcarifer) is one of the most commercially important
brackish water fish which is cultured into various ponds, water bodies under integrated
mangrove-aquaculture and open-aquaculture systems (Venkatachalam et al., 2018).

Tenualosa ilisha is the state fish of west Bengal. The fish is commonly known
at West Bengal as Ilish in Bengali. The fish is marine; freshwater; brackish; pelagic-
neritic; anadromous in nature. Within a tropical range; 34°N-5°N, 42°E-97°E in marine
and freshwater. It can grow up to 60 cm in length with weights of up to 3 kg. The fish
schools in coastal waters and ascends up the rivers for around 50-100 km to spawn
during June to September and also in January to March. The Hilsa production declining
year to year due to the over exploitation of juveniles and brooders are the main threats
of llisha (Kumar et al., 2022). If any population is affected by the ‘recruitment
overfishing’, the population might be seriously hampered to attain the sustainable yield
in the long run, so the fishing regulation must be strong for Hilsa to make this species
sustain for a long time in future. Towards conservation of this high value fish the
Department of Fisheries; West Bengal established the country’s first ever dedicated
Hilsa Conservation and Research centre (HCRC) at Diamond Harbour, South 24

Parganas (Kumar et al., 2022).

Due to factors such as human modifications to the environment,
overexploitation, habitat loss, entry of exotic species, use of poison, habitat alteration
and water diversion siltation, water abstraction, low water velocity and others, have
made the aquatic biodiversity is greatly threatened (Kumar and Pandey, 2013). To
preserve these threatened species for future generations, immediate action in the form
of aquatic biodiversity conservation strategies is necessary. The conservation policy
should promote the management practices that maintain integrity of aquatic ecosystem,
prevent endangerment and enhance recovery of the threatened species. Through the
probability of inbreeding in hatchery-bred seed normally cannot be ruled out,

conservation aquaculture is gaining importance in rehabilitation programmes of
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endangered/threatened fishes. Interestingly, sea bass (Lates calcarifer) a vulnerable
species of the brackish water, has been successfully cultured in West Bengal for about

6 months by stocking the hatchery-produced seed (Kumar and Pandey, 2013).

The Department of Fisheries, Government of West Bengal (Kumar and Pandey,

2013) is trying to conserve these species with the following objectives:

1. Brood stock management: Artificial breeding of threatened species for
restocking in their natural habitat and to establish gene banks using
cryopreservation techniques.

2. To overcome disease problems in larval rearing tanks and culture ponds.

3. To generate income, self-employment and skill for interested farmers through
demonstration and training.

4. To provide technical support to private hatchery owners to help them to
maximize production of quality seed.

5. For conservation purposes, artificial reproduction techniques are applied to
establish an Endangered Fish Species Breeding Programme. The two main
components of this programme are a) a live gene bank and b) gamete/embryo
bank.

Apart from the Central government act there are also some state government acts are in
West Bengal. In West Bengal, it was with the enactment of the West Bengal Inland
Fisheries Act, 1984 that environmental concerns regarding water bodies became a part

of policy. Some other relevant statues are:

e The West Bengal Panchayat Act, 1973.

e The West Bengal Town and Country (Planning and Development) Act, 1979 (As
Amended by West Bengal Act 18 of 2001).

e West Bengal Inland Fisheries (Amendment) Act, 1993 and 2008.

e West Bengal Ground Water Resources (Management, Control and Regulation)
Act, 2005.

e The West Bengal Land Reforms (Amendment) Act, 2005.

e West Bengal Trees (Protection and Conservation in Non-Forest Areas) Act,
2006.
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6. SUMMARY




Sundarbans, the world’s largest protruding delta, spans approximately one
million hectares across the Ganges, Brahmaputra, and Meghna rivers. It is shared
between Bangladesh (~60%) and India (~40%). The Indian Sundarbans, located on
India’s northeast coast, cover 9630 square kilometers and are interspersed with
numerous rivers and creeks. This makes most of the area inaccessible, with the rest
being a reserved forest under the Sundarbans Biosphere, a world heritage site. The
Sundarbans encompass about 0.6 million hectares, including 0.4 million hectares of
forest areas and water bodies. The region supplies 15-20% of the major city Kolkata’s
total fish requirements along with the state of West Bengal as a major brackishwater

fish resource.

Fish, one of the best and cheapest sources of animal protein, accounted for
16.6% of the world population’s intake of animal protein in 2009. Globally, fish
provides about 3.0 billion people with almost 20% of their intake of animal protein. In
2010, capture fisheries and aquaculture supplied the world with about 148 million
tonnes of fish, of which about 128 million tonnes were utilized as food. Preliminary
data for 2011 indicate increased production of 154 million tonnes, of which 131 million
tonnes were destined as food. India is the second-largest in aquaculture production in
the world, with fish production during 2010-11 estimated to be 8.29 million tonnes.
Despite the tremendous potential for brackish water fisheries development in India,
commercial cultivation of brackish water finfish is still at a nascent stage.
Commercially, brackish water aquaculture is restricted to shrimp farming utilizing
semi-intensive culture practices mainly with giant tiger prawns. This highlights the
importance of sustainable fishing practices and the need for further development and
regulation in the sector to protect and preserve the rich biodiversity of regions like the

Sundarbans.

This research investigates the food fish diversity of the brackish waters of the

Indian Sundarbans and analyses the threats, challenges, and conservation programs.

The study was conducted over three months (January to March 2024) in three
major fish markets (wholesale and retail) in South-24 Parganas, West Bengal. Those
are Namkhana, Diamond Harbour, and Canning. The selection of those markets is
because they receive the majority of brackish water food fish captured from the

different parts of the Indian Sundarbans. The fish, primarily captured from the Hooghly
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and Matla Rivers of the Gangetic estuary, of Sundarbans, are landed at those markets
and distributed throughout West Bengal via a fish supply chain model. The study was

conducted and data was collected by Field surveys.

The study reveals that during the monsoon season, daily fish landings in the
Indian Sundarbans are significantly higher than in other seasons. Canning records the
highest quantity (around 50 tons per day), followed by Diamond Harbour (around 35-
40 tons per day) and Namkhana (around 40 tons per day). The Perciformes order
dominates, contributing 21%, while Clupeiformes and Siluriformes each account for
18%. Notably, 17 out of 35 species fall under the ‘Least Concern’ category, while a
small portion (6%) is classified as ‘Near Threatened’. Additionally, one species
(Bagarius bagarius) is deemed ‘Vulnerable’. These findings underscore the need for

conservation efforts to protect the rich biodiversity of the Sundarbans.

The Department of Fisheries, Government of West Bengal is actively working
to conserve these fish species. In addition to the central government act, West Bengal
has its own state government acts. The West Bengal Inland Fisheries Act, 1984
specifically addresses environmental concerns related to water bodies, making it an

integral part of policy in the region.
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7. CONCLUSION

AND

RECOMMENDATIONS




7.1 CONCLUSION

Findings of present study revealed that the state and central government have
already taken several measures to conserve the fish biodiversity in the Indian
Sundarbans, Proper conservative measures are mandatory in order to retain as many of
the fish species associated with waterbodies as possible. Since the River basin is
undergoing drastic deterioration as a consequence of anthropogenic activities, the
conservation strategies must be innovative and integrated. Success will depend on the
extent to which conservationists, water commissions, corporations and municipalities
work cooperatively in these places to maintain or restore natural water habitats of the
state. Moreover, there is need to improve knowledge on biodiversity by strengthening
the taxonomic information using computer, image analysis and molecular tools etc.
There is also an urgent need to maintain the integrity of these aquatic ecosystems by

restoring ecological processes of the natural waters.
7.2 RECOMMENDATIONS

This study promotes recommendations for the enhancement and of brackish

water food fish diversity and their conservation in the Indian Sundarbans.

1. Develop innovative conservation approaches tailored to the unique ecosystem
of the Ganga basin.

2. Explore novel methods for ecosystem restoration and species protection.

3. Strengthening taxonomic expertise using computer-assisted tools, image
analysis, and molecular techniques for accurate species identification is crucial
for effective conservation.

4. Restore and enhance natural ecological processes within aquatic ecosystems
focused on water quality, flow dynamics, and habitats.

5. Educate local communities about the importance of biodiversity to promote

sustainable practices and responsible use of natural resources.

Regularly monitor fish populations, water quality and habitat health.

Conduct scientific research to inform conservation decisions.

Integrate conservation goals into government policies and development plans.

© o N o

Commit to long-term efforts for the well-being of the Indian Sundarbans.
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