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ABSTRACT

Kumbharwada wetland, an Important Bird Area (IBA) component in Bhavna-
gar, Gujarat, India, is a crucial wintering ground for migratory birds. Long-
term monitoring of the avian community over a period of long time-frame is
an excellent way to examine the health of this IBA site and thus provide an
important ground to foster the conservation of birds in the region and man-
agement of this wetland. Given this consideration, field surveys were carried
out from December 2020 to May 2023, following point count method to study
the avian species richness in the study area. A total of 204 bird species belong-
ing to 20 orders and 56 families are recorded, of which 85 species are migrato-
ry and 119 are resident. Anatidae is the most species-rich avian family (16 spe-
cies). Highest number of species was recorded in the month of January (165
species in 2021 and 163 species in 2022). This wetland supports 107 (52.45%)
wetland-associated species and 97 (47.55%) terrestrial species of birds. Twelve
species are considered as Near Threatened, four species as Vulnerable and one
species (Aquila nipalensis) as Endangered in IUCN Red List of Threatened Spe-
cies. Four species (Sterna aurantia, Mycteria leucocephala, Phoeniconaias minor,
and Threskiornis melanocephalus) with globally declining trend, are commonly
seen in the study area, which shows that the wetland is a crucial habitat for
bird species with high conservation priorities. Industrialization, encroachment,
discharge of sewage water and chemical effluents, high-tension powerlines,
stray dogs, and expansion of exotic vegetation remained the major threats to
the habitat and avian community.

Copyright: © 2024, J. Tropical Biodiversity Biotechnology (CC BY-SA 4.0)

INTRODUCTION

Wetlands are highly productive and dynamic ecosystems that play a cru-
cial role in our natural environment (Ghermandi et al. 2010; Hu et al.
2017). Wetlands are referred to as land transitional between the terres-
trial and aquatic habitats (Mitsch & Gosselink 2000). Wetlands are criti-
cal habitat for avian diversity. Out of 1353 bird species with 38 endemic
species recorded from India (Praveen & Jayapal 2023), 810 species are
found to be wetland birds (Kumar et al. 2005). Birds are widely consid-
ered as an important taxon for wetlands. Their presence and activities
have profound positive impacts on the health of these ecosystems. They
play a vital role in maintenance of aquatic biodiversity, insect pest con-
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trol, nutrient cycling as well as ecosystem functioning (Green & Elmberg
2014; Kumar et al. 2016). Furthermore, birds show a high sensitivity to
the structural changes in their habitats, making them an important bio-
indicators for examining the quality, productivity, and stability of wet-
land habitats (Morrison 1986; Bhat et al. 2009).

Being located along the Central Asian Flyway, wetlands of India
are crucial wintering grounds for migratory birds (Kumar et al. 2016).
The semi-arid parts of the western India have biodiverse wetland habi-
tats. Approximately 17.56% geographical area of the Gujarat is com-
prised of wetlands (SAC 2010) with 4 Ramsar sites (Gujarat Ecology
Commission 2022) and 19 Important Bird Areas (IBA) (Rahmani et al.
2016). The Kumbharwada wetland is part of one such IBA (Salt pans of
Bhavnagar, Site code: IN093) situated in the Bhavnagar city of the Guja-
rat. It is currently taken over by extensive network of salt pans which
have created an important habitat for waterbirds and are now being uti-
lized by various avian species as a wintering ground (Rahmani et al.
2016), which  were once occupied by a few waterfowl
(Dharmakumarsinhji 1973). Formerly, some studies have been conducted
in the Bhavnagar region pertaining to avian diversity (Dodia & Chavda
2012; Makwana & Dodia 2022; Khatsuriya et al. 2023). Particularly, 71
species of birds have been recorded (Parekh & Gadhvi 2013) from the
Rumbharwada wetland and 161 species from the Saltpans of Bhavnagar
(Rahmani et al. 2016). However, Kumbharwada wetland is facing increas-
ing threats of industrialization, encroachment due to urbanization, pollu-
tion of water attributed to discharge of untreated domestic sewage and
chemical effluents and a network of high-tension powerlines. These an-
thropogenic activities not only deteriorate the water quality but also ex-
ert severe consequences on avian populations, leading to alterations in
the structure and composition of the avian community and a decline in
their abundance (Reginald et al. 2007; Kumar & Sharma 2019).

The species richness and abundance of wetland birds have been
found to be affected by several wetland features such as topography, size,
water depth, water quality, availability of food, suitable roosting and
nesting sites, as well as the presence of predators and inter-species com-
petitors (Mukherjee et al. 2002; Ma et al. 2010). Therefore, the monitor-
ing of bird assemblages holds substantial importance in evaluating the
integrity and functions of wetland ecosystems and plays a crucial role in
designing appropriate conservation and management implications to en-
sure sustainable biodiversity conservation (Lee et al. 2004; Sundar & Kit-
tur 2013). Obtaining information on the composition and abundance of
avian communities is essential for understanding the importance of re-
gional or local landscapes in conservation of avian diversity (Kattan &
Franco 2004; Bibi & Ali 2013). Despite being a heaven for birds, the in-
formation about the status of avian assemblages in this wetland is still
limited and sporadic. The primary objective of the present study lies in
assessing the species diversity, with a particular focus on threats associat-
ed with the habitat as well as globally threatened bird species within the
study area. This region holds utmost significance as one of the key Im-
portant Bird Areas (IBAs) in Gujarat.

MATERIALS AND METHODS

Study area

The present study was conducted in Bhavnagar, Gujarat, India, where
the Kumbharwada wetland (21°46'54.84"N, 72° 6'10.34"E) is located on
the northern-western outskirts of the city (Figure 1). It is a component of
Important Bird Area (IBA) site IN093 comprising variety of habitats for
birds including marshland with hydrophytic vegetation, open waters,
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Figure 1. Map of study area in Kumbharwada wetland, Bhavnagar, Gujarat, India.

grassy patches, muddy areas, dry saline parts, thorny vegetation, and
network of saltpans. Hydrophytic vegetation includes submerged
(Hydrilla sp., Potamogeton sp.) and emergent macrophytes (Typha sp.,
Fimbrystylis sp.). Thorny vegetation is dominated by Prosopis juliflora,
some sparsely distributed species like Salvadora sp. and Zizyphus sp. are
also found at the study area. Some other important plant species include
Suaeda sp., Sporobolus sp., Chloris sp. The map of the study area was pre-
pared with the help of QGIS (version 2.18.14) open-source software.

Data Collection

The point count method was used to detect the bird species present in
the study area for a fixed duration of time as it is suitable for the species-
rich habitat with higher population density (Sutherland et al. 2005). The
study area was divided into ten survey points, which were at minimum of
300 m apart from each other (Figure 1). Surveys were carried out twice a
month between December 2020 to May 2023 comprising 60 observations
during the study period. All these points were surveyed to record the
species richness and assemblage of birds in the study area between 6:00
to 10:00 AM and 03:30 to 07:30 PM. Birds were observed unaidedly or
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with a binocular (Nikon ACULON A211 10x50), a spotting scope (Nikon
20-60 x 80) and Nikon B700 point-and-shoot camera. Identification as
well as the residential status (Resident or Migratory) and habitat use
(Wetland associated or Terrestrial) were done using the field guide and
available scientific resources (del Hoyo et al. 20145 Grimmett et al. 2016;
Birds of the World 2022). Taxonomic classification and Names of the
birds were followed from Praveen & Jayapal (2023).

Data Analysis

The occurrence of the species was studied and classified them into four
categories namely Common (C-species recorded in 80-100% of field vis-
its), Uncommon (U-species recorded in 50-79.9% of field visits), Occa-
sional (O-species recorded in 20-49.9% of field visits) and Rare (R-species
recorded in <19.9 % of field visits) following Mazumdar (2019). The
ITUCN status of birds and its global population trend was also noted to
compare with the regional and local status (IUCN 2023). During the sur-
veys, information related to the threats associated with birds and habitat
along with conservation management was noted by direct observations.
Threats are defined as the factors causing adverse impacts on the avian
species richness and the overall wetland habitat identified from similar
previous studies (Kumbhar & Mhaske 2023). Study period was divided
into four seasons in a year viz. Winter (Dec-Feb), Summer (Mar-May),
Monsoon (Jun-Aug), and Post monsoon (Sep-Nov) and the species rich-
ness data corresponding to these seasons were also recorded. Year-1 rep-
resents December 2020 to November 2021 and Year-2 represents De-
cember 2021 to November 2022. Results comprising a comprehensive
analysis based on two years of data (December 2020 to November 2022)
for consistency, with a final checklist compiled from 30 Months of study
period starting from December 2020 to May 2023. Charts and Graphs
were prepared using the MS Excel 2019.

RESULTS & DISCUSSION

Species Richness

The present study recorded 204 species of birds belonging to 20 orders
and 56 families from the Kumbharwada wetland, Bhavnagar (Table 1/
Appendix 1). During this study, highest number of species belonged to
order Passeriformes (63 species), followed by Charadriiformes (43 spe-
cies), Pelecaniformes (17 species), Anseriformes (16 species), Accipitri-
formes (13 species), and others. Almost three-fourth (74.5%) of the spe-
cies recorded during the study belonged to these five orders. Out of
which three orders (viz. Charadriiformes, Pelecaniformes and Anser-
iformes) comprise the wetland-associated species. Family Anatidae was
the most diverse avian family comprising 16 species. There were 17 fami-
lies found to have only single species in the study area (Appendix 1).

Habitat utilization, Migratory status and Seasonal variation in avian
assemblage

Highest number of species was reported during January (165 species in
2021, 163 species in 2022) and least during May (68 species in 2021, 65
species in 2022) as shown in Figure 2. Out of the total species recorded
during the study period, 85 species (41.67%) were migratory and 119
species (58.33%) were resident (Figure 8a). Migratory birds utilize this
habitat as their wintering ground. During winter season, number of mi-
gratory species recorded was 76 in year-1 and 75 species in year-2. The
birds start departing for return migration from Kumbharwada wetland
during the last week of March. The migratory species of birds varied in
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Table 1. Status of avifauna recorded at Kumbharwada wetland, India.

Residential
Order Family  Genus Species _Status Oceurrence TUCN Status
Re M C U O R EN VU NT LC

Anseriformes 1 9 16 4 12 3 11 0 2 0 1 0 15
Galliformes 1 3 4 3 1 1 o 2 1 0 0 0 4
Phoenicopteriformes 1 2 2 2 0 2 0 o0 0 o0 0 1 1
Podicipediformes 1 2 2 1 1 1 0 0 1 0 0 0 2
Columbiformes 1 3 5 5 0 3 0 1 1 0 0 0 5
Cuculiformes 1 4 4 3 1 2 1 1 0 0 0 0 4
Caprimulgiformes 2 2 2 2 0 1 1 0 o0 o0 0 0 2
Gruiformes 2 7 9 5 4 4 1 2 2 0 0 0 9
Charadriiformes 9 26 43 15 28 12 8 12 11 O 1 4 38
Ciconiiformes 1 2 2 2 0 1 0 1 0 0 0 1 1
Suliformes 2 3 4 4 (0} (0} 2 2 (0] (6} (6} 1 3
Pelecaniformes 3 12 17 15 2 9 5 1 2 0 0 2 15
Accipitriformes 2 10 13 5 8 o 3 9 1 1 2 1 9
Strigiformes 2 2 2 2 0 1 o o0 1 o0 0 0 2
Coraciiformes 3 5 8 6 2 3 1 1 3 0 0 0 8
Piciformes 2 2 2 1 1 0 1 0 1 0 0 0 2
Falconiformes 1 1 3 1 2 0 0 3 0 0 0 1 2
Psittaciformes 1 1 2 2 0 1 0 1 0 0 0 1 1
Passeriformes 19 38 63 41 22 16 20 16 11 O 0 0 63
Bucerotiformes 1 1 1 0 1 0 0 1 0 0 0 0 1
Total 20 56 135 204 119 85 60 54 58 387 1 4 12 187

Note: Re-Residential, M-Migratory; C-Common, U-Uncommon, O-Occasional, R-Rare
IUCN-International Union for Conservation of Nature and Natural Resources,
EN-Endangered, VU-Vulnerable, NT-Near Threatened, LC-Least Concern

different seasons and their richness shown an increase from post-
monsoon, reaching its peak in winter, and subsequently declined in sum-
mer and was lowest in monsoon seasons (Figure 5). The species richness
of the resident birds, exhibited no discernible seasonal fluctuation and
remained similar over the course of the study period (Figure 5).
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Figure 2. Species Richness of avifauna at Kumbharwada wetland, India.

Kumbharwada wetland is one of the most productive wetlands of
Bhavnagar city (Parekh & Gadhvi 2013). More than half (52.45%) of the
bird species found in Kumbharwada are wetland-associated, which sur-
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vive in the marshland, open water, and saltpans of this wetland habitat.
Besides, 47.55% of terrestrial avian species reside in the bushes, thorny
scrubland dominated by Prosopis juliflora, some of the trees and dry saline
parts. Anatidae and Scolopacidae are two of the most diverse families in
Kumbharwada wetland similar to other studies in wetland habitats
(Parekh & Gadhvi 2013; Mazumdar 2019; Makwana & Dodia 2022;
Khatsuriya et al. 2023) and IBAs (Changder et. al. 2015; Rai et. al. 2017;
Mahanta et. al. 2019). Wetland birds like geese, ducks, swans, and some
resident aquatic avifauna rely on wetland plants for food, consuming var-
lous plant materials like roots, shoots, foliage, fruits, and seeds of tloat-
ing, submerged or emergent vegetation (Ali & Ripley 1987; Rahmani &
[slam 2008). In Rumbharwada wetland, variety of different habitats with-
in the wetland area is probably one of the important factors responsible
tor high species richness of birds.

107 species,
85 species,
58.33%

52.45%

® Resident = Migratory ® Wetland Associated Terrestrial
3(a) 3(b)

Figure 3. Proportion of (a) Resident and Migratory, (b) Wetland-associated
and Terrestrial avifauna at Kumbharwada wetland, India.

Out of 204 species, 107 species (52.45%) were wetland-associated
and 97 species (47.55%) were terrestrial (Figure 8b). Seasonal variation
in wetland-associated species was clearly depicted (Figure 4). The high-
est count was recorded during the winter seasons, mainly attributed to
the arrival of migratory waders and waterfowls. The numbers gradually
increased from the post-monsoon season, reaching their peak during win-
ter, and then declined during the summer, reaching their lowest during
the monsoon seasons.

Rumbharwada wetland is crucial wintering ground for the migrato-
ry birds. In winter season, waterfowls and waders are distributed
throughout the habitat as water was available in most of the parts. Win-
ter visitors start appearing in mid-September, subsequently increasing in
October, reaching to its peak in January, then steadily decrease and de-
part from the wetland by early April. Therefore, with the onset of the
winter season, many migratory waterfowls and waders arrive at the
Kumbharwada wetland, which in result shows significant seasonal varia-
tion in species richness of wetland-associated species. Many parts of the
Kumbharwada wetland had dried up in the summer seasons and the
availability of water become scarce and patchy, resulting in clumped dis-
persal of the birds (Figure 4). In June, all other migratory birds leave the
Kumbharwada wetland except four species in year-1 and five species dur-
Ing year-2.

Apart from the migratory avifauna, Kumbharwada wetland serves
as a crucial habitat for the resident aquatic as well as terrestrial species.
Seasonal variation in species richness of resident terrestrial and wetland-
associated avifauna did not show any significant variation, which indi-
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cates that these species are dependent on this habitat throughout the year
to survive. The species richness of any wetland habitat depends on the
water quality and surrounding vegetation for the survival of any species
(Buckton 2007). Therefore, appropriate management of water availability
and quality is very critical for the protection and conservation of the avi-
an community inhabiting this wetland.

120 ~
100 A
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60 A

No. of Species

40 A

20 A

Winter Summer Monsoon Post Monsoon

—®- Wetland Associated (Year 1) —@— Wetland Associated (Year 2)

= «a==Terrestrial (Year 1) ——a=Terrestrial (Year 2)

Figure 4. Seasonal occurrence of wetland-associated and terrestrial avifuauna at
Kumbharwada wetland, India.
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Figure 5. Seasonal Species Richness of Resident and Migratory avifauna at
Kumbharwada wetland, India.

Conservation Status

Occurrence of birds showed that 60 species were common (29.41%), 54
species were uncommon (26.47%), 53 species were occasional (25.98%)
and 37 species were rare (18.14%) at Kumbharwada wetland (Appendix
1). Among the bird species recorded during the study period, Common
Pochard (Aythya ferina), River Tern (Sterna aurantia), Greater spotted Ea-
gle (Clanga clanga), and Eastern Imperial Eagle (Aquila heliaca) are vul-
nerable under category of the IUCN Red List of Threatened Species. Ad-
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ditionally, Steppe Eagle (Aquila nipalensis), falls under the Endangered
category, while 12 species fall under the Near Threatened category (viz.
Lesser Flamingo Phoeniconaias minor, Great Thick-knee Esacus recurviros-
tris, Eurasian Curlew Numenius arquata, Black-tailed Godwit Limosa limo-
sa, Curlew Sandpiper Calidris ferruginea, Painted Stork Mycteria leucoceph-
ala, Oriental Darter Anhinga melanogaster, Dalmatian Pelican Pelecanus
crispus, Black-headed Ibis Threskiornis melanocephalus, Pallid Harrier Circus
macrourus, Red-necked Falcon Falco chicquera and Alexandrine Parakeet
Prsittacula eupatria) (IUCN 2023). When comparing the occurence of these
avian species with its global population trend, a noteworthy finding
emerged that certain species with the declining population trend global-
ly, were frequently encountered during the study period at Kumbharwa-
da wetland (Figure 6). The study area holds multiple species having been
globally threatened, which serve as one of the qualifying criteions (A1) as
Important Bird Area (IBA).

25 i
22

20 A

15 &

No. of Species

10 A

0 > ¥ ?
Global Population Trend

® Common ™ Uncommon Occasional ™ Rare

Figure 6. Comparision of occurrence of avifauna at Kumbharwada wetland with
its global population trend 1 Increasing, — Stable, | Decreasing, ? Unknown

As per the State of India’s Birds (SolB 2020), 7 species (viz. Cotton
Pygmy Goose Nettapus coromandelianus, Common Greenshank Tringa
nebularia, Gull-billed Tern Gelochelidon nilotica, Pacific Golden Plover
Pluvialis fulva, Short-toed Snake Eagle Circaetus gallicus, Red-necked Fal-
con Falco chicquera, and Steppe Eagle Aquila nipalensis) found during the
study period are under the High Conservation Concern category for the
country and 4 species recorded (viz. Gull-billed Tern Gelochelidon nilotica,
Eastern Imperial Eagle Aquila heliaca, Greater-spotted Eagle Clanga
clanga, and Common Pochard Aythya ferina) are listed as a key species for
the Gujarat state. Many globally threatened species such as Lesser Fla-
mingo Phoeniconaias minor, Black-headed Ibis Threskiornis melanocephalus,
River Tern Sterna aurantia, Painted Stork Mycteria leucocephala with de-
clining population trend are commonly found at Kumbharwada wetland,
which indicate that the favourable resources were available for these spe-
cies during the study period.

Two vagrant species (viz. Greater White-fronted Goose Anser albif-
rons, and Long-billed Dowitcher Limnodromus scolopaceus) were observed
during the study period, which were very rare for the region. Grazing
species such as Ruddy Shelduck Tadorna ferruginea, Bar-headed Goose
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Anser indicus, and Greylag Goose Anser anser were found in high numbers
during the study period indicating the availability of favourable resources
during their wintering period at the Kumbharwada wetland. The study
area serves as a critical foraging habitat for Greater Flamingo Phoenicop-
terus roseus and Lesser Flamingo Phoeniconaias minor throughout the year
and they are found in large numbers (Tere & Parasharya 2011). There-
fore, from the conservation perspective of such globally threatened spe-
cies, it is required to prioritise the regular monitoring and long-term
population studies of these species along with other threatened taxa in-
habiting the Kumbharwada wetland. The study area holds multiple spe-
cies which are globally threatened and serve the qualifying criterion as an
Important Bird Area (IBA).

Threats

During the study period, it has been observed that the habitat is facing
many threats (Figure 7). Anthropogenic pressure leads to the deteriora-
tion of water quality. Many parts of the wetland have been facing en-
croachment issue and remaining areas are also under severe threats such
as pollution and habitat degradation. The growth and expansion of inva-
sive P. juliflora in the habitat is also a concerning factor due to its adverse
effects on the native vegetation. Untreated water, solid waste and chemi-
cal eftfluents are discharged in the wetland area which is one of the major
factors contributing to the water pollution in this wetland. Extensive
network of saltpans may alter the water quality and salinity levels. Pol-
luted water can be toxic to birds, affecting their health and potentially
leading to reduced reproductive capacities and survival rates (Richard et
al. 2021; Makwana et al. 2023). The presence of polluted water and ex-
cessive growth of exotic vegetation can adversely impact the bird com-

/

| L0 O

Figure 7. Different types of threats to the avifauna and the Kumbharwada wetland.
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munity of this Important Bird Area site. The high-voltage power lines
passing over the wetland area is a severe threat to the large-sized birds
residing in the habitat. The frequent cases of collision and mortality of
birds especially both the species of flamingos have been reported during
the study period and documented previously as well (Gadhvi 2011; Tere
& Parasharya 2011; Parekh & Gadhvi 2013). Free-ranging dogs and cat-
tle are also a significant factor for disturbance to the residential as well as
migratory species residing in this wetland. Therefore, it is very im-
portant to mitigate the impacts of these anthropogenic threats and to
maintain the healthy ecosystem in the region.

CONCLUSION

The present study recorded 204 species of birds belonging to 20 orders
and 56 families from the Kumbharwada wetland, which is approximately
one-third (83.33%) avian diversity of the entire Gujarat state. High spe-
cies richness of avifauna at Kumbharwada wetland warrants for long-
term population studies to understand the possible impacts of threats.
Apart from that, more detailed research on the resource utilization by
birds in Kumbharwada wetland are necessary to understand the signifi-
cance of this Important Bird Area site. Maintaining the ecological integ-
rity and conserving avian diversity at the Kumbharwada requires reduc-
tion in contamination of water, controlling invasive plants and weeds,
preventing habitat destruction, minimizing bird-powerline collisions, and
managing proper water levels. These crucial measures will ensure a
healthy ecosystem for various bird species and sustain the overall biodi-
versity of the area. Local awareness and community participation can also
play a vital role in conservation of this habitat. These combinations of
efforts are imperative to foster the overall biodiversity of the entire re-
gion.
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