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Abstract Wetlands in Paschim Bardhaman, West Bengal, India, represent vital habitats for migratory and
resident waterbirds along the East Asian—Australasian and Central Asian Flyways. This study assessed waterbird
diversity across 11 lotic and lentic wetlands from 2020 to 2025, analysing species richness, abundance, and
diversity indices. Using modified total count methods, 78 species were recorded, with Durgapur Barrage and
Burnpur Riverside showing the highest abundance and richness, respectively. Alpha-diversity indices revealed
significant site-level variations, while beta-diversity analyses highlighted distinct species compositions,
particularly at species-poor sites like Nachan Dam. Cluster analysis grouped sites based on species abundance,
revealing both ecological similarity and distinctiveness. The widespread dominance of Lesser Whistling-Duck
and localized records of rare species such as Falcated Duck and Common Merganser underscore the conservation
significance of both high- and low-diversity wetlands. The findings stress the importance of a landscape-scale
conservation strategy integrating habitat heterogeneity, anthropogenic impacts, and flyway connectivity. Long-
term monitoring and habitat-specific management are essential to ensure the ecological integrity of these
transitional wetlands during rapid urban and industrial expansion.

Keywords: wetlands, waterbirds, Paschim Bardhaman, beta-diversity, abundance, richness

Osszefoglalas A nyugat-bengali Paschim Bardhamanban talalhat6 vizes él6helyek 1étfontossagi teriiletet jelen-
tenek a vonul6 és allandd vizimadarak szdmara a kelet-4zsiai—ausztral-azsiai és a kdzép-azsiai madarvonuldsi
utvonalak mentén. Ez a tanulmany a vizimadarak diverzitasat vizsgalta 11 lotikus és lentikus vizes él6helyen
2020 és 2025 kozott, elemezve a fajgazdagsagot, a tomegességet és a diverzitasi mutatokat. Modositott teljes
szamlalasi modszerrel 78 fajt regisztraltak, melyek soran a legmagasabb abundanciat és fajgazdagsagot a Dur-
gapur-gat ¢s a Burnpur-folyopart mutatta. Az alfa-diverzitas indexek jelentds teriileti szintii eltéréseket mutat-
tak, mig a béta-diverzitasra vonatkozo elemzések a fajosszetételre vilagitottak ra, kiilondsen a fajszegény terti-
leteken, mint példaul a Nachan-gaton. A klaszteranalizis a fajgazdagsag alapjan csoportositotta a helyszineket,
ami az okologiai hasonldosagot és a kiilonbozoségeket egyarant feltarta. A bengali fiityiilolad széles korti do-
minancidja és az olyan ritka fajok, mint a sarlds réce és a nagy buko lokalis el6forduldsa kiemeli mind a nagy,
mind az alacsony valtozatossagt vizes élohelyek természetvédelmi jelentéségét. Az eredmények hangstlyoz-
zék az él6helyek heterogenitasat, az antropogén hatasokat és a repiilési utvonalak 6sszekapcsolhatosagat integ-
ralo, taji léptéki védelmi stratégia fontossagat. A hosszl tava megfigyelés és az ¢l6helyspecifikus gazdalko-
das alapvet6 fontossagu ezen atmeneti vizes él6helyek 6kologiai integritdsanak biztositdsdhoz a gyors varosi
és ipari terjeszkedés kozepette.

Kulcsszavak: vizes ¢l6helyek, vizimadarak, Paschim Bardhaman, béta-diverzitas, abundancia, fajgazdagsag
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Introduction

Wetlands are among the world’s most productive ecosystems, yet they face mounting
threats from anthropogenic pressures and environmental change (Froneman et al. 2001).
Widespread reclamation for agriculture, rapid urbanization, and unregulated development
have contributed to their alarming degradation, with nearly half lost since the early 20%
century (McKinney 2002). These ecosystems are crucial for resident and migratory
waterbirds, providing sites for feeding, breeding, roosting, and nesting. Wetland degradation
has significantly contributed to global decline in waterbird populations (Zakaria & Rajpar
2013). In turn, waterbirds support ecological balance through seed dispersal, pest control,
and nutrient cycling, making them effective bioindicators of wetland health. Assessing their
diversity offers vital insights into ecosystem integrity.

Bird community composition is shaped by habitat features, which vary across regions.
Habitat heterogeneity, especially in vegetation and water availability, enhances avian
richness (Sebastian-Gonzalez & Green 2014). Conversely, habitat fragmentation and land-
use change often lead to biodiversity loss (Xu et al. 2024). As sensitive ecological indicators,
birds help assess both qualitative and quantitative habitat conditions (Adhurya et al. 2020,
Mukherjee et al. 2021, 2022).

Bird diversity is commonly measured as alpha (species richness within a habitat) and
beta (species turnover between habitats) diversity. These metrics reflect how factors such
as habitat structure, water quality, and food availability influence species distribution
(Almeida et al. 2018).

This study focuses on wetlands of Paschim Bardhaman, located between the Ajay,
Damodar, and Barakar rivers, and features diverse landscapes shaped by the degraded
plateau and plateau-fringe fan zones (Bandhopadhyay et al. 2014). Rocky hillocks, lateritic
soils, and varied hydrological features support significant wetland formations. However,
extensive deforestation and urban expansion, driven by coal mining and industry, have
transformed the region.

The district has a transitional climate with hot summers, monsoonal rains, and mild
winters. Annual rainfall averages around 1,408 mm (Ghorai et al. 2018). Land cover changes
between 1993 and 2015 show a marked increase in settlements and a decline in vegetation
(Hati et al. 2025).

Historical bird records by Gauntlett (1971, 1985) documented nearly 300 species in the
region, highlighting its importance for both resident and migratory waterbirds, while a
recent study has reported 73 bird species from a wetland in Durgapur (Adhurya et al. 2019).



A. Mukherjee, S. Adhurya, M. K. Chattopadhyay, S. Adhurya, S. Misra, 371
A. K. Dawn, A. Roy, D. Goswami, A. Khan, B. Sarkar & G. D. Bhowmick

The present study aims to compile a comprehensive checklist of waterbirds from eleven
significant lotic and lentic wetlands within the Paschim Bardhaman district, which serve
as important wintering grounds along the East Asian—Australasian Flyway (EAAF) and
the Central Asian Flyway (CAF). It further evaluates spatial patterns in species richness
and abundance, and examines changes in waterbird diversity over the period from 2020 to
2025. Given the district’s unique geographical positioning and ecological characteristics,
the findings of this study are expected to enhance understanding of avifaunal dynamics in
transitional landscapes and inform evidence-based wetland conservation efforts.

Material and Methods

Study area

Eleven lotic and lentic wetlands were selected for the present study. These sites are Burnpur
riverside (W1), Chittaranjan wetland complex (W2), Choti Raniganj (W3), Durgapur
barrage (W4), Gunjan ecological park (W5), IISCO ash pond (W6), Maithon dam (W7),
Mudir bandh (W8), Nachan dam (W9), Sukho bandh (W10), and Vaska (W11). Details of
the wetlands are represented in 7able 1, and locations are depicted in Figure 1.

Table 1. Description of the study sites
1. tdbldzat A vizsgalati helyek leirasa

'3:; Name Code | Location Description
The Burnpur stretch of the Damodar River features an
interlaced river system, characterized by exposed sandbanks,
gravel beds, and grasslands. These open habitats provide
p [Bumeur | 236301283 e can a1 support grouninesti
Riverside 86.9709935 | 2¥acent 9 P pport9 9

or grassland-associated residents and migrants. Water levels
fluctuate seasonally, exposing nutrient-rich substrates

that enhance invertebrate abundance, crucial for feeding
migratory shorebirds.

This is a wetland complex located within the urban matrix of
Chittaranjan town, hydrologically connected to the Ajay River
system. These wetlands comprise a network of reservoirs and
embankments, providing permanent freshwater habitats
23.8682571 | amid urban pressure. Despite anthropogenic influences, it
86.9071555 | supports a high diversity of migratory anatids during winter.
The connectivity with the Ajay River facilitates periodic
influxes of nutrients, enriching the habitat’s trophic dynamics.
Commercial fishing and the unscientific management of the
wetland vegetation are the major problems.

Chittaranjan
2 | Wetland w2
Complex
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Sl.

No.

Name

Code

Location

Description

Choti
Raniganj

W3

23.7662575
86.9732974

An artificial water body, Choti Raniganj, is primarily managed
for extensive fish farming. The seasonal nature of the water
body creates a dynamic aquatic-terrestrial interface that is
particularly attractive to waterbirds. Post-monsoon drawdown
periods expose mudflats, providing feeding sites for migratory
waders. Fish farming activities may indirectly support
piscivorous bird species through increased prey availability.

Durgapur
Barrage

W4

23.4760583
87.3031139

Durgapur Barrage, located on the Damodar River in the
border of Bankura and Paschim Bardhaman districts, serves
as a seasonal habitat for various waterbird species, especially
during winter. The reservoir and its adjacent wetlands
attract migratory and resident birds, offering foraging and
roosting opportunities. Its mix of shallow and deep waters
supports a diversity of species, including waders and ducks.
Major Problems are disturbance from human activities such
as fishing, boating, and illegal sand mining, pollution from
industrial and domestic wastewater, fluctuating water levels
disrupting bird foraging zones, and habitat degradation due
to encroachment and lack of conservation management.

Gunjan
Ecological
Park

W5

23.6706350
87.0267016

This is a semi-natural water body within a curated ecological
park setting. Surrounded by a patch of semi-deciduous

tree cover, the site experiences moderate anthropogenic
disturbance due to recreational use. However, the mosaic

of aquatic vegetation and woodland edge offers suitable
microhabitats for waterbirds during winter. The presence of
semi-natural patches and regulated human activity makes it
a moderately favorable site for wintering species that tolerate
human presence.

1ISCO Ash
Pond

W6

23.6344079
86.9515660

Situated within the Burnpur Steel Plant premises, this
industrial water body functions primarily as a sedimentation
pond. Although engineered for industrial utility, it holds
potential as a valuable roosting and foraging site for
waterbirds. The relatively undisturbed water surface, especially
in winter, can serve as a nocturnal roosting refuge. One bank,
fringed with Typha vegetation, further enhances its suitability
by providing cover and potential nesting habitat.

Maithon
Dam

W7

23.8151268
86.8455940

Maithon Dam, situated on the Barakar River, serves as an
important wintering habitat for a variety of waterbirds,
including migratory ducks and waders, thanks to its expansive
reservoir, mudflats, and vegetated margins. The majority of
the area is located in Jharkhand. Despite its ecological value,
the site faces several threats such as fluctuating water levels
due to hydropower operations, disturbance from recreational
activities like boating, pollution from nearby settlements and
industries, and gradual loss of shoreline vegetation due to
erosion and encroachment.
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Sl.

No.

Name

Code

Location

Description

Mudir
Bandh

W8

23.6608367
87.3090333

Mudir Bandh is a seasonal freshwater impoundment,
dependent largely on monsoonal recharge. Used extensively
for fish farming, the water body supports a combination of
shallow and deeper zones. These microhabitats attract various
bird species during winter. When water levels recede in winter,
exposed edges and muddy margins provide excellent feeding
grounds for wading species. Agricultural runoff may enhance
productivity, but it also influences water quality.

Nachan
Dam

W9

23.6182125
87.3188655

Nachan Dam, located near Durgapur in West Bengal, is a
relatively small yet ecologically significant waterbody that
supports a variety of waterbirds, particularly during the
winter months. This large irrigation reservoir is mainly fed

by monsoon precipitation. Its shallow zones, mudflats, and
patches of emergent vegetation provide suitable foraging and
roosting habitats for species like herons, egrets, storks, and
migratory ducks. The dam’s relatively low human disturbance
makes it a quiet refuge for avifauna, though increasing
encroachment and water pollution pose emerging threats.

Sukho
Bandh

W10

23.6435346
87.2372727

Sukho Bandh, an artificial wetland hydrologically and
ecologically similar to Mudir Bandh, supports both irrigation
and aquaculture activities. Seasonal water level fluctuations
create a dynamic wetland environment, while the surrounding
agricultural mosaic enhances habitat heterogeneity,
benefiting edge-dwelling and generalist bird species. Periodic
exposure of mudflats in late winter offers critical foraging
grounds for migratory shorebirds. However, rapid urbanization
in the surrounding areas poses a growing threat through
habitat loss, pollution, and increased human disturbance.

Vaska

W11

23.6574654
87.2951736

Located within or adjacent to mango orchards, this monsoon-
dependent water body is part of an agro-wetland landscape.
The interface of cultivated orchards and seasonal wetlands
creates a mixed habitat. The presence of surrounding fruit
trees also provides food sources and roosting sites for
insectivorous and frugivorous migrants during the winter.
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Figure 1. Location of the study sites. The map on the top left indicates the relative location of the
state of West Bengal in the map of India. The map on the bottom left indicates the relative
location of the Paschim Bardhaman district in the map of West Bengal. The map on the right
side shows the study sites in the satellite map of the Paschim Bardhaman district

1.dbra A vizsgalati helyszinek elhelyezkedése. A bal fels6 térkép Nyugat-Bengal allam Indian beli-
li, a bal alsé térkép a Paschim Bardhaman kérzet Nyugat-Bengalidn bellili elhelyezkedését
mutatja. A jobb oldali térképen a vizsgalati helyszinek mdholdfelvételei lathatok

Bird count

Each ofthe 11 study sites was surveyed over three consecutive days during the peak wintering
period in eastern India (1-31 January from 2020 to 2025) to record waterbird abundance
and distribution by two teams of experts (CMS Technical Series 2014). At wetlands <100 m
wide, observers walked one to five 1-km transects, depending on wetland length, covering
all accessible sides. Six fixed observation points, spaced 200 m apart, were established on
each transect. For larger wetlands (>100 m wide), surveys were conducted using a country
boat along 100 m-spaced imaginary grid lines, with observations made from 200 m intervals,
recording birds within a 50 m radius on either side of the line (Mukherjee et al. 2022).
Surveys were conducted independently by three trained observers at three time intervals:
06:00-07:00, 12:00-13:00, and 17:00-18:00. Flying birds were recorded separately (Bibby
et al. 1998), and weather conditions were noted at the start of each session. Daily counts
were averaged to obtain a representative site-level abundance. This approach minimized
short-term weather and observer variability while ensuring temporal comparability across
years within the defined mid-winter window.

Equipment used included a TruePlus 360 Laser Range Finder, Nikon Fieldscope (25-75x%82
ED), Bushnell Equinox Z (4.5%40) night vision, and Nikon Action (10x50) binoculars. Raw
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counts were averaged site-wise to generate abundance indices (Gibbons & Gregory 2006).
Species identification and nomenclature followed Grimmett e al. (2011).

Diversity calculations

The alpha-diversity was analysed to assess species richness within individual habitats and
the beta-diversity to evaluate changes in species composition across habitats, following
Whittaker (1972). Alpha-diversity was quantified using the Shannon—Wiener index (H’),
which is sensitive to rare species (Pielou 1969), along with Simpson’s dominance index
(Dyinp)» Pielou’s evenness index (J'), and Margalef’s richness index (D,,,,). These indices
were calculated using PAST v4.17, each offering complementary insights into community
structure: H" and Dy, reflect proportional abundance (favouring rare vs. common species,
respectively), J' indicates species evenness, and D, combines richness and abundance.
Chaol was used to calculate the estimated species richness based on singleton and doubleton
species. The Chaol estimator provides a lower-bound estimate of species richness by
adjusting observed richness for unseen taxa based on the number of singleton (f1) and
doubleton (f2) species in the sample. The estimator is defined as

marg,

Schaot = Sobs + -
Chaol obs 2f,

where Syps is the observed number of species. Chaol is particularly useful when rare species
are present and sampling is incomplete (Chao 1987).

For beta-diversity, we used Whittaker’s index (Ppw) for presence/absence data scaled
from 0 (complete similarity) to 1 (maximum dissimilarity) (Baselga 2010). Bw is suited for
species list comparisons, and it may be influenced by dominant species (Chao et al. 20006).

Statistical analyses

Hierarchical cluster analysis of waterbird assemblages across the eleven wetlands was
performed using the Unweighted Pair Group Method with Arithmetic Mean (UPGMA)
based on normalized species-wise abundance data, employing the Euclidean similarity
index to quantify inter-site dissimilarity, which is suitable for analyses emphasizing absolute
abundance patterns.

Differences in total species abundance among wetlands were evaluated using one-way
ANOVA followed by Tukey’s Honestly Significant Difference (HSD) post-hoc test (p < 0.05)
(Derrac et al. 2011). Abundance data were log;o(x + 1) transformed to meet assumptions
of normality and homoscedasticity, which were verified using Shapiro-Wilk and Levene’s
tests, respectively. Table 2 presents adjusted p-values from pairwise comparisons between
wetlands (W1-W11). These results indicate the strength and direction of abundance contrasts
across sites under a common sampling framework; they are interpreted as comparative rather
than inferential indicators of community difference. As this analysis aims to identify relative
abundance differences rather than to model temporal dynamics, no further model-based
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testing was performed at this stage. We acknowledge that temporal and observer effects may
influence absolute values, but the results robustly describe spatial differentiation among
wetlands during the peak winter period.

Table2.  Pairwise comparison of species abundance between the wetlands. *Denotes significant
differences, level of significance at p < 0.05 (W1-Burnpur Riverside, W2-Chittaranjan
Wetland Complex, W3-Choti Raniganj, W4-Durgapur Barrage, W5-Gunjan Ecological Park,
W6-1ISCO Ash Pond, W7-Maithon Dam, W8-Mudir Bandh, W9-Nachan Dam, W10-Sukho
Bandh, W11-Vaska)

2. tdbldzat A kulonbozé vizes éléhelyek madarfajai abundancidjanak paronkénti 6sszehasonlitasa.
* jeloli a szignifikans kiilonbségeket p < 0.05 szinten (W1-Burnpur Riverside, W2-Chit-
taranjan Wetland Complex, W3-Choti Raniganj, W4-Durgapur Barrage, W5-Gunjan Eco-
logical Park, W6-1ISCO Ash Pond, W7-Maithon Dam, W8-Mudir Bandh, W9-Nachan Dam,
W10-Sukho Bandh, W11-Vaska)

w1
W2 0.43080 w2
W3 0.00002*  0.000090* w3
W4 041450 0.977500  0.000001* w4
W5 0.00040*  0.000030% 0.0864 0.00004* W5
Wé 0.00008*  0.000003* 0.8744 0.000004* 0.0611 weé
W7 0.00010*  0.000090* 0.0562 0.00001*  0.8454 0.0387* W7
w8 0.00002*  0.000008* 0.5187 0.000001* 0.0183* 0.6261 0.0106* W8
W9 0.000001* 0.000009* 0.2240 0.000001* 0.0034* 0.2901 0.0018* 0.5683 W9
W10 0.000001* 0.000001* 0.3658 0.000001* 0.0088* 0.4555 0.0049* 0.7956 0.7554 W10
W11 0.000004* 0.000002* 0.6072 0.000002*  0.0258* 0.7219 0.0154* 0.8956 0.4828 0.6963

Results

Species richness and abundance

A total of 78 species of waterbirds and wetland-associated birds were recorded across the
eleven study sites during the survey period. The family Anatidae accounted for the highest
species richness, with 15 species documented. Of the total species recorded, 41 were winter
migrants, while the remaining were resident or local migrant species. Notably, the Common
Pochard (Aythya ferina) is listed as Vulnerable on the IUCN Red List, while the Asian
Woolly-necked Stork (Ciconia episcopus) and Lesser Adjutant (Leptoptilos javanicus) are
classified as Near Threatened.

During the entire study period, the highest overall bird abundance was recorded at the
Durgapur Barrage (W4), followed by the Chittaranjan Wetland Complex (W2), Sukho Bandh
(W10), and the lowest at Nachan Dam (W9), Gunjan Ecological Park (WS5). The highest
abundance of waterbirds (3,252 individuals) was recorded in the Durgapur Barrage (W4) in
2022, followed by 2020 (2,949). In terms of species richness, the Burnpur Riverside (W1)
recorded the highest number of species (63), followed by W4 (60) and W2 (59). Conversely,
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Figure 2. Year-wise variation in species richness and abundance in the study sites
2.dbra A fajgazdagsag és a tomegesség évenkénti valtozasa a vizsgalt teriileteken

the lowest species richness was observed at W9 (13), W10 (15), and Mudir Bandh (W8)
(17). Year-wise variations in abundance and species richness across the study sites are
represented in Figure 2. Pairwise differences in species abundance among study sites are
represented in Table 2. Pairwise Tukey HSD tests revealed clear spatial heterogeneity in
species abundance among the eleven wetlands. Several sites, notably Choti Raniganj (W3),
Durgapur Barrage (W4), and Maithon Dam (W?7), differed significantly from multiple
others (p < 0.05), underscoring distinct community assemblages. The small p-values reflect
consistent between-site contrasts under standardized sampling conditions and thus, denote
consistent spatial patterns.

Diversity indices

The highest Simpson’s diversity index (Dy,,,) was recorded at W10 (0.834), followed by W8
(0.675). In contrast, the lowest D, values were observed at W5 (0.057) and W7 (0.093).
The evenness index (J') exhibited an inverse pattern, with W5 showing the highest evenness
(0.755), while W4 had the lowest (0.100). The highest Shannon diversity index (H') was
recorded at W1 (3.524), followed by W5 (3.216). W10 and W8 exhibited the lowest diversity,
with H' values of 0.440 and 0.762, respectively. Similarly, species richness measured by
Margalef’s index (D, ) was highest on the W1 (9.896) and lowest at W10 (2.189). The

marg.
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Chaol richness estimator also peaked at W1, indicating a higher estimated species richness.
Waterbird community attributes are tabulated in 7able 3.

The present study revealed that Whittaker’s index of beta-diversity on presence/absence
data (Bw) was the highest (0.73) between W6 and W10 (Table 4). The Pw was also
comparable between the W2 and W9 (0.69) and W4 and W9 (0.67), W7 and W9 (0.67), and

Table3.  Community attributes of waterbirds in different wetlands during the total study tenure
(W1-Burnpur Riverside, W2-Chittaranjan Wetland Complex, W3-Choti Raniganj, W4-
Durgapur Barrage, W5-Gunjan Ecological Park, W6-1ISCO Ash Pond, W7-Maithon Dam,
W8-Mudir Bandh, W9-Nachan Dam, W10-Sukho Bandh, W11-Vaska)

3.tdbldzat A kiilonbozo vizes éléhelyeken eléfordulé madarak kozosségi jellemzéi (W1-Burnpur Ri-
verside, W2-Chittaranjan Wetland Complex, W3-Choti Raniganj, W4-Durgapur Barrage,
W5-Gunjan Ecological Park, W6-IISCO Ash Pond, W7-Maithon Dam, W8-Mudir Bandh,
W9-Nachan Dam, W10-Sukho Bandh, W11-Vaska)

Sl. Community

. W1 W2 | W3 | W4 | W5 | We | W7 | W8 | W9 | W10 | W11
No. attributes

1 | Species richness 63 59 21 60 33 22 36 17 13 15 18

2 |Mean Abundance | 526 | 1604 | 143 | 2078 | 64 | 107 | 81 | 374 | 24 | 600 | 102
3 | Dgmp 0.046 | 0.390 | 0.422 | 0.313 | 0.057 | 0.385 | 0.093 | 0.675 | 0.191 | 0.834 | 0.301
4 |H 3.524 1 1.949 | 1.545| 1.790 | 3.216 | 1.511 | 2.907 | 0.762 | 2.147 | 0.440 | 1.635
5| 0.538{0.119 | 0.223 | 0.100 | 0.755 | 0.206 | 0.508 | 0.126 | 0.659 | 0.104 | 0.290
6 | Dy 9.896 | 7.859 | 4.03 | 7.723 | 7.694 | 4494 | 7.965 | 2.701 | 3.776 | 2.189 | 3.676
7 |Chao1 63.17| 59 [26.69| 605 [33.99| 22 |3699| 17 13 15 18

Table 4. Beta-diversity or species turnover of birds between study sites (W1-Burnpur Riverside,
W2-Chittaranjan Wetland Complex, W3-Choti Raniganj, W4-Durgapur Barrage, W5-
Gunjan Ecological Park, W6-1ISCO Ash Pond, W7-Maithon Dam, W8-Mudir Bandh, W9-
Nachan Dam, W10-Sukho Bandh, W11-Vaska)

4. tdbldzat A madarak béta diverzitasa vagy fajvaltozasa a kiilonb6z6 vizsgalati tertileteken (W1-Bur-
npur Riverside, W2-Chittaranjan Wetland Complex, W3-Choti Raniganj, W4-Durgapur
Barrage, W5-Gunjan Ecological Park, W6-1ISCO Ash Pond, W7-Maithon Dam, W8-Mudir
Bandh, W9-Nachan Dam, W10-Sukho Bandh, W11-Vaska)

W9 0.66 0.69 0.35 0.67 0.52 0.60 0.67 0.27 w9

W10 0.67 0.62 0.44 0.65 0.63 0.73 0.61 0.56 0.64 w1o
W11 0.60 0.56 0.38 0.59 0.41 0.45 0.63 0.26 0.42 0.45
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W1 and W10 (0.67). However, the lowest Bw was recorded between W1 and W4 (0.14) and
W1 and W2 (0.18) (Table 4).

Cluster analysis based on the abundance of waterbirds

Three distinct clusters were identified and depicted in Figure 3. The primary cluster consisted
of seven study sites with relatively similar linkage distances, indicating abundance similarity.
The secondary cluster included two sites characterized by larger and more variable linkage
distances. The tertiary cluster, comprising the W2 and W4, exhibited the highest linkage
distances, suggesting these sites are the most distinct from the others.
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Figure 3. Hierarchical cluster analysis of study sites based on species abundance and diversity using
the unweighted pair-group method (UPGMA) (W1-Burnpur Riverside, W2-Chittaranjan
Wetland Complex, W3-Choti Raniganj, W4-Durgapur Barrage, W5-Gunjan Ecological Park,
W6-IISCO Ash Pond, W7-Maithon Dam, W8-Mudir Bandh, W9-Nachan Dam, W10-Sukho
Bandh, W11-Vaska)

3.dbra A vizsgalt terlletek hierarchikus klaszteranalizise a fajok gyakorisaga és diverzitasa alapjan
a sulyozatlan parcsoportos médszerrel (UPGMA)

Abundant species and rare records

The Lesser Whistling-duck (Dendrocygna javanica) was the most abundant species across
most wetlands during the study period, followed by the Small Pratincole (Glareola lactea).
Three other anatid species — Red-crested Pochard (Netta rufina), Gadwall (Mareca strepera),
and Cotton Pygmy Goose (Nettapus coromandelianus) — were also commonly observed
across multiple sites. The Barn Swallow (Hirundo rustica) was another species frequently
recorded in high numbers.
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In contrast, five species were recorded only once during the entire study period, each
from a single site. A lone male Falcated Duck (Mareca falcata) was observed at the W2
in 2022, followed by two Northern Shovelers at the same site in 2024. A female Common
Merganser (Mergus merganser) was recorded in 2025 from the W1. The W4 yielded some
notable records, including Pallas’s Gull (Ichthyaetus ichthyaetus) (2022), Black-headed
Gull (Chroicocephalus ridibundus) (2024), and River Tern (Sterna aurantia) (2022), all of
which were exclusive to this site.

Discussion

Birds migrating to the Indian subcontinent primarily follow two major migratory routes:
the East Asian—Australasian Flyway (EAAF) and the Central Asian Flyway (CAF) (Li et
al. 2009, Dhanjal-Adams et al. 2017, CAF National Action Plan — India 2018). The EAAF
connects breeding grounds in northeast Asia to wintering sites across Southeast Asia and
Australia (Li ef al. 2019), while the CAF extends from the northernmost breeding areas
in Russia to wintering grounds across West and South Asia, the Maldives, and the British
Indian Ocean Territory (CAF National Action Plan — India 2018).

This study presents a comprehensive, six-year assessment (2020-2025) of waterbird
diversity across eleven wetlands in Paschim Bardhaman, West Bengal, an ecologically
transitional landscape influenced by extensive mining activity. The results reveal
marked spatial variation in species richness, abundance, and diversity indices, shaped by
differences in hydrological regimes, habitat structure, and anthropogenic pressures. These
findings highlight the value of long-term, site-specific monitoring for understanding
waterbird dynamics and informing conservation strategies along critical sections of the
EAAF and CAF.

The W4 consistently supported the highest waterbird abundance, likely due to its
expansive surface area, reliable water availability, and diverse microhabitats, including
rock beds, mudflats, sand dunes, aquatic vegetation, and adjacent agricultural fields.
Similarly, W1 and the W2 complex recorded high species richness, suggesting that these
sites offer a combination of structural habitat diversity and optimal ecological resources
that support both generalist and specialist species. Notably, Lesser Whistling-ducks
were abundant in both W2 and W4 wetlands. W1 also harbored a steady population of
Lesser Whistling-ducks. This locally migratory species was present across nearly all
study sites, although its abundance varied. High densities of Lesser Whistling-ducks in
the wetlands of southern West Bengal have also been reported by Nandi et al. (2004),
indicating consistent regional preferences. However, despite their current importance,
species richness in W1, W2, and W4 has shown a gradual decline over the study period.
This trend may be attributed to increasing anthropogenic pressures and land use and land
cover (LULC) changes in surrounding areas (Hati ef a/. 2025). In contrast, wetlands such
as W9, W10, and W8 consistently exhibited low species richness and abundance, likely
due to limited habitat complexity, higher human disturbance, and reduced water retention
during the peak wintering season.
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Beta-diversity — the variation in species composition among sites within a region —
is particularly important for understanding ecological patterns in regional biodiversity
(Zmihorski et al. 2016). Beta-diversity analyses revealed high dissimilarity in species
composition between several wetland pairs, particularly between W6 and W10, as well
as in multiple comparisons involving W9. Notably, the complete absence of Lesser
Whistling-ducks at W6 contrasted sharply with their dominance at W10. Similarly, W9,
being the least species-rich site, exhibited high beta-diversity when compared with other
species-rich wetlands. These findings highlight the marked heterogeneity of waterbird
communities across the study area and underscore the ecological distinctiveness of certain
sites (Mukherjee ef al. 2022). Importantly, this reinforces the need for conservation
strategies that extend beyond high-diversity wetlands to also include habitats supporting
unique or isolated species assemblages, regardless of overall species richness.

Low Pw values observed between W1, W4, and W2 indicate high similarity in species
composition across these sites. This similarity is likely attributable to shared habitat
features and hydrological connectivity. Notably, both W1 and W4 are situated along the
Damodar River, which may facilitate the movement and distribution of similar waterbird
assemblages. Additionally, these wetlands may function as critical nodes within the
regional flyway network, providing essential stopover or wintering habitats (Mukherjee
et al. 2021). Given their ecological importance and connectivity, these sites warrant
high conservation priority to ensure the long-term persistence of migratory and resident
waterbird populations in the region.

Clusters generated using the UPGMA reinforced observed patterns in species distribution
and abundance. The W2 and W4 formed a distant tertiary cluster, primarily driven by the
exceptionally high abundance of Lesser Whistling-duck at both sites. Similarly, W8 and
W10 were grouped into a secondary cluster, likely due to the shared dominance of Lesser
Whistling-duck and Red-crested Pochard.

Rare species sightings, including the Falcated Duck, Northern Shoveler (Spatula
clypeata), and Common Merganser, as well as regionally notable records from W4 (e.g.
Pallas’s Gull, Black-headed Gull, River Tern), emphasize the strategic importance of
these wetlands along the EAAF and CAF. Such records highlight the need for heightened
monitoring and site-specific protection, especially for wetlands supporting rare or vagrant
species (Mukherjee et al. 2023).

The findings emphasize that even within a relatively small geographic area, avian
community attributes varied significantly. Sites such as W1, W4, and W2 are critical
for sustaining high avifaunal diversity and should be prioritized for conservation.
Simultaneously, low-diversity sites like W9 and W10 should not be overlooked, as they
may serve specific ecological roles or offer restoration potential.

Given the rapid pace of urbanization, industrial expansion, and hydrological alterations
in Paschim Bardhaman, it is imperative to adopt a landscape-scale conservation strategy
(Hati et al. 2025). Protecting a mosaic of wetland types will ensure the long-term viability
of waterbird populations and the ecological services they support.
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Conclusion

This assessment of waterbird diversity across eleven wetlands in Paschim Bardhaman
reveals complex ecological dynamics shaped by habitat heterogeneity, anthropogenic
influences, and hydrological conditions. The study highlights the critical conservation value
of key sites such as W4, W1, and W2, which consistently supported high species richness
and abundance, including both generalist and specialist taxa. However, the marked variation
in beta-diversity, particularly involving species-poor sites like W9 and W6, underscores the
broader ecological significance of even seemingly marginal habitats. The presence of rare
and regionally important species further amplifies the strategic importance of these wetlands
within major migratory flyways.

Collectively, the findings advocate for a nuanced, landscape-scale conservation approach
that balances the protection of biodiversity hotspots with the management and restoration of
less diverse but ecologically distinctive wetlands. Long-term, site-specific monitoring and
integrated land-use planning will be essential to mitigate the adverse impacts of urbanization
and industrialization, ensuring the resilience of avian communities and the ecosystem
services they underpin in this rapidly transforming region.
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