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Abstract

Aim: Asurvey was conducted at four sampling sites of the River Changa to study the fish diversity in relation to river substratum. The aim of the study was
to prepare a check list ofichthyofaunal diversity and their habitat preference guild in relation to sediment type.

Methodology: Ichthyofauna was collected from four selected stations
atmonthly interval with the help of fishermen using gill net and cast net.
For the analysis of the riverine substratum, sediment samples were
collected from six square inches area at the sampling sites of the river by

grab sampling method. The composition of stones, pebbles, sand and s Analysis of Analysis
mud were evaluated from the sample. icthyofaunal diversity of river

and their habitat and substratum
Results: Atotal of 64 fish species belonging to 6 families and 18 orders ecological guild
were recorded. Among which 33 were cold water fishes, 31 were warm
water fishes, 28 were rheophilic and 24 were eurytopic fishes. Site 1 and Sites 1, 2 and 3 are
2 were dominated by rheophilic and cold water fishes and Site 4 was rich Total 64 fish species dominated by stones,
in eurytopic and warm water fishes. Cypriniformes was the most recorded with 33 coldwater pebbles and sand.
dominantorder with 42 fish species. River sediment of Site 1, 2and 3 were fish and 28 rheophilic Site 4 is dominated
dominated by stones, pebbles and sand, while sediments collected from fish species by sand and mud

Site 4 was dominated by sand and mud. Cold water and rheophilic
fishes were positively influenced by stones and pebbles. Eurytopic and
warm water fishes were positively influenced by sand and mud. Fish diversity indices
dominated in the
rainy season

Coldwater and rheophilic fish are
Interpretation: Cold water and rheophilic fishes were abundant at positively influenced by stones
upstream of the river and eurytopic and warm water fishes were and pebbles. Eurytopic and warm
abundant at downstream of the river. Abundance and distribution of fish water fishes are positively
species depends on the river substratum. influenced by sand and mud
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Introduction

The Terairegion of West Bengal is adjacent to the Eastern
Himalayan biodiversity hotspot and is rich in biodiversity,
particularly fish diversity. River Mahananda and its tributaries are
home to many indigenous and cold water fishes. Barman (2007)
described North Bengal as a ‘Hot spot' for freshwater fish species
because of its rich endemic fish species. Freshwater fish are the
most threatened group of vertebrates on the earth after
amphibians (Bruton, 1995). India contributed about 11% of total
world fish germplasm (Sinha, 1998). The fish diversity in the Terai
region is highly distinctive because this region is crisscrossed by
many small torrential streams and rivers that originate from the
Himalayas. Fish are important sources of food and serve as
indicators of the ecological health of river water. River Changais a
charming river in the Terai region and originates from the
Himalayas. It is a tributary of the River Mahananda, and all the
rivers in the Terai region are part of the Ganga drainage system. It
has a continuous flow of water throughout the year. The riparian
vegetation of this river includes forest, tea garden, agricultural field,
and human settlement. Study of the ecological guilds of fish species
is an important method to assess the functioning of river systems
(Aartsand Nienhuis, 2003).

The rate of biodiversity loss is gradually increasing day by
day, and demands biodiversity survey at a grass-root level (Smith
et al., 2003). Small rivers and hill streams of this area harbour
great fish diversity with meagre documentation. Freshwater fish
diversity all over the world is decreasing at a greater pace
because fish are highly sensitive to change in the aquatic habitats
(Laffaille et al., 2005). Many ichthyologists have worked on fish
diversity of the Terai region such as Shaw and Shebbeare (1937),
Hora and Gupta (1941), Paul (2009), Acherjee and Barat (2013),
and Sarkar and Pal (2008).Acherjee and Barat (2011) recorded
25 rheophilic cold water fish species from the hill stream Relli,
Darjeeling district. Patra et al. (2011) recorded a total of fifty five
fish species from the River Karala, a tributary of the River Teesta.
Seven species of cat fish belonging to six genera and six families
were reported from the River Karala (Patra et al., 2011).

Bandyopadhya and Mondal (2014) found a total of 78 fish
species that belonged to 21 families in the River Teesta, Torsa,
Kaljani, Radak-I, Raidak-I, Sankosh in the Dooars region. Das
(2015) recorded 105 fish species belonged to nine orders and 29
families in the River Torsa and its tributaries. Dey et al. (2015)
observed a total of 113, however, fish species belonged to 28
families in the River Jaldhaka, no such study on fish diversity and
it's relation with river substratum were done in this river. In light of
the above, this study was conducted to prepare a check list of
ichthyofanal diversity and their seasonal variation. Further, the
sediment composition and their percentage and relationship to
fish diversity was also determined.

Materials and Methods

Sampling sites: An icthyofaunal survey was conducted from

March 2017 to February 2019 in the River Changa. Four sampling
sites: Belgachhi (site 1), Atal (site 2), Ghoshpukur (site 3) and
Thakurganj (site 4) were selected for the study and sampling was
done at monthly interval with the help of fishermen. Gill net and
cast netwere used during survey. The gill netwas 10 ft. longand 3
ft. high with a mesh size of 2 cm. The area covered by caste 78 sq.
ft. with a mesh size of 1cm. Ten hauls were taken from each
sampling site during each sampling time with a cast net. The
collected fishes were photographed by a digital camera (Canon
SX160) and then preserved in 8% formalin.

Fish species were identified up to the species level
following the keys of Shaw and Shebbeare (1937), Day (1873), Sen
(1992), Jayaram (2010). Water temperature was measured with a
mercury thermometer. Sediment samples were analysed by the
method proposed by Burton and Landrum (1993), using a Eckman
grab sampler. Asix square inche area of river bottom was selected
for collecting sediments from the sampling sites with a sediment
grab sampler. From each site, three samples were collected at a
time, packed in a plastic bags and brought to the laboratory. The
collected sediment samples were then air dried, stones were
separated by hand and pebbles, mud and sand were separated
through sieving. Later, the percentage of different components of
the substratum were estimated by weighing pebbles, mud and
sand. For seasonal analysis, March to June is considered as
summer, July to October as rainy season and November to
February as winter. ANOVA, Shanon diversity index, evenness
index, Margalef’s richness index, Dominance index and Principal
component analysis (PCA) were carried out with the PAST 3.0
software (Hammer et al., 2001).

Results and Discussion

In total 64 fish species under 6 families and 18 orders
were reported during the study period. 50, 51, 47 and 35 fish
species were found from sites 1, 2, 3 and 4 respectively during
the study period. The most dominant order was Cypriniformes
with 42 species, followed by Siluriformes with 10 species,
Perciformes with 8 species, Synbranchiformes with 2 species and
Cyprinidontiformes and Beloniformes with one specie each (Fig.
1). The most dominant family was Cyprinidae with 32 species,
followed by Balitoridae, Cobitidae and Sisoridae with 4 species,
Channidae with 3 species, Mastacembelidae, Psilorhynchidae,
Nandidae and Olyridae with 2 species, Belonidae, Aplocheilidae,
Gobiidae, Chacidae, Anabantidae, Heteropneustidae, Clariidae,
Bagridae and Amblycipitidae 1 specie each (Table 1).

The most dominant fish species were Barilus spp.,
Psilorhynchus balitora, Schistura spp. Garra spp., etc., at Sites 1
and 2, however, at Sites 3 and 4 the most dominant fish species
were Channa spp., Esomus danricus, Danio rerio and Danio
dangila. Two exotic fish species, Puntius javanicus and Cyprinus
carpio were encountered at Site 4 during the rainy season and
have become a great warning of fish diversity for the future. These
exotic fish species compete with the indigenous fish species for
their food and habitat (Barman, 2007). Exotic fish runoff from the
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Fig. 1: Percent coposition of fish order reported in River Changa.
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Fig. 2: CCA of different components of sediment, fish diversity indices, flow preference guild and water temperature preference. Axis 1 and 2 explained

0.0022546 (95.18 %) and 0.00011417 (4.82 %) of Eigen value.

neighbouring ponds during rainy season are not permanent
residents of this river. Previous studies conducted in River Teesta,
West Bengal recorded comparatively more diversity in fish
species than those reported in the present study. Chakraorty and
Homechadhury (2013) recorded 92 species that belong to 50
genera and 19 families from the River Teesta, West Bengal.
Recently, Sarkar and Paul (2021) reported a total of 140 fish

species that belonged to 11 orders, and 31 families from the river
Teesta. Patra et al. (2011) reported a total of 65 fishes from the
river Karola. Lalramilana et al. (2020) recorded 50 fish species
from the Dampa Tiger Reserve, which were fewer than those
reported in the present study. Fish species found in this river
showed some modification like Barilius spp. that inhabit
transparent and cold waters at the study Sites lack modifications
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Fig. 3: A-Psilorhynchus sucatio, B-Schistura savona, C-Garra mcclellanei, D-Chagnious chagunio, E-Amblyceps mangois, F-Garagotyla, G-
Crossocheiluslatia, H-Barilus barna, |-Badis badis, J-Acanthocobitis botia, K-Labeoboga, L-Garra lamta, M-Barilus bendelisis, N-Barilus bola, O-
Pseudolaguvia shawiand P-Labeo dyocheilus.
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Table 1: Check list of ichthyofanal diversity along with its habitat preference guild at four sampling sites of River Changa.

Order Family Fish species found FPG WTP Site-1  Site-2 Site-3 Site-4
Cypriniformes Balitoridae Aborichthys elongates (Hora) Fd, Or RH Cw + + +
Acanthocobitis botia (Hamilton) Fd, Or RH Cw + + + -
Schistura rupecula (McClelland) Fd, Or RH Cw + + + +
Schistura savona (Hamilton) Fd, Or RH Cw + + +
Cobitidae Botia dayi(Hamilton)Fd, Or RH Cw + + + -
Lepidocephalicthys guntea (Hamilton) Fd EU Ww + + + +
Somileptesgongota (Hamilton) Fd, Or RH Cw + + + -
Botia lohachata (Chaudhri) Fd, Or RH Ww - - - +
Cyprinidae Aspidoparia morar (Hamilton) Fd EU CW + + +
Aspidoparia jaya (Hamilton) Fd EU Cw + + + -
Barilius barila (Hamilton) Fd RH Cw + + + +
Barilius barna (Hamilton) Fd RH Cw + + + -
Barilius bola (Hamilton) Fd EU WR + + + +
Barilius shacra (Hamilton) Fd RH Ccw + + + -
Barilius vagra (Hamilton) Fd RH Cw + + + +
Barilius bendelisis (Hamilton) Fd RH Cw + + + +
Barilius tileo (Hamilton) Fd RH Ccw + + + +
Bengalaelanga (Hamilton) Fd, Or LH WR - - + +
Chagunius chagunio (Hamilton) Fd RH Cw + + +
Crossocheiluslatia (Hamilton) Fd RH Cw + + + -
Devario devario (Hamilton) Fd, Or RH WR + + + +
Esomus danricus (Hamilton) Fd, Or EU WR - +
Danio rerio (Hamilton) Fd, Or RH WR - - +
Danio dangila (Hamilton) Fd, Or RH WR - - - +
Garragotyla(Gray) Fd RH Cw + + + +
Garra kempi(Hora) Fd RH Cw + + - +
Garralamta (Hamilton) Fd RH Cw + + +
Garramcclellanei (Jerdon) Fd RH Cw + + +
Labeo boga (Hamilton) Fd RH WR + + -
Labeo dero (Hamilton) Fd RH WR + + +
Labeo dyocheilus (McClelland) Fd, Sp RH WR + + + -
Osteobrama cotio (Hamilton) Fd, Or EU WR - + + +
Puntius stigma (Hamilton) Fd, Or EU Ww + + + -
Puntius sophore (Hamilton) Fd, Or EU Ww + + + +
Puntius sarana (Hamilton) Fd EU WR + + + -
Puntius ticto (Hamilton) Fd, EU ww + + + +
Puntius conchonis (Hamilton) Fd, Or EU ww - - +
Puntius gelius (Hamilton) Fd, Or EU Ww - - +
Puntius javanicus (Bleeker) EX EU Ww - - +
Cyprinus carpio (Linnaeus) EX EU Ww - - - +
Psilorhynchidae Psilorhynchus balitora (Hamilton) Fd RH Ccw + + -
Psilorhynchus sucatio (Hamilton) Fd RH Cw + + + -
Siluriformes Amblycipitidae Amblyceps mangois (Hamilton) Fd, Or EU + + + +
Bagridae Mystus tengra (Day)Fd, Or EU ww - - - +
Clariidae Clarias batrachus (Linnaeus) Fd EU Ww + + + +
Heteropneustidae ~ Heteropneustes fossilis (Bloach) Fd EU Ww + + - +
Olyridae Olyra kempi (Chaudhuri) Fd, Or RH Cw + + +
Olyralongicaudata (McClelland) Fd, Or RH Cw + + +
Sisoridae Gagata cenia (Hamilton) Fd, Or RH Ccw + + +
Nangra punctate (Day) Fd,Or RH Cw + + +
Pseudolaguvia ribeiroi (Hora) Or RH Cw + + +
Pseudolaguvia shawi(Hora) Or RH Cw + + - -
Perciformes Anabantidae Anabas testudineus (Bloch) Fd EU ww - - +
Chacidae Chaca chaca (Hamilton) Or EU ww + + + +
Channidae Channa punctate (Bloch) Fd EU Ww + + + +
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Channa gachua (Hamilton) Fd,Or EU WwW + + +

Channa striata (Bloach) Fd EU Ww - - -

Gobiidae Glossogobius giuris (Hamilton) Fd EU Ww + +
Nandidae Badlis badis (Hamilton) Fd, Or EU Ww + + +
Badiskanabos Kullander & BritzFd, Or EU wWw + + -
Cyprinidontiformes Aplocheilidae Aplocheilus panchax (Hamilton) Or EU WW - +
Beloniformes Belonidae Xenentodon cancila (Hamilton) Fd, Or EU WwW + + +
Synbranchiformes Mastacembelidae ~ Mastacembelus armatus (Lacepede) Fd,Or EU WwW + + +
Macrognathu spancalus (Hamilton) Fd,Or ~ EU Ww + + + +

Fd=food value, Or= ornamental, Sp= sport, FPG=food preference guild, WTP —water temperature preference,Rh= Rheophilic, EU= Eurytopic,

WW=warm water, CW= cold water, +'=indicatespresent,’-'=indicatesabsent

to high current. Fish species like Crossocheilus latius and
Psilorhynchus balitora with fine stream lined body adhere to
pebbles and stones to counteract high currents the loaches,
Nemacheilus spp., Schistura spp., Aborichthys elongatus and
Acanthocobitis botia resides on pebbles and stone with distinct
attachment devices below the lower jaw and fish like Garra spp.
hold on to the exposed surface of uncovered rocks with adhesive
apparatus on their lower surface of lower jaw. Fish species such
as Nemacheilus spp., Schistura spp., Aborichthys elongatus,
Acanthocobitis botia and Garra spp., were dominant at Site 1 and
2, and could sustain high water currents by attaching onto the
stones by different attachment devices. Site 1 and 2 were rich in
stone and boulders, that helped in the attachment of fish species.

The habitat preference guild, based on the flow
preference and water temperature preferences of adult fishes is
discussed here. Rheophilicfish are confined to lotic water and
adopted to torrential water currents and eurytopic fish are
confined to both lotic and lentic waters but not adopted to
torrential water currents. Cold-water fish can withstand water
temperatures of 20 degrees Celsius or higher (Jhingran, 1978).
Out of 64 fish species, 33 were rheophilic, 31 eurytopic, 28 cold-
water and 24 warm-water fish (Table 2). Sites 1, 2, and 3 recorded
the highest number of rheophilic and cold-water fish, while Site 4
the highest number of eurytopic and warm-water or tropical fish
were reported. At Site 1, the maximum number of rheophilic (30
species) fish were found, followed by cold-water fish (28 species),
eurytopic (20 species), warm-water or tropical fish (15 species),
and 7 species of temperature-tolerant fishes. Site 2 recorded the
highest number of rheophilic (30 species) fish, followed by cold
water fish (28 species), eurytopic (21 species), warm water or
tropical fish (15 species) and 8 fish species with a wide range of
temperature tolerance. At Site 3, the maximum number of
rheophilic (26 species) fish were recorded, followed by cold-water
fish (25 species), eurytopic (21 species), fish warm-water or
tropical fish (14 species), and eight fish species with a wide range
of temperature tolerance. At Site 4, the maximum number of
eurytopic fish species (25 species) were recorded, followed by
warm-water or tropical fishes (21 species) rheophilic (10 species)
and cold-water fishes with a wide range of temperature tolerant
species, each with 7 species. Rheophilic fishes were dominantin
the upper stretch of the river and gradually decreased in the lower
stretch, while the eurytopic fishes showed the reverse trend.

Similar findings were suggested by Chakraborty and
Homechaudhry (2013) in the river Teesta. The rivers of the
Himalayan region are blessed with cold water and torrential fish
(Singh and Akhtar, 2015; Singh and Sarma, 2017). Sarkar (2021)
recorded 71 coldwater fish species from different rivers of the
Dooars region. Out of 64 fishes, 33 possessed both food and
ornamental values, 28 had only food value and 3 had only
ornamental value. A few important ornamental fishes reported in
this study were Chacachaca, Pseudolaguvia ribeiroi and
Pseudolaguvia shawi (Table 1). Swain (2008) reported that 85%
of the ornamental fish are exported by the North-eastern states.
The maximum average number of taxa was recorded at Site 2
(44.33) and minimum at Site 3 (34.67). The maximum number of
individuals (900) were reported at Site 2 and minimum (662) at
Site 4. The highest Shannon-Weiner diversity index (3.78) was
reported at Site 3, while the lowest Shannon diversity index (3.41)
was reported noted at Site 4, respectively. According to Shannon-
Weiner index, the River Changa is regarded as good quality and
suitable for aquatic organism (Shannon diversity index ranged
from 3-4). The highest Margalef's richness index was
documented (6.49) at Site 2 and least (5.14) at Site 3 (Table 2).
Lalramliana et al. (2020) recorded the diversity index of 3.78 from
the rivers following through Dampa Tiger Reserve. Sarkar and
Paul (2021) in the River Teesta and Acherjee and Barat (2013) in
the hill stream Relli and the river Teesta reported Shannon
diversity index and Margalef’s richness index which were greater
thanin the present study. Because the river Teesta and hill stream
Relli are large rivers in comparison to river Changa and so,
number of fish species is also greater than the river Changa.

The percentage of stone, pebbles, sand, and mud are
given in Table 3. The highest percentage of stone (59.0) was
recorded at site 1 and nilat site 4 (0.0%). Chakrabarty and
Homechaudhury (2013) recorded 38% stones in the river Teesta
which corroborates with the present findings. The highest
percentage of pebbles (42.0) was recorded at Site 3 and the
lowest at Site 4 (3.66%). Chakrabarty and Homechaudhury
(2013) reported 10% pebbles in the Teesta River, which was
within the range of the current findings. The maximum percentage
of sand (32.0) was recorded at Site 4 and minimum at Site 1
(6.33%). Chakrabarty and Homechaudhury (2013) recorded
25.3% sand in the River Teesta, which corroborates with the
present findings. The highest percentage of mud (64.0%) was
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recorded at Site 4, while no mud was found at Site 1 (Table 3).
Table 3 shows seasonal variations in sediment composition. The
stone, pebbles, sand, and mud persent differed significantly
(p<0.01) among sites, while they were not significant among
seasons. The temperature of water exhibited significant
difference (p<0.01) among seasons. The maximum number of
ichthyofaunal taxa, individuals, Shanon diversity index, and
Margalef’s richness index were recorded during rainy season and
minimum during winters at all sites, due to high volume of water
during rainy season. The higher fish diversity during rainy season
was due to increased water depth with huge nutrients and the
river banks covered with vegetation, which helps to retain
precipitation in the river basin for longer time (Samal and
Majumder, 2005). The number of ichthyofaunal taxa, individuals,
and Shanon-Weiner diversity index showed seasonal variation at
5% significance level. The number of ichthyofaunal individuals
also showed seasonal variation at 1% significance level (Table
2). The distribution pattern of ichthyofaunal species in the
Himalayan streams or rivers depends on the flow rate of water,
nature of substratum and water temperature. Sarkar and Paul
(2021) and Acherjee and Barat (2013) recorded the maximum
number of genera (S), species diversity index (H') and
Margalef's species richness index (R) during rainy season and
minimum in winter, this is in line with the present findings. The
maximum Margalef’s richness index was reported in rainy
season by Sengupta and Homechaudhuri (2015) and Rahaman
et al. (2015). Shahnawaz et al. (2010) and Samal and
Majumder (2005) reported that the maximum ichthyofanal
Shannon-Weiner diversity index was found in rainy season due

Table 4: Results of Principal Components Analysis (PCA) based on
sediment, flow preference guild, water temperature preference and fish
diversity indices at four study sites.

PC1 PC2 PC3
Eigenvalue 14048.6 660.571 132.367
% variance 94.657 4.4508 0.89187
Cumulative 94.657 99.1078 99.99967
%Variation
Eigen vectors
Stone % 0.22123 0.30239 -0.35
Pebble % 0.040569 0.67391 0.72302
Sand % -0.088341 -0.19456 0.27384
Mud % -0.23421 -0.54366 0.41813
Watertemp. in‘c -0.011882 -0.00049036  -0.034262
Rheophilic 0.075715 0.11402 -0.10792
Eurytopic -0.016465 -0.030096 0.062074
Cold water fish 0.078534 0.14226 -0.12253
Warm water fish -0.020941 -0.075528 0.049266
Widerangeoftemp.  0.001658 0.017191 0.027416
Taxa_S 0.030013 -0.063508 0.17419
Individuals 0.93439 -0.2769 0.19723
Dominance_D -2.9043E-05  8.4067E-05 -7.666E-05
Shannon_H 0.00056631 0.0053313 -0.00075303
Evenness_e"H/S 8.2805E-05 -0.00027129  -0.0016114
Margalef 0.0032775 -0.010255 0.028506

to the increased volume of water rich in nutrients.

The entire variables were explained by three principal
components (PC1, PC2 and Pc3). PC1 and PC2 expressed most
of the variables. PC1 and PC2 expressed 94.657 and 4.4508% of
total variance, respectively (Table 5). Tropical fish diversity was
positively influenced by sand and mud. The number of
ichthyofaunal individuals was the most influential factor (because
of the longest line in PCA) among fish diversity indices. The
Shanon-Weiner diversity index and Margalef's richness index
were positively influenced by the number of ichthyofaunal
individuals (Fig. 2). Cold water and rheophilic fish species were
positively influenced by stone and pebbles. Sediment compositions
at Site 4 were dominated by sand and mud, so support the warm
water or tropical and eurytopic fish. Site 1 and site 2 contained
mainly stone and pebbles, so support the rheophilic and cold water
fish.

Indiscriminate and overfishing are major threats to
ichthyofaunal diversity in River Changa as are sand and stone
mining, deforestation along the river, water lifting for tea gardens,
and pesticide run-off from tea gardens and crop fields (Patra et al.,
2011; Goswami et al, 2012). Establishment of stone
embankments inadvertently on rivers side causes loss of
breeding ground and habitat for adult fishes. Dudgeon et al.
(2006) found that many anthropogenic activities, like over fishing,
introduction of exotic fish species, habitat loss and climate
change were important factors for the decline in fish species
diversity. Baillie et al. (2004) reported that the primary threat to
most terrestrial and freshwater species is their habitat
destruction. Paul et al.(2009) reported that excessive harvesting
of Barilius spp. has caused a significant decrease of this fish
species. Treeck et al. (2020) revealed that rheophilic fish species
showed moderate to high sensitivity and eurytops showed
moderate to low sensitivity to environmental changes. Hence, the
cold water and rheophilic fish species of this river are highly
sensitive to environmental changes. Eurytops showed low
sensitivity to environmental changes, which helped them to
survive in degraded environmental conditions (Scharf et al., 2011;
Treeck et al., 2020) which corroborates with the findings of this
study. Barilus spp., Botiadayi, Schistura spp. and Gara spp. are
highly sensitive to minor environmental changes.

In conclusion, moderate fish diversity in the River Changa
acts as ‘genetic resources’ to the area. Due to high volume of
water during rainy season, the maximum number of ichthyofaunal
taxa, individuals, Shanon diversity index, and Margalef's richness
index were observed in the wet season and the smallest in the dry
season at all sites. River substratum has an impact on fish
distribution and abundance. Stone and pebbles have a good
impact on cold water and rheophilic fish species and are positively
correlated, but sand and mud have a positive correlation with
tropical and eurytopic fish. Over excavation of sand, pebbles and
boulders and many anthropogenic activities have destroyed the
habitat for fish. Over excavation of sand, pebbles and boulders for
construction work actually changes the river substratum
composition, which is a threat to many indigenous fish species. If
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we should not take immediate conservation steps we will soon
lose our valuable fish resources in near future.
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