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Abstract. The ichthyodiversity of Uttar Dinajpur district of West Bengal, India was assessed in the current study. The district is
adorned by various rivers, feeder channels, dams, bills, ponds, reservoirs and thus contributes significantly to the aquatic productivity
of the state. A field survey was conducted in randomly chosen fish markets of nine community development blocks of Uttar Dinajpur.
The study found a large ichthyodiversity in the area including 76 fish species from 26 families. With 28 distinct species, the Cyprinidae
family dominated. Thirteen, globally endemic, freshwater fish species were also observed during the study. Clarias magur, one of the
endangered species, is also available in the district. The overall physicochemical parameters of the culture waters of Uttar Dinajpur
district are ideal for freshwater fish farming. Geo-Spatial analysis discloses the fragmentation of natural water bodies in the district.
The district consists of 10 registered and 7 unregistered hatcheries which are playing a vital role in the restoration of various
indigenous fishes and provide accommodation to the exotic fishes. Uttar Dinajpur has many perennial freshwater bodies. Thus, the
region holds a high potentiality in the aquaculture sector. Efficient management, proper knowledge, and scientific cultivation can
greatly influence aquatic productivity and diversity. Simultaneously, the restoration of indigenous fishes has become a surging need
of the hour. The current study pointed out the fact that the indigenous Clarias magur has often been substituted by C. gariepinus which
may cause a potential threat to biodiversity. Some traders promote this banned exotic species through illegal farming. As a result, the
native, nutrient rich C. batrachus is now becoming critically endangered. The existing endemic fishes must urgently be conserved to
uphold the diversification of the ichthyofauna in the district.

Keywords: endangered species, ichthyofaunal diversity, geospatial technology, Uttar Dinajpur, West Bengal.

Introduction

Aquaculture, as the farming of aquatic products, stands as a
sustainable approach to providing nutritional security to a
large mass of people (Raghunath & Boopendranath 2016,
Ganguly et al. 2018a). Diversifying fish fauna is crucial in
improving aquatic ecosystems (Polis & Strong 1996). Ganguly
et al. (2018b) reported that Southern Asia is a mega
biodiversity hotspot and habitat for various indigenous
freshwater fish species. Globally, India holds the ninth
position in ichthyodiversity and accounts for approximately
9.62% of the overall valid fish species (Mittermeier &
Mittermeier 1997, Kisku et al. 2017). It is a hot spot of aquatic
biodiversity, with a high degree of endemism and a large
contribution to the world's biological resources (Kottelat &
Whitten 1996, Dahanukar et al. 2004). Pinkey (2016) reported
21,723 existing fish species within 4,044 genera, 445 families,
and 50 orders. The total number of fish species has recently
increased to 33,600 (FishBase 2021).

In India, the relative importance of plant protein is
gradually decreasing, while animal protein demand is
accelerating due to increased affluence and urbanization.
Over time, there has been an increase in the demand for fish
food, prompting farmers to create more aquaculture products
to satisfy these requirements and ensure nutritional security.
Aquaculture is an essential protein source for all sections of
communities, especially those living near water bodies and in
flood-prone areas in India. In 2013, India's perceptible annual
fish intake per capita was 3.48 kg/cap-lyear! (Barik 2017).

Simultaneously, West Bengal, with its 251 freshwater fish
species, is a major contributor to aquatic products in the
country (Patra et al. 2017). A good variety (53 species) of small
indigenous fishes (SIFs) in the Bankura district was reported
by Ganguly et al. (2018c). The most comprehensive work on
the fish fauna of North Bengal was published by Shaw &
Shebbeare (1938), who reported about 131 species in their
treatise. Jayaram & Singh (1977) documented about 96 fish
species in northern Bengal. North Bengal presents a rich
biodiversity and is often considered a hotspot for fish
resources (Barman 2007). In West Bengal, the inhabitants
consume an average of 8.2 kg capita! of fish each year, and
aquaculture affords a potentiality in West Bengal to achieve
food sustainability. From 1961 to 2015, the fish intake grew
annually in developing (from 6.0 kg - 19.3 kg per capita) and
low-income food deficit (from 3.4 kg - 7.7 kg per capita)
countries (Marriott et al. 2020). Hence, the contributions of the
fisheries and aquaculture sector are enormous, enhancing the
food and nutrition security in West Bengal and India.

Northern Bengal comprises seven districts in the northern
part of the Ganges. The rich Himalayan foothills with
numerous streams and major rivers rush to the plains through
these districts (Jayaram & Singh 1977). Among them, Uttar
Dinajpur is in a strategic position, extending from the foothills
of the Himalayas to the Gangetic plains.

Native fish are presently on the verge of extinction due to
the loss of natural habitats, industrial wastes, anthropogenic
activities, cultivation of allied exotic fishes, and pathogenic
infections (Talwar & Jhingran 1991, Ganguly et al. 2018b). The
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ecological health of various waterbodies worldwide,
particularly those that serve as hotspots for biodiversity, has
been facing such human-stimulated strain (Vilizzi et al. 2021).
Fish productivity often depends on the physicochemical
parameters of the culture water (Pulatsu et al. 2004, Ganguly
etal. 2017). Thus, maintenance of water quality, including pH,
temperature, ammonia-, nitrate- and nitrite content,
Dissolved Oxygen (DO), Biological Oxygen Demand (BOD),
salinity, alkalinity, and water depth is necessary for the
cultivation of aquatic species (Shahnawaz et al. 2010).

Freshwater fishes in India were initially obtained from
rivers. Thus, procurement of fish seed was a severe problem
that often posed a barrier to fish farming. Central Inland
Fisheries Research Institute (CIFRI) first applied the
hypophysation technique against major carps in 1957-1959 at
the Cuttack substation (Jhingran & Pullin 1985). It has
resulted in a certain boom in Indian aquaculture industry.
Houssay (1930) in Argentina developed the concept of
applying pituitary extract injection for successful breeding. In
India, induced breeding was first attempted in 1938 with
mammalian pituitary hormone (Sharma 2019). The
development in fish breeding techniques has helped fish
farmers to collect the preferable fish egg at their desired time,
promoting aquaculture to a large extent. Induced breeding
technology in hatcheries thus plays a significant role in
maintaining fish diversification.

Since its inception, GIS, and Global Positioning System
(GPS) technologies made easier the access to remote natural
resource information for mapping and monitoring (Ingole et
al. 2015). Jenness et al. (2007) reported that GIS is a software-
dependent informative application utilized digitally to depict
and evaluate geographic attributes on the surface of the earth
and the incidents that occur there. The benefit of spatial,
spectral, and temporal accessibility of information covering
vast and inaccessible areas within a short period is made
achievable by remote sensing technology. The geospatial
components for evaluating and supervising water resources
for inland fisheries and aquaculture rely heavily on remote
sensing and geographic information systems (GIS). As a
result, it has become a useful method for assessing, tracking,
and managing water bodies. Shankhwar et al. (2015) reported
that human intrusion, lack of freshwater availability, and
incompetent governance are the main factors contributing to
an increase in pollutant load in an aquatic environment. As a
result, the water quality deteriorates. Consequently, remote
sensing and GIS are decision-supporting tools that include
temporal and further spatial variations in the number of
waterbodies and water-distributed zones (Chowdhury et al.
2009). the beginning of the Landsat system,
photographs through Earth-Observation satellites have been
used to evaluate surface water resources. Several researchers,
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including Best & Moore (1979), demonstrated that accurate
regional statistical techniques could be constructed to predict
minor water body masses from images of Landsat MSS.
Eckhaedr & Lirke (1988) utilized Landsat MSS along with
Satellite Pour 1'Observation de la Terre (SPOT) High-
Resolution Visible (HRV) imageries to explore water bodies
in Colorado to identify ponds as minute as 0.5 ha and 0.1 ha,
correspondingly. In addition, some scientists favored remote
sensing and GIS software to monitor water resources and
fisheries. De Silva et al. (2001) utilized GIS to incorporate
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fishery-yielding data, fishing intensity, and landing size with
limnological Sri Lanka.
Consequently, from a fisheries perspective of Uttar Dinajpur
district, the current study was attempted using remote
sensing and GIS techniques.

selective information  in

Sufficient data on the biodiversity of fishes in Uttar
Dinajpur district is not yet available. The present study aimed
to explore the fish biodiversity of Uttar Dinajpur district in
North Bengal, along with their IUCN (International Union for
Nature) addition, the
physicochemical properties of the waterbodies located at
different community development blocks of Uttar Dinajpur
were also analyzed.

Conservation of status. In

Materials and Methods

Study area
Uttar Dinajpur district is bound by 25°11' N to 26°49' N latitude and

87°49' E to 90°00' E longitude, occupying an area of 3142 km?. It is
enclosed to Darjeeling and Jalpaiguri districts on the North, Malda
and Dakshin Dinajpur districts on the South, Kishanganj, a part of
Bihar, on the West. It shares an international border of 206 Km with
Bangladesh on the Eastern side. The district is elongated in a North-
South direction. It comprises two sub-divisions: Raiganj and
Islampur, and nine community development blocks, namely Chopra,
Islampur, Goalpokhar I, Goalpokhar II, Karandighi, Raiganj,
Hemtabad, Kaliaganj, and Itahar (Figure 1).

Collection and identification of samples
The field survey was conducted during 2019-2020 in randomly chosen

waterbodies and local fish markets of all blocks of Uttar Dinajpur
district. Primary data was collected from the field survey, whereas
secondary data were obtained from government agencies and
research publications regularly. An average of 30 regional pond
owners and fishermen from each block were interviewed through a
standard questionnaire on the availability of various fish species. The
questionnaire includes seasonal availability, quantity, quality, source,
and price of the available fish species. The specific regions of sampling
of the species were ascertained, and fishing was done in ten targeted
water bodies of each block with the assistance of local fishermen
equipped with gill nets, cast nets, ghun net, cap nets, drag nets, and
scoop nets, hooks, lines and polui (Bose et al. 2013, Ganguly et al.
2018c). On average, fifty fish were collected from each block's
waterbodies and local markets. Five specimens of every species were
collected for identification purposes based on their morphometric
traits and meristic counts (Acharjee & Barat 2013).

Fish specimens were thoroughly identified using standard
international protocols (Kisku et al. 2017), photographed, and
preserved in 10% formaldehyde solution with proper labeling for
further study. Fish species were then categorized as per their
taxonomic and conservation status through IUCN information
databases (IUCN 2021). In addition, field studies were conducted in
the locality to enlist the registered and non-registered hatcheries of the
West Bengal government.

Assessment of physicochemical parameters
Water samples were collected from randomly selected waterbodies of

each block of Uttar Dinajpur District. At each sampling location,
sterilized bottles were dipped into 50+10 cm (Mean * SD) depth from
the water surface. Test samples were separately collected from four
different regions of each targeted waterbody in ten diverse locations
of each block and subsequently filtered with a 0.45 pm syringe filter
before putting it in 30 ml Nalgene bottles. The samples were
maintained at 4°C and relocated to the lab (Marriott et al. 2020). The
assessment of dissolved oxygen was done by the Winkler method
(Montgomery et al. 1964) after collecting the samples in standard BOD
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bottles (Ganguly et al. 2017). pH was measured by HM Digital pH
Meter (Model no. BO096NSOWI/ LA-3THK-J5L5). Ammonia was
analyzed using colorimetric methods following the protocol of Boo &
Ma (1976). Nitrite and nitrate contents were analyzed by UV-VIS
Spectrophotometry (Lasany Li 2700). Total hardness was determined
by titrimetric methods using standard ethylene diamine tetra acetic
acid (EDTA) (Jhingran & Natarajan 1969, APHA 2005). The
physicochemical parameters were assessed in triplicates following
standard protocol in the Department of Microbiology, Raiganj
University. Digital Cartographic techniques and choropleth mapping
have been used to portray the block-wise water quality parameters,
considering the statistical mean values. Statistical analysis of data was
executed by Microsoft Excel software.

87°0'0"E

153

Geo-Spatial techniques

Spatio-temporal changes in the water bodies and associated features
have been analyzed by extracting and classifying satellite imageries of
2003 and 2021 in the ArcGIS environment accompanied by a primary
survey for ground truthing. LANDSAT 7 with Enhanced Thematic
Mapper Plus (ETM+) sensor and 7 band data for 2003 and LANDSAT
8 OLI (Operational Land Imager) with 1-7 band data for 2021 are taken
for feature extraction and digital mapping.

Some band alterations are made in LANDSAT 8 data for exclusive
interpretation purposes. ERDAS (Earth Resource Data Analysis
System) has been used for image mosaicking. Cloud cover corrections
and supervised and unsupervised classifications have also been
made.
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Figure 1. The geographical location of the study area: (A) Map of India; (B) Map of Uttar Dinajpur district.

Results

In rural water bodies, the distribution pattern revealed the
presence of many threatened, vulnerable, and endangered
species. About 76 indigenous and exotic fish species (Table 1)
were recorded from the local markets of Uttar Dinajpur
district near the river basins belonging to 26 families.

The Cyprinidae family dominated (28 species) the
population, followed by the Bagridae (5 species). Each of the
Mastacembelidae and Channidae families contributed with
four species, and Ambassidae, Siluridae, Ailiidae, and
Osphronemidae with three species. Two species exist in each
of the families of Botiidae, Notopteridae, Clariidae,
Anabantidae, and Cichlidae. The other families (Belonidae,
Nandidae, Cobitidae, Gobiidae, Anguillidae, Serrasalmidae,
Tetraodontidae, Loricariidae, Pangasiidae, Heteropneustidae,
Clupeidae, Engraulidae, and Sisoridae) have contributed with
only one species each.

The order-wise diversity of fish has
preponderance of Cypriniformes (40%), Siluriformes (22%),
and Perciformes (20%) in the entire district (Figure 2).
Beloniformes, Anguilliformes, Gobiiformes, Tetraodonti-
formes, and Characiformes were represented by a single
species each. The study also revealed that 54 species belonged

shown a

to the Least Concern category, six species were yet to be
evaluated (NE), three were in the Data Deficient category,
eight were Near Threatened, four in the Vulnerable category,
and one species was in Endangered category.

We registered a high diversity of economically important
fishes:  Cirrhinus reba, Clarias magur, Ompok pabda,
Heteropneustes fossilis, Chitala chitala, Wallago attu, Mystus
tengra, Anabas testudineus (Table 2). The district also provided
space to many near-threatened and vulnerable fishes. Catla
catla, Macrognathus pancalus, Ctenopharyngodon idella,
Hypostomus plecostomus, Oreochromis niloticus, and Colossoma
macropomum status was Not evaluated, whereas Chitala
chitala, Ompok pabda, Ompok bimaculatus, Bagarius bagarius,
Ailia  coila, Anguilla  bengalensis, Chanda
Hypophthalmichthys molitrix were Near threatened category.
Botia rostrata, Wallago attu, Cyprinus carpio, and Oreochromis
mossambicus were the Vulnerable fish in the district.

Fifty-one small indigenous fishes were procured and
identified in the present study (Figure 3). Cirrhinus reba,
Esomus  danricus,  Puntius  sophore, — Puntius  sarana,
Amblypharyngodon mola, Parluciosoma daniconius, Clupisoma
atherinoides, Anguilla bengalensis, Glossogobius giuris, Leiodon
cutcutia, Mystus tengra, Heteropneustes fossilis are the species

lala  and

consumed at an elevated rate.
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Table 1. Fish diversity of Uttar Dinajpur district. (NE= Not Evaluated; DD= Data Deficient; LC= Least Concern; NT= Near
Threatened; VU= Vulnerable; EN=Endangered)

Type SL.No  Order Family Scientific name Local name IUCN Status
1 Cyprinidae Labeo rohita Rui LC
2 Labeo bata Bata LC
3 Labeo calbasu Kalabos LC
4 Labeo gonius Khursa LC
5 Catla catla Katla NE
6 Cirrhinus mrigala Mrjgela LC
7 Cirrhinus reba Reba LC
8 Esomus danricus Darkina LC
9 Danio rerio Techokha LC
10 Puntius sophore Pumti LC
11 Puntius sarana Sarapumti LC
12 Cypriniformes Puntius conchonius Pumti LC
13 Puntius chola Pumti LC
14 Puntius ticto Titpumti LC
15 Amblypharyngodon mola Maurala LC
16 Parluciosoma daniconius Darke LC
17 Aplocheilus panchax Tecokha LC
18 Salmostoma bacaila Chela LC
19 Salmostoma phulo Chela LC
20 Osteobrama cotio cotio Dela/ kati LC
21 Aspidoparia morar Piali LC
22 Cobitidae Lepidocephalichthys guntea Long fin loach LC
o 23 Botiidae Botia dario Bengal Loach LC
=) 24 Botia rostrata Gangetic loach vu
% 25 Beloniformes Belonidae Xenentodon Cancila Indian needdle fish LC
z 26 Osteoglossiformes ~ Notopteridae Notopterus notopterus Pholoi LC
A 27 Chitala chitala Chitala NT
& 28 Heteropneustidae ~ Heteropneustes fossilis Singi LC
ﬁ 29 Siluridae Wallago attu Boyal vuU
S 30 Ompok pabda Pabda NT
3 31 Ompok bimaculatus NT
8 32 Sisoridae Bagarius bagarius Bagair NT
E‘ 33 Clariidae Clarias magur Desi Magur EN
5 34 Siluriformes Bagridae Mystus vittatus Tangra LC
: 35 Mystus cavasius Gulsha tangra LC
2 36 Mystus bleekeri Tengra LC
S 37 Rita rita Rita LC
8 38 Sperata aor Aor LC
= 39 Ailiidae Clupisoma garua Bacha LC
74 40 Clupisoma atherinoides Tinkata LC
- 41 Ailia coila Kajoli NT
42 Anguilliformes Anguillidae Anguilla bengalensis Maula NT
43 Gobiiformes Gobiidae Glossogobius giuris Bele LC
44 Anabantidae Anabas testudineus Desi koi LC
45 Anabas cobojius Gangetic koi DD
46 Channidae Channa punctatus Spotted snakehead LC
47 Channa striata Shol LC
48 Channa gachua Dwarf snakehead LC
49 Perciformes Channa marulius Sal LC
50 Osphronemidae Trichogaster fasciatus Banded gourami LC
51 Trichogaster chuna Dwarf gourami LC
52 Trichogaster lalius Dwarf gourami LC
53 Nandidae Nandus nandus Bheda LC
54 Ambassidae Parambassis baculis Glassfish LC
55 Chanda lala Chanda NT
56 Chanda nama Chanda LC
57 Synbranchiformes Mastacembelidae Macrognathus aculeatus Lesser spiny eel / Baim LC
58 Macrognathus pancalus Pamkal NE
59 Mastacembelus armatus Zig-zag eel LC
60 Macrognathus aral Peacock striped eel LC
61 Clupeiformes Clupeidae Gudusia chapra Chapila LC
62 Engraulidae Setipinna phasa Phasa LC
63 Tetraodontiformes  Tetraodontidae Leiodon cutcutia Tepa mach/ Pufferfish LC
1 Cyprinidae Barbonymus gonionotus Jabha pumti LC
Eé 2 Ctenophuryngodon idellu' ) Grass carp NE
= 3 Cypriniformes Hypophthalmichthys molitrix  Silver Carp NT
S 4 P Aristichthys nobilis Bighead carp DD
] 5 Cyprinus carpio Common carp VU
8 E 6 Cyprinus rubrofuscus Amur carp LC
E‘ < 7 Mylopharyngodon piceus Black carp DD
) Z 8 Siluriformes Clariidae Clarias gariepinus African Magur LC
a A 9 Loricariidae Hypostomus plecostonus Suckermouth catfish NE
= 10 Pangasiidae Pangasius pangasius Pangas LC
g 11 Perciformes Cichlidae Oreochromis mossambicus Telapia vuU
2 12 Oreochromis niloticus Nilantika NE
13 Characiformes Serrasalmidae Colossoma macropomum Rupchada NE
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Figure 2. Order-wise fish distribution of Uttar Dinajpur, West Bengal.

Table 2. Small indigenous fishes of Uttar Dinajpur District.
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SI.No  Scientific name Local name SI.No  Scientific name Local name
1 Labeo gonius Khursa 27 Clupisoma atherinoides ~ Tinkata
2 Cirrhinus reba Reba 28 Ailia coila Kajoli
3 Esomus danricus Darkina 29 Anguilla bengalensis Maula
4 Danio rerio Techokha 30 Glossogobius giuris Bele
5 Puntius sophore Pumti 31 Anabas testudineus Desi koi
6 Puntius sarana Sarapumti 32 Anabas cobojius Gangetic koi
7 Puntius conchonius Pumti 33 Channa punctatus Spotted snakehead
8 Puntius chola Pumti 34 Channa gachua Dwarf snakehead
9 Puntius ticto Titpumti 35 Trichogaster fasciatus Banded gourami
10 Amblypharyngodon mola Maurala 36 Trichogaster chuna Dwarf gourami
11 Parluciosoma daniconius Darke 37 Trichogaster lalius Dwarf gourami
12 Aplocheilus panchax Tecokha 38 Nandus nandus Bheda
13 Salmostoma bacaila Chela 39 Parambassis baculis Glassfish
14 Salmostoma phulo Chela 40 Chanda lala Chanda
15 Xenentodon Cancila Indian needdle fish 41 Chanda lala Chanda
16 Lepidocephalichthys guntea  Gute 42 Macrognathus aculeatus ~ Lesser spiny eel / Baim
17 Botia dario Bengal Loach 43 Macrognathus pancalus ~ Pamkal
18 Botia rostrata Gangetic loach 44 Mastacembelus armatus ~ Zig-zag eel
19 Heteropneustes fossilis Singi 45 Macrognathus aral Peacock striped eel
20 Ompok pabda Pabda 46 Gudusia chapra Chapila
21 Clarias magur Desi Magur 47 Leiodon cutcutia Tepa mach/ Pufferfish
22 Mystus vittatus Tangra 48 Xenentodon Cancila Indian needdle fish
23 Mystus cavasius Gulsha tangra 49 Osteobrama cotio cotio Deéla/ kati
24 Muystus bleekeri Tengra 50 Aspidoparia morar Piali
25 Ompok bimaculatus Pabda 51 Setipinna phasa Phasa
26 Clupisoma garua Bacha
The Satellite imageries of 2003 and 2021 have been classified noteworthy.

based on the principal available features in the GIS
environment to depict the Spatio-temporal changes (Figure
4). The overall view of the satellite imageries portrayed that
the Southern portion of the district had more waterbodies
compared to the Northern part. The extensive para-deltaic to
deltaic environment in the Southern portion has given rise to
braided streams. The principal rivers of the district were
Mahananda, Kulik, Nagar, and Chiramati (Shrimati). Other
rivers include Tangan, Sudani, Dauk, Barong, Dolancha,
Gamari, Sui, Pitano, etc. The direction of the rivers was from
North to South, implying that the land’s slope was
southwards. The rivers were moderate to highly sinuous,
giving rise to several cut-off meanders and oxbow lakes. The
abandoned flow path has sometimes given rise to wetlands
and marshes; among them, the Nehali bil of Raiganj, Nawda
bil of Hemtabad, and Radhanipara bil of Kaliaganj are

Both Government-registered and unregistered hatcheries
(Table 3) were identified as potential breeding centers for
indigenous and exotic fishes. They played a significant role in
maintaining the diversity of the fish in the district. There were
three Government-registered hatcheries in each of the Raiganj
and Karandighi blocks and two in the Itahar block. There was
only one Government registered hatchery in each of the
blocks of Hemtabad and Kaliaganj.

The region has a wide diversity of water quality
parameters. Block-wise assessment of DO, pH, hardness,
ammonia, nitrite, and nitrate is documented in Table 4.
Dissolve oxygen level of water in different blocks of Uttar
Dinajpur district was recorded between 4.83+0.38 to
5.83+0.38, which favored the growth of aquatic organisms.
The pH of the water was found to be slightly acidic (6.42+0.14
to 7.2540.25) in nature. Some blocks, such as Chopra and
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Karandighi, had greater hardness of water than the rest of the
blocks, which had mild water. The concentration of ammonia
in water was lower (0.06£0.5 to 0.28), which is favorable for
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fish. Nitrite in water was mostly found to be either absent or
ignorable. The Digital Cartography based Choropleth maps
are represented in Figure 5.

Clarias magur

Ompok pabda

Clupisoma atherinoides

Figure 3. Some freshwater small indigenous fishes of Uttar Dinajpur district.

Discussion

A total of 13 endemic freshwater fish species were obtained in
the study area (Near Threatened= 8; Vulnerable= 4 and
Endangered=1). Ganguly et al. (2018c) reported the existence
of 12 global endemic freshwater fish species in the Bankura
district. About a decade or two earlier, some of the species like
Labeo gonius, Esomus danricus, Danio rerio, Parluciosoma

daniconius, Aplocheilus panchax, Salmostoma bacaila, Xenentodon
cancila, Botia dario, Rita rita, Clupisoma garua, Clupisoma
atherinoides, Ailia coila, Anguilla bengalensis Glossogobius giuris,
Channa punctatus, Channa orientalis, Channa gachua, Channa
marulius, Trichogaster fasciatus, Trichogaster chuna, Trichogaster
lalius, Nandus nandus, Macrognathus aculeatus, Macrognathus
pancalus, Mastacembelus armatus, Macrognathus aral, Gudusia
chapra, and Leiodon cutcutia were available in high number.
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terrestrial features, Map I: 2003 and Map II: 2021.

Table 3. Fish hatcheries of Uttar Dinajpur district, West Bengal. (Other community development blocks
don’t have any registered / unregistered hatcheries.

Number of Name of the Number of
Block . . . .
registered  registered Location unregistered
name
hatchery hatchery hatchery
Hemtabad 1 M/s Sarkar Matsya Prakalpa  Samaspur 4
Kaliaganj 1 M/s Ghosh Hatchery - 2
M/s Shubha Hatchery Debinagar
Raiganj 3 M/s Ganga Hatchery College Para 0
M/s Rihit Matsya Hatchery Karnajora
M/s Dilip Hatchery -
Karandighi 3 M/s Pipla Ghosh Hatchery Dalkhola 1
M/s Dutta Hatchery Tungidighi
ltahar 5 M/s Mitra Hatchery - 0
M/s Annapurna Hatchery Kadamtola, Kukrakuda

Table 4. Water quality parameters of Uttar Dinajpur district, West Bengal (expressed as Mean # SD)

Sl. Water Quality Parameters

Block Name - - -
No. DO pH Hardness ~ Ammonia Nitrite Nitrate
1 Raiganj 55+£0.5 6.83+0.14 66.66% 9.6 0.11+£0.12 0 0.11+£0.12
2 Kaliaganj 525+0.43 6.83+0.38  91+18.08 0.1+0.1 0.05+0.05  0.03+0.05
3 Hemtabad 5.83+0.38 7.25%0.25  98.67+19.01 0.03+0.05 0 0.03+0.05
4 Itahar 5.33+0.87 705 205.3+46.9  0.06+0.05  0.1£0.13  0.16+0.28
5 Karandighi 525+0.25 6.92+0.28  376.3%59.65 0.06x0.11  0.05%0.05 0.08+0.14
6 Islampur 5£0.25 6424014  161.6£22.12  0.2+0.26 0.01+0.02  0.2+0.26
7 Chopra 533+0.38 6424052  387.3+24.54 0.07+£0.05  0.03%0.05 0.03+0.05
8 Goalpokhar-1 ~ 4.83+0.38 6.92+0.28  143.6+11.71 0.28+0.2 0 0.25+0.25
9 Goalpokhar -II 5424052  6.92+0.28  222+15.1 0.07+0.11  0.01%0.02 0

Recently, there has been a drastic fall in the number of these
fish. Acharjee & Barat (2013) reported a similar deterioration
in the quantity of various fish species in the Teesta River of
Darjeeling, West Bengal, owing to different anthropogenic
aspects. Small fishes were once plentiful, but they were
labeled as weed fish due to their low market value. Fishermen
eventually used Mahua oil cakes as poison to limit the
number of small indigenous fishes and promote the growth

of major carps. Local people and some fishermen asserted the
loss of natural habitat for the cultivation of Desi koi. They
claimed that Desi koi had been replaced by Vietnamese koi at
the same price, even though their scientific names are the
same. Field surveys and interactions with villagers pointed
out the extinction of the indigenous species Eutropiichthys
vacha from the district. Several fish species (e.g., Puntius
sarana, Heteropneustes fossilis, Anabas testudineus, Mystus
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vittatus, Mystus cavasius) have progressed from vulnerable to
least concern category, suggesting large-scale cultivation of
those species. Ganguly et al. (2018c) reported a similar
improvement in the population of various fish species like P.
sarana, H. fossilis, A. testudeneus, etc., in the Bankura district of
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West Bengal. The study warns about introducing several
exotic species like Pangasius pangasius, Colossoma macropomum,
etc., in the community, which now are available in high
numbers. Colossoma macropomum is a species of the Amazon
River and was previously cultured as ornamental fish.
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Figure 5. Choropleth mapping for the block-wise water quality parameters in Uttar Dinajpur district: (i) hardness & ammonia (ii) nitrate

and nitrite (iii) pH and dissolved oxygen

The small waterbodies of the district are biodiversity hotspots
and accommodate several varieties of aquatic and semi-
aquatic resources. These water bodies act as potential points
for water resource-based economy generation in the nearby
regions. Marriott et al. (2020) documented the enrichment of
the rural economy through aqua farming.

The recent LANDSAT 8 data of 2021 reveals the
deterioration of natural water bodies, the leaning of river
channels, and dried-up channels (Fig. 4). The braiding of
streams has led to fragmented channels and stand-alone
water bodies in some places. Bera et al. (2020) studied the
fragmentation of forests using the data (1998, 2009, and 2019)
of the Landsat Satellite of the Silabati River Basin in West
Bengal, India. Enaruvbe & Atafo (2019) reported on the
fragmentation of the River Ogba catchment in the Benin City
of Nigeria using Landsat images from 1988, 2002, and 2016.
These fragmentations often interrupt the free flow of aquatic
species and can give rise to region-specific diversification of
fishes. The fragmentations in the river channels also affect the
quantity of the natural production of fish. Van Puijenbroek et
al. (2019) highlighted the negative consequences of river
fragmentation, especially on the population of migratory and
anadromous fish species in European rivers. An influx of
nearly 51% has been noticed in the built-up area. The
encroachment of settlements has taken place in the whole
district in the last 18 years. Riverine settlements have
engulfed the rich floodplain zones, and river health
deteriorated (Fig. 4). This is a possible explanation for the
deterioration of riverine fisheries in the district. The spatial
extent of natural vegetation cover and agricultural land has

also been reduced to a notable amount. Omuta (1985) and
Enaruvbe & Atafo (2019) showed that the enhancement in
settlements or urban sprawl often led to an increase in
deforestation, pollution, and other adverse impacts that
might pose socio-economic intimidations. However, the
geometrically shaped water bodies, as identified in
LANDSAT satellite data, may depict that there has been an
increase in the number of artificial aquatic environments.
Some fishermen, hatchery owners, and local people of
Uttar Dinajpur claimed the existence or availability of
Tenualosa ilisha and Barilius barila in the late monsoons.
Ganguly et al. (2018c) reported on the presence of T. ilisha in
Bankura district. Tenualosa ilisha and Barilius barila were
believed to be present in the Uttar Dinajpur district due to
excessive flooding in the Mahananda and Teesta rivers.
Small indigenous fishes (SIFs) often contribute to the rural
economy and livelihood. They provide enriched nutritional
resources to needy people. Women were found mainly to
catch and sell those fish. Sarkar & Lakra (2010) reported that
the maintenance of SIFs is crucial in sustaining ecological,
dietary, and socio-financial stability. Patra & Tanmay (2010)
and Acharjee & Barat (2013) reported the deterioration of
several SIFs in the Karala River of the Jalpaiguri district and
the Teesta River of the Darjeeling district of West Bengal. Dey
(2017) pointed out that the existence of SIFs like Channa
gachua, Labeo bata, Ompok pabda, etc., in the Murshidabad
district of West Bengal is reduced to a great extent. Again,
Uttar Dinajpur is close to Murshidabad and Jalpaiguri
districts, hence it has become essential to conserve the SIFs in
Uttar Dinajpur. Semi-intensive farming should be
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implemented by applying fertilizers and supplementary food
(Edwards et al. 2000) and by optimizing the stock densities in
the cultivation of Chitala chitala, Cirrhinus reba, Wallago attu,
Ompok pabda, Ompok bimaculatus, Clarias magur, Oreochromis
mossambicus, Hypophthalmichthys molitrix, etc. Moreover,
social consciousness must be raised in Uttar Dinajpur to
increase the sustainability of the endemic fish species.

Throughout the district, C. reba, C. batrachus, Mystus
vittatus, Chitala chitala, and Ompok pabda were high-value
products. The demand for these fish is usually so huge that
the entire stock gets cleared within a short patch of time. In
comparison to the demand, the supply is extremely limited.
During the monsoon season, the availability of fish has
slightly increased, and prices are reduced to some extent. The
traders also encourage the cultivation of the prohibited C.
gariepinus, which is further common in all the blocks of Uttar
Dinajpur. This kind of illicit substitution is a common incident
in local fish markets of West Bengal and some other parts of
the country (Khedkar et al. 2016). The ecological intrusion of
African variants in the aquatic ecosystems of Uttar Dinajpur
is alarming because it may pose a potential threat to fish
biodiversity. Applying species-specific probiotics can be a
good alternative to restoring SIFs from further deterioration.
Ganguly et al. (2019) tried isolating autochthonous probiotic
bacteria Lysinibacillus sphaericus PKA17 from the indigenous
C. batrachus to confer growth and disease-resistance property
of the fish. Bandyopadhyay & Mohapatra (2009) showed that
including the species-specific probiotic strain, Bacillus
circulans, in the diet could enhance the growth and nutritional
status of Catla catla. Rahman et al. (2018) and Gourab et al.
(2020) showed that dietary probiotics could stimulate the
reproductive mechanism and the health status of the SIF-
Ompok pabda. Hence, the probiotic strains of Bacillus sp.,
Lactobacillus sp., etc., can be applied in the cultivation of
various SIFs to protect them from further deterioration.

Fish are widely affected by pH. For most freshwater
species, a pH range of 6.5 - 9.0 is generally suitable. However,
a pH of 7.5 to 8.5 is recommended for optimum production
(Boyd & Gross 1998). Acidic pH (<4) or alkaline pH (>11) of
water may hinder the growth of aquatic species (Lloyd 1992).
Moreover, intermittent rainwater and industrial effluents
often lower the pH of the waterbodies in the district. Thus, the
addition of lime is recommended to increase fish
productivity.

Dissolved oxygen (DO) is one of the most important
factors in aquaculture. Depletion of oxygen in culture water
often leads to poor feeding of fish, starvation, and subsequent
mortality (Bhatnagar & Garg 2000). To obtain optimum
growth, fish must be cultured at an optimum dissolved
oxygen level. A concentration of 3-4 mg/1is tolerable for fish.
However, a Dissolved Oxygen of more than 5 mg/1 is
preferable for fish (Lloyd 1992). Fish excrete ammonia and a
small amount of urea into the water as wastes. Ammonia
occurs in two forms in the aquaculture systems, i.e., ionized
and unionized. The unionized form of ammonia (NHa) is
highly toxic to fish. Both forms are grouped as "total
ammonia”. Less than 1 mg/l is the permissible level of
ammonia (Meade 1985). The ammonia is then converted to
nitrate and nitrite in water. Among them, nitrite is very toxic
for fish. Max of 0.1 mg/l1 nitrite is the tolerable range for
freshwater fishes (Meade 1985). The optimal nitrate level for
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freshwater fishes is less than 3 mg/1 (Pillay 1992). It can be
stated that the overall water condition of Uttar Dinajpur
district is suitable for freshwater fish production.

The study explores the ichthyofaunal diversity of Uttar
Dinajpur district in West Bengal, India. A diverse range of
species that comprise a large part of the state's indigenous and
exotic freshwater fish was identified. The fish diversity of the
district has been enhanced by the riverine network, favorable
climate, diverse soil profile, and edge impacts. The inland
fisheries contribute significantly to the rural economy and
female empowerment. It provides nutritional and financial
stability to a large majority of rural residents. The
rehabilitation of indigenous fish, on the other hand, has
frequently been underrated severely. Geo-Spatial analysis of
the district revealed a drastic deterioration of natural water
bodies and vegetation in the last eighteen years. The intrusion
of settlement is also alarming to the natural production of fish.
Despite these problems, Uttar Dinajpur still harbors a variety
of globally threatened fishes that need urgent attention.
Current data from the survey aims to contribute to a better
understanding of ichthyodiversity. It can be useful for
elaborating the conservation strategies required to maintain
aquatic habitats in this district. Threatened, vulnerable, and
endangered fishes must be cultured exclusively in their
natural habitats, free from industrial and agricultural
contaminants. Additionally, probiotics can be applied to
cultivate endemic fishes to shield them from further
deterioration. It is desirable to enhance social awareness
among local people and fish farmers. The government and
other investors must take action to restore fish diversity and
revitalize the deteriorating waterways. To establish an
enriched fish profile for the entire district, serious
participation from all relevant authorities is essential.
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