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ABSTRACT

One hundred and thirty seven fish species belonging to 12 orders, 39 families and 91 genera have been
sampled from non-saline portions of 13 different rivers and associated lentic bodies. Order Cypriniformes
contributes 28.467% of total species. Orders Perciformes and Siluriformes contribute to 26.277% and 24.087%
respectively. Other orders contribute less than 10% of the total fish species. Beloniformes has contributed to
0.729 % only. Out of 137 species, 36 species, i.e. more than 26% have maximum niche expansion as they are
common to all rivers. Altogether 17 alien fish species have established across the rivers. Per cent indices of
Diversity, Equitability, Richness and Concentration of Dominance ranged from 26.31 to 54.54, 7.05 to 10.69,
10.39 to 23.86 and 5.12 to 10.53 respectively. Increase in diversity has been ensured by the increase in
species richness only, without any significant change in species equitability. This suggests for vulnerable
communities with spontaneous adaptive changes plus survival of existing species through heterogeneous
niche spaces in face of habitat fragility, as evidenced by many co-existing genera with multiple species,
subspecies, varieties, ecotypes etc.

Key words : Alien species, Adaptation, Dominance diversity Curve, Habitat fragility, Migration, Speciation.

Introduction

Rivers rich in fish diversity undergo rapid bio-diver-
sification induced by recurring niche amplification
and contraction mediated through inter-riverine
migration in South Bengal (Rakshit and Roy, 2021).
Again, spatially and temporally dynamic strategies
for efficient use of detritus (nutrients) have been re-
vealed in the lower end of these same rivers that at-
tract marine biota including ichthyofauna to bio-di-
versify these lotic systems close to the sea (Roy,
2011). Fish of all kinds are among most favoured
food of Bengali population. Human population den-
sity is however, high in this part of India where

many rivers have turned from perennial to seasonal
and even have ceased to flow during dry seasons
(Arthington, 2012). This is primarily due to anthro-
pogenic exploitation through dams, barrages, canal
diversifications, industrial refuge plus solid waste
deposition, encroachment, unethical fishing and silt-
ation. Fish diversity in rivers is manifested as species
clustering in selected stretches of river continuum
(Lasne et al., 2007), depending on local habitat varia-
tions creating heterogeneity (Johnson et al., 2012).
Perturbed river habitats are bound to be highly het-
erogeneous. This study is a review supported re-
peated spot investigations to examine the hypoth-
esis that constrained river ecosystem’s instability
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and fragility have both positive and negative influ-
ences on present state of ichthyofaunal diversity.

Materials and Methods

Study Area

The study sites (Fig. 1) are within geographical co-
ordinates of 22°18´ to 24°10´N latitude and 86°32´ to
89°09´E longitude, in the lower Ganga Delta of West
Bengal in India, supporting a large tract of decidu-
ous Sal (Shorea   robusta) dominating forests, habita-
tions, industries, mines and agricultural lands on a
mixed terrain. Land is lateritic in western part of the
delta and alluvial in the eastern part. Climate is dry
tropical with seasonality such as rainy, winter and
summer with three transition periods in between.
Annually seven to eight months remain dry continu-

ously with occasional localized showers and storms.
Remaining months are wet due to South West mon-
soonal rainfall. Rainy season encounters about 76
per cent of total annual precipitation creating recur-
ring flood. The average annual rainfall is around
1400 to 1500 mm. The highest temperature may
reach up to 40oC to 43oC in May, and the lowest tem-
perature may go down below 10oC in late December
and early January nights.

Riverine system of lower Ganga delta

Thirteen principal rivers included in the lower
Ganga river basin (23371 sq km) in the state of West
Bengal (Fig. 1) have been investigated within fresh-
water zone characterized by less than 0.05 % of dis-
solved salts. Bhagirathi (R1) (called Hooghly from
the lower end at the meeting point of river Jalangi),
is the central river originating from the Ganga and

Fig. 1. Study sites on lower Gangetic Bengal delta. Ghatal (1),  Gadiara (2), Mukutmanipur (3),  Khirpai (4),  Ranibandh
(5),  Khatra (6),  Dudhkundi (7), Mahisadal (8),  Shyamsundarpur (9),  Gopiballavpur (10),  Kolaghat (11), Deulti
(12),  Birbhanpur (13),  Amta (14),  Ketugram (15),  Kenduli (16),  Suri (17),  Sundarpur (18),  Nabadwip (19),
Bandel (20), Panihati (21),Krishnanagar  (22),  Tehatta (23), Ranaghat (24),  Birnagar (25),  Hasnabad (26),
Basirhat (27).
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flows southward for 260 km to the Bay of Bengal.
Mayurakshi (R3, 118 km), Ajay (R2, 109 km)
Damodar (R7, 134 km), Rupnarayan (R10, 87 km)
[formed by joining of Darakeswar (R8, 69 km) and
Shilabati (R9, 46 km)], Kongsabati (R11, 89 km) and
Keleghai (R12, 57 km) [last two later join to form
Haldi river (45 km)] have been studied.
Mundeswari (76 km) remains mostly dry during
summer and connects Damodar with Rupnarayan.
These rivers meet Hooghly on west bank.
Subarnarekha (R13) originates from Orissa state and
passes through Bengal for about 79 Km and re-en-
ters Orissa to meet the sea. On Eastern bank, Jalangi
(R4, 74 km) flows from Padma into Bhagirathi.
Churni (R5, 56 km) and Ichhamoti (R6, 98 km) are
two diversions of common water of Mathabhanga
(19.5 Km, originating from Padma) and Bhairab (32
Km, originating from Jalangi). Churni flows into
Hooghly and Ichhamoti flows to Bangladesh and
occasionally manifests mild salinity during up tide
in dry seasons.

Literature Survey

An extensive literature survey for listing the previ-
ously available taxa (Mishra et al., 2003; Jayaram,
2010; Mahapatra et al., 2014; Lakra et al., 2010; Sarkar
et al., 2012; Roy et al., 2013; Kar et al., 2017; Das et al.,
2013) preceded a total of ten years of data accumu-
lation through direct fish catches coordinated me-
thodically following Rakshit and Roy (2021). Exist-
ing literature was also cross checked through spot
sampling from fishermen along with local fish mar-
ket survey, and rural appraisals from villagers in-
volved in fish catch and fishing business. However,
only sampled species have been listed.

Sampling

Each river has been sampled seasonally from two
locations i.e., one at the upstream and the other at
the downstream. Bhagirathi (Hooghly) has been
sampled from three locations for being the most
important river of this region. Altogether there were
27 study sites. Samples were also taken from marsh
lands, paddy fields, and lentic bodies associated
with rivers whenever there was intermixing of wa-
ter, primarily during post monsoon period. Twenty
seven fish landing regions (two landing regions per
river), (Fig. 1) were selected one each by and large at
upstream and downstream; except Hooghly/
Bhagirathi where three landing regions were
sampled for being the central and largest river. 100

m by 30 m rectangular quadrats were hypothetically
placed for sampling. Accuracy of sampling was
difficult due to vastness, openness and depth of all
rivers particularly in Bhagirathi/ Hooghly during
monsoon.

Diversity analysis

All diversity indices were calculated consulting Roy
(2003), Fedor and Zvarikova (2019). Standard indi-
ces such as Equitability Index, Concentration of
Dominance, Index of Diversity and Species Richness
Index were calculated.

Indices have been represented as relative (among
rivers) per cent values for easy comparison among
rivers. Models have also been obtained by fitting
these indices into polynomial equations. Dominance
Diversity Curves (DD curve) have been represented
as log values of annual average fish count of each
species (Total average fish count plotted separately
for each river per 30 × 100 m2 quadrat) on Y axis of
a semi logarithmic scale with each species arranged
on X axis in an order of most to least abundance

Statistical analysis

Polynomial modelling and Gaussian species pack-
ing were conducted using Past 3.14 statistical soft-
ware, Graph Pad Prism 5 Statistical Software and
Microsoft Excel 7.

Results and Discussion

Ichthyofaunal diversity

Altogether 137 sampled fish species are distributed
in 91 genera and 40 families belonging to 12 orders
(Appendix 1 and Fig 2). Order Cypriniformes is the
most diverse with only 2 families but with a maxi-
mum number of 39 species (28.467%). Perciformes
has the maximum (15) number of families contain-
ing 36 species (26.277%) followed by Siluriformes
with 11 families and 33 species (24.087%).
Ceupeformes has 9 species in 2 families (6.967%);
Syntranchioformes has 5 species (3.649%) under 2
families; Mugiliformes has 4 species (2.919%) in 1
family; Anguliformes has 2 species (1.459%) in 2
families; Cyprinodontiformes, Pleuronectiformes,
Tetradontiformes and Osteoglossiformes all have 2
species (1.459%) in 1 family; Beloniformes is least
diverse with 1 species (0.729%) in 1 family only (Ap-
pendix 1). 17 alien species have permanently estab-
lished in these rivers (Perceformes 6, Cypriniformes
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5, Siluriformes 4, Cyprinodontiformes 1, and
Anguliformes 1).

Out of 137 sampled species, 36 species are com-
mon to all rivers (marked *, Appendix1) remaining
101 species are uncommon to at least one or more
rivers. River Subarnarekha revealed maximum
number of 125 species followed by Keleghai (124),
Kongsabati (117), Rupnarayan (112), Bhagirathi
(107), Shilabati (92), Churni (91), Jalangi (90),
Dwarakeswar (82), Damodar (79), Ichhamoti (67),
Mayurakshi (67). River Ajay had the minimum
number of 64 species. Bhagirathi (Hooghly), with
107 species is a conservative estimate as precision of
sampling is restricted due to vastness and depth.
Further, the list prepared from 27 locations should
never be conclusive as well, due to habitat adapta-
tion of extreme heterogeneous local clustering of
Fish fauna and inaccessibility in a lotic continuum.
Jalangi, Churni and Ichhamoti have been sampled
from Indian side only.

Diversity indices

Fish diversity indices for 13 rivers are given in Table
1 and concurrently Fig. 3 represents dominance di-

versity curve. Equitability index is highest in the
river Churni, and lowest in the river Darakeswar.
Diversity index is highest in the river Subarnarekha
and apparently lowest in the Ajay and again Rich-
ness index is highest in Subarnarekha and lowest in
the river Ajay. Hooghly although is the largest river
receiving all other rivers, has the moderate index of
diversity and richness index because of vastness that
allows big separation among species as well as indi-
viduals, resulting in fair index values mostly repre-
sented as bits per individual (Roy, 2003). Indices of
diversity, equitability, richness and concentration of
dominance in relative per cent values were 26.31 to
54.54, 7.05 to 10.69, 10.39 to 23.86 and 5.12 to 10.53
respectively across all rivers (Table 1).

Variations in species packing

Gaussian species packing within ichthyofaunal
population (Fig. 4) across all rivers in five high
(above 1450 mm) and five low (below 1450 mm)
precipitation years indicate more elaborate and am-
plified species abundance in high rainfall years com-
pared to that of low rainfall years. Curves indicate
that in these rivers fish species abundance gets lim-

Fig. 2.  Distribution of Fish species and families in different orders

Table 1. Diversity Indices represented as relative percent values sampled from thirteen rivers.

Diversity Indices R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11 R12 R13

Equitability index (Es): 7.05 8.39 8.46 6.68 10.69 7.2 7.5 6.01 6.9 7.94 8.01 7.05 7.35
Concentration of Dominance 10.53 7.9 7.9 10.53 7.9 10.53 7.9 5.12 7.9 7.9 5.12 5.12 5.12

(Cd):
Index of Diversity (D): 37.46 26.31 29.75 28.44 35.23 32.63 27.59 32.14 35.85 39.48 42.55 44.03 54.54
Species richness index (d): 16.50 10.39 11.42 11.42 14.69 12.90 12.79 12.63 15.11 17.58 19.27 20.86 23.86
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ited within imploded population under water con-
straints. Diagrams of Gaussian species packing
models are also supported by the fact that the rain-
fall accounts for 88 per cent variability in fish popu-

lations across these rivers (Rakshit and Roy, 2021).

Alien species

Out of total number of 137 sampled species some

Fig. 3. Dominance Diversity Curve of all rivers.  X : Species sequence in order of most to least abundance; Y: Log num-
ber of individuals in each species (Log of total annual population represented as an average fish count within
30 X 100 m2 y-1).

Fig. 4. Gaussian species packing within total fish population across all rivers during post monsoon (a) and summer
drought (b) periods of the years. X axis represents population values. Y axis is species abundance represented
by the number of species corresponding to a limit of population.
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alien species probably under captive breeding have
invaded the rivers and 17 of them have established
permanently. A system of spatially and temporally
co-ordinated supply of conserved nutrients (detri-
tus) has evolved harmoniously with the events of
recurring alien species migration in the Ganga delta
river mouth (Roy, 2011). Further, many native biotas
throughout the world are represented by invaded
species of the past (Mc Donald and Hershey 1989).
Although regions with the history of alternate and
repeated inundations due to recurring floods and
failed monsoon induced droughts can seldom pro-
vide any reliable data of ichthyofaunal alien nature,
yet in South Bengal it appears that most of the alien
species have come through anthropogenic input in
the past. Three more alien species available in
aquaculture farms have also been sampled from
nature but not included as they failed to reappear in
samples of the subsequent years.

IUCN Red Data List species

Available data (Fig 5, Appendix 1) suggests (IUCN
2020) that 11 %, 4 % and 3% of the fish species of this
region belong to ‘Critically Endangered’, ‘Near
Threatened’, and ‘Vulnerable’ groups respec-
tively.17 % of species are either ‘Data Deficient’ or
are not yet properly evaluated for population status.
However 65% of the existing species are in ‘List con-
cern’ group. So existence of by and large 35% of spe-
cies in either fragility or information deficiency is no
doubt a matter of concern and demands holistic
habitat improvement. This deserves mention that
present authors have opinion that IUCN list needs
to be freshly reviewed depending upon detail down

to earth samplings in future.

Indices relationship indicates ecosystem’s
fragility and niche diversification

Species richness increases to increase the overall di-
versity without any influence on species equitability
across the rivers, as the index of diversity explains
82% variability (r = 0.919, p<0.01) in the ichthyofau-
nal species richness (Figure 6). However, the same
relationship is insignificant between the index of
equitability and the index of diversity. This insignifi-
cance indicates towards fragility and instability of
these fish community as the increase in diversity rise
is only through species richness rise but not the
equitability. Habitat vulnerability induces spontane-
ous diversification and gradual speciation through
heterogeneous niche spaces to combat stresses. This
is evidenced through a coexisting multiple genus
with a number of species, subspecies and varieties
of Ichthyofauna (Appendix 1). Phenotypic plasticity,
standing genetic variations and newly derived mu-
tations have been the prime adaptive potentials of
freshwater fish with limited dispersal abilities to
avoid extinction due to natural stresses (Smith et al.,
2013).

Fig. 5. Species distribution in accordance with ‘IUCN
Red Data List of Threatened Species’ in all rivers.

Fig. 6. Polynomial relationship between the index of di-
versity (X) and species richness index (Y), across
the rivers; both the relationships are significant at
r = 0.919, p < 0.01 at 11 df.

Conclusion

Vulnerable rivers have manifested high species rich-
ness with 137 ichthyofaunal species, 91 genera and
multiple varieties within same taxa. Fish diversity
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increase is ensured only through increase in species
richness, without confirming any stability to the
population as species equitability fails to rise signifi-
cantly. Highly heterogeneous habitats that always
exist in lotic continuums have facilitated survival,
spontaneous adaptation, ecotype formation and
gradual speciation in multiple alternate niche
spaces. Once established, these species may have
also flourished elsewhere during monsoonal in-
crease in habitat homogeneity to facilitate migration.
The process is repeated continuously with recur-
rence of dry and wet seasons. This observation also
indicates that many species exist through very less
number of populations. IUCN red data book sup-
ports this fact that conservation of at least 35% of
species needs priority. Holistic habitat improve-
ments should be the prime target for conservation.
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