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Abstract Many unprotected wetlands lack biodiversity
assessments, even though they have immense potential to
support multiple taxa. Hence, towards closing this research
gap, we conducted a comprehensive seasonal avifaunal
diversity assessment at Perungulam, Thoothukudi district
of Tamil Nadu, India, from July 2023 to June 2024. The
aim was to document avifauna, seasonal composition,
abundance, and potential threats. Community structure and
seasonal bird assemblages were analyzed using alpha and
beta diversity indices, indicator species analysis, and non-
metric multidimensional scaling (NMDS). A total of 147
bird species (22 orders and 60 families) were recorded.
Passeriformes was the most abundant order with the
highest number of families (n=23) and species (n=40),
followed by Charadriiformes (9 families and 28 species)
and Pelecaniformes (4 families and 16 species).
Scolopacidae family recorded the greatest number of
species (n=13), then Ardeidae (n=11) and Anatidae (n=10).
Resident species constituted the largest proportion (n=100),
followed by winter visitors (n=35). Majority of species
were Least Concern (n=140), with seven species: Indian
Roller Coracias benghalensis, Spot-billed Pelican
Pelecanus philippensis, Bar-tailed Godwit Limosa
lapponica, Black-tailed Godwit Limosa limosa, and Asian
Woollyneck Ciconia episcopus (Near Threatened),
Egyptian Vulture Neophron percnopterus (Endangered),
and Curlew Sandpiper Calidris ferruginea (Vulnerable),

falling under the threatened category. Most species were
enlisted under the Indian Wildlife Protection Act (WPA)
Schedule 11 (n=132), and Schedule 1 (n=14). The highest
overall species richness was in Wetland (n=88), followed
by Open Scrub (n=56), Grassland (n=40) and Trees (n=21).
Seasonal beta diversity showed moderate species turnover
(22-39%), driven mainly by species replacement rather
than nestedness. This pivotal study, which documented
potential threats, highlighted the urgent need for habitat
protection and provided data for any future management
plan for wildlife managers to use to strengthen
conservation measures.

Keywords  Avifaunal Diversity, Bird Migration,
Ramsar Site, Threatened Species, Waterbirds, Wetlands

1. Introduction

Wetlands are among the most productive and vital
ecosystems, delivering indispensable services such as
groundwater recharge, purification of water, mitigation of
floods, and regulating the climate that sustain both human
communities and biodiversity [1, 2]. Globally, despite their
ecological and socioeconomic value, wetland areas have
degraded by 87% over the last three centuries [3, 4], and
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India is no exception [5]. This global decline is reflected in
biodiversity metrics, with approximately 55% of wetland-
dependent bird species in decline [6, 7] due to several
anthropogenic pressures that impact the hydrology,
economy, and ecology of these ecosystems and their
associated dependents [8, 9], including avifauna [10].
Hence, assessments of birds in wetlands help us to assess
the health of the wetland itself.

Birds are one of the most extensively documented large
taxonomic groups, providing a level of understanding of
how anthropogenic activities have impacted their
conservation status and distribution. The State of the
World’s Birds report highlights that human actions and the
climate crisis are causing a decline in 49% of bird species,
with one in eight at risk of extinction [11]. Waterbirds are
recognized as vital ecological indicators, and their presence,
diversity, and population trends offer insightful reflections
of wetland health, water quality, and the overall
conservation status of these habitats [12], which also
perform key ecosystem functions such as pollination, seed
dispersal [13], and nutrient cycling, thereby maintaining
ecological balance [14]. Hence, systematic and periodic
avian surveys are not mere inventories, and the generation
of robust baseline avifaunal data for any wetland is,
therefore, the critical first step toward formulating science-
based management and effective long-term conservation
strategies [15].

India’s rich avian biodiversity faces significant threats.
Between 2000 and 2018, forest specialist birds declined by
62 %, while grassland and shrub specialists declined by
59 %, and wetland birds by 47 % [11]. In Tamil Nadu, 35%
of the wetland areas comprise lakes and ponds, ranging
from large perennial lakes to small seasonal tanks, which
are integral to the region’s ecology and agrarian economy
[16]. However, ornithological research, particularly
focused on wetlands, has been limited, as certain well-
known sites have received attention; vast areas remain
poorly documented, creating significant gaps in the
ecological understanding necessary  for  holistic
conservation planning. This is notably true for the
Thoothukudi district in the southeast coast region of Tamil
Nadu [17]. Recent studies have highlighted the
ornithological significance of previously neglected
community tanks in this region, underscoring their role as
refuges for avifauna and emphasizing the urgent need for
systematic documentation [18, 19].

Perungulam in Thoothukudi district is one such rain-fed
waterbody that sustains local agriculture and biodiversity
but faces mounting anthropogenic pressures, including
unregulated water extraction for irrigation and
contamination from sewage inflow. This is the first
document on birds from this wetland. The absence of
avifauna data represents a critical knowledge deficit, as
understanding seasonal variations in species composition,
abundance, and residency status is essential for assessing
the wetland’s ecological health, its importance for resident
and migratory birds, and the specific threats it faces.

Therefore, this study is designed to address this salient gap
by conducting a pivotal avifaunal documentation of the
Perungulam wetland. The objectives include (1)
establishing a comprehensive checklist of avian species
documented from the wetland, (2) assessing the seasonal
composition and abundance of these species, (3)
categorising their residential status (resident, migratory, or
visitor), and (4) identifying avifaunal species of
conservation concern along with potential conservation
issues. The findings will not only contribute to the
ornithological database of Tamil Nadu’s lesser-known
wetlands but also offer insights for local conservation
planning, highlighting the role of smaller water bodies in
supporting the avian diversity, including threatened
waterbird populations, amidst growing environmental
challenges.

2. Methodology

2.1. Study Area

Perungulam wetland (8°38.74824' N, 77<°59.4528" E),
with an estimated area of approximately 860 acres, is
located in the Thoothukudi district in Tamil Nadu, India.
The Sivagalai tank inlet is located near Perur and the Sree
Vaigundan area that joins the Perungulam tank. The red
sand area near the elevated regions feeds these tanks during
the rainy season. One side is a major state highway, and the
edges of the lake are open to the village area, which is a
source of sewage mixing with water, while the larger area
is adjacent to agricultural fields. The village community
does fishing, and the wetland is the major water source for
daily usage. This wetland is mostly rainfed, where the
monsoon fills up the lake, which subsequently dries in
summer and is covered with more grass in many areas of
the wetland. The study area comprises four major habitats:
Wetland area (WL), Grasslands (GL), Open scrub habitats
with bushes and sparse vegetation (OS), and Tree species
like Palmyra Borassus flabellifer, Neem Azadirachta
indica, Tamarind Tamarindus indica, Banana Musa spp.,
Coconut Cocos nucifera, etc., surrounding the lake (TR).
The region receives most of the rain from the north-east
monsoon (October to December), while a small proportion
comes from the south-west monsoon (June to August).
Average annual rainfall varies between 570 and 740 mm
[20].

2.2. Bird Monitoring Methods

This study was conducted between July 2023 and June
2024. Fortnightly field visits were conducted to observe the
diversity and presence or absence status of avifauna.
Depending on the season, the field surveys were carried out
in the morning (07.00 — 10.00 hrs) and evening (16.00 —
19.00 hrs). Data were collected using the direct count and
block count methods [21]. To ensure the coverage of the
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entire wetland, birds were counted at nine vantage points
separated by 200 - 500 meters (Figure 1), depending on the
landscape and visibility of the birds. In order to avoid
disturbing or displacing the birds, we stopped at each
vantage point for five minutes before the actual count
began. Birds were observed using Nikon binoculars
(10x50), spotting scopes and photographed. The
unidentified or doubtful birds in the field were later
identified with the help of a field guide [22].

2.3. Data Analysis

Species residential status was determined as Resident
(R), Passage Migrant (PM), Summer Visitor (SV), Local
Migrant (LM), or Winter Visitor (WV) depending on the
temporal patterns and duration of occurrence [22].
Conservation status of each species was categorized
according to the IUCN Red List [23], as Least Concern
(LC), Near Threatened (NT), Vulnerable (VU), and
Endangered (EN). The national protection status of each
species was determined based on the Indian Wildlife
Protection Act (WPA), 1972.

For the temporal analysis, the following seasons were
considered: Pre-monsoon (July to September), Monsoon
(October to December), Post-monsoon (January to March),
and Summer (April to June). Overall differences in species
composition between seasons were quantified using
Serensen beta diversity (Bsor) and its two components -
species turnover (Psim), corresponding to the species
replacement between seasons and nestedness (Bsne),
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accounting for the loss or gain of species [24]. Shannon—
Wiener diversity index (H') calculated both species
richness and relative abundance, emphasizing rare species
[25], while Menhinick’s richness index was used to assess
species richness while reducing sample-size bias [26].
Pielou’s evenness index (J') was calculated to evaluate how
evenly individuals were distributed among species [27],
while Simpson’s dominance index (D) was used to quantify
dominance patterns within the community [28].

The non-parametric Kruskal-Wallis test was used to
examine variations in species richness and diversity across
seasons and habitats [29]. Wilcoxon rank-sum tests with
Benjamini-Hochberg false discovery rate correction were
used to analyze pairwise differences where they were
significant [30, 31]. Based on the Indicator Value (IndVal),
Indicator Species Analysis was used to find bird species
that were substantially correlated with various seasons.
With index values ranging from 0 to 1, the approach
evaluated how firmly a species is bound to a single season
(specificity) and how consistently it occurs within that
season (fidelity). Permutation tests (999 permutations)
were used to examine the statistical significance of
indicator values; only species with p < 0.05 were deemed
important seasonal indicators [32]. The composition of bird
communities was examined throughout time using non-
metric multidimensional scaling (NMDS) [33], based on
Bray-Curtis dissimilarity [34] with associated habitats
through habitat vectors.

All the analyses and figures were plotted using R version
4.5.1 and RAWGraphs 2.0.
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3. Results

3.1. Overall Species Composition

A total of 147 species across 22 orders and 60 families
were recorded. Passeriformes was the most diverse order
(23 families, 40 species), followed by Charadriiformes (9
families, 28 species), and Pelecaniformes (4 families, 16
species). The dominant families were Scolopacidae (13
species), Ardeidae (11 species), and Anatidae (10 species)
(Figure 2).

In terms of migratory status, resident species constituted
the largest (n=100), followed by winter visitors (n=36).
Western Reef Heron Egretta gularis was a local migrant,
while Chestnut-winged Cuckoo Clamator coromandus was
both a summer visitor and a local migrant. Rosy Starling
Pastor roseus was a passage migrant, and Indian Golden
Oriole Oriolus kundoo was exclusively a summer visitor.
Seven species were categorized both as residents and local
migrants. The IUCN Red List assessment showed most

species as Least Concern (n=140), with five Near
Threatened species: Indian Roller Coracias benghalensis,
Asian Woollyneck Ciconia episcopus, Bar-tailed Godwit
Limosa lapponica, Spot-billed Pelican Pelecanus
philippensis, and Black-tailed Godwit Limosa limosa. One
species, Egyptian Vulture Neophron percnopterus, was
Endangered, and Curlew Sandpiper Calidris ferruginea
was Vulnerable. Most species were listed under the WPA
Schedule 11, which provides protection prohibiting the
trade of those species (n=132), while 14 species were listed
under WPA I, which is the highest protection for the highly
threatened species, with violations leading to severe legal
punishments. One species, Rock Pigeon Columba livia,
was not listed under the WPA schedules (Table 1, Figure
3).

The habitat association of bird species showed the
highest overall species richness in Wetland (n=88),
followed by Open Scrub (n=56), Grassland (n=40) and
Trees (n=21) (Figure 3).
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Figure 2. Orders and families of avifauna with respective numbers of species in each family in Perungulam



Table 1. Complete checklist of avifauna recorded in Perungulam wetland with IUCN, migratory and WPA statuses and habitat guild
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Scientific Name Common Name IUCN Migratory | WPA Habitat
status | Status Schedules Type

Order: Galliformes

Family: Phasianidae

Pavo cristatus Indian Peafowl (Linnaeus, 1758) LC R | 0os

Francolinus pondicerianus Grey Francolin (Gmelin, 1789) LC R 1l OS/GL

Order: Anseriformes

Family: Anatidae

Anas Penelope Eurasian Wigeon (Linnaeus, 1758) LC wv 1l WL

Anas acuta Northern Pintail (Linnaeus, 1758) LC Wwv 1l WL

Sarkidiornis melanotos Knob-billed Duck (Pennant, 1769) LC R 1 WL

Anas poecilorhyncha Indian Spot-billed Duck (Swinhoe, 1866) LC R 1l WL

Spatula querquedula Garganey (Linnaeus, 1758) LC Wwv 1l WL

Anser indicus Bar-headed Goose (Latham, 1790) LC wv 1 WL

Dendrocygna javanica Lesser Whistling Duck (Horsfield, 1821) LC R 1l WL

Dendrocygna bicolor Fulvous Whistling Duck (Vieillot, 1816) LC R/LM | WL

Nettapus coromandelianus Cotton Pygmy Goose (Gmelin, 1789) LC R/LM | WL

Spatula clypeata Northern Shoveler (Linnaeus, 1758) LC wv 1 WL

Order: Podicipediformes

Family: Podicipedidae

Tachybaptus ruficollis ‘ Little Grebe (Pallas, 1764) LC ‘ R 1l WL

Order: Piciformes

Family: Picidae

Dinopium benghalense ‘ Black-rumped Flameback (Linnaeus, 1758) LC ‘ R 1 TR

Family: Megalaimidae

Psilopogon haemacephalus ‘ Coppersmith Barbet (MUler, 1776) LC ‘ R 1l TR

Order: Bucerotiformes

Family: Upupidae

Upupa epops ‘ Common Hoopoe (Linnaeus, 1758) LC ‘ R 1 GL

Order: Coraciiformes

Family: Coraciidae

Coracias benghalensis ‘ Indian Roller (Linnaeus, 1758) NT ‘ R 1l oS

Family: Alcedinidae

Ceryle rudis Pied Kingfisher (Linnaeus, 1758) LC R 1 WL

Halcyon smyrnensis White-throated Kingfisher (Linnaeus, 1758) LC R 1 WL

Alcedo atthis Common Kingfisher (Linnaeus, 1758) LC R 1l WL

Family: Meropidae

Merops orientalis Green Bee-eater (Latham, 1801) LC R 1 OS/GL

Merops philippinus Blue-tailed Bee-eater (Linnaeus, 1767) LC wv 1l OS/GL

Order: Pterocliformes

Family: Pteroclidae

Pterocles exustus Chestnut-bellied Sandgrouse (Temminck, 1825) ‘ LC ‘ R 1l OS/GL
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Table 1 continued

Order: Cuculiformes
Family: Cuculidae

Centropus sinensis Greater Coucal (Stephens, 1815) LC R 1l (61}
Eudynamys scolopaceus Asian Koel (Linnaeus, 1758) LC R 1l (6]
Clamator jacobinus Pied Cuckoo (Boddaert, 1783) LC R 1l 0os
Hierrococcyx varius Common Hawk Cuckoo (Vahl, 1797) LC R 1 oS
Phaenicophaeus viridirostris Blue-faced Malkoha (Jerdon, 1840) LC R 1l (6K}
Clamator coromandus Chestnut-winged Cuckoo (Linnaeus, 1766) LC SV/ILM 1l (6]
Order: Psittaciformes

Family: Psittacidae

Psittacula krameri ‘ Rose-ringed Parakeet (Scopoli, 1769) LC R 1 TR
Order: Strigiformes

Family: Strigidae

Athene brama ‘ Spotted Owlet (Temminck, 1821) LC R 1l TR
Family: Tytonidae

Tyto javanica Eastern Barn Owl (Gmelin, 1788) LC R | TR
Otus bakkamoena Indian Scops Owl (Pennant, 1769) LC R 1l TR
Order: Columbiformes

Family: Columbidae

Columba livia Rock Pigeon (Gmelin, 1789) LC R NA OS/GL
Streptopelia decaocto Eurasian Collared Dove (Frivaldszky, 1838) LC R 1 OS/GL
Streptopelia tranquebarica Red-collared Dove (Hermann, 1804) LC R 1l OS/GL
Spilopelia senegalensis Laughing Dove (Linnaeus, 1766) LC R 1l OS/GL
Spilopelia chinensis Spotted Dove (Scopoli, 1786) LC R 1 OS/GL
Order: Apodiformes

Family: Apodidae

Apus affinis Little Swift (Gray, 1830) LC R 1 OS/TR
Cypsiurus balasiensis Asian Palm Swift (Gray, 1829) LC R 1l OS/TR
Order: Gruiformes

Family: Rallidae

Gallinula chloropus Eurasian Moorhen (Linnaeus, 1758) LC R 1 WL
Porphyrio Poliocephalus Grey-headed Swamphen (Latham, 1801) LC R 1l WL
Amaurornis phoenicurus White-breasted Waterhen (Pennant, 1769) LC R 1l WL
Fulica atra Eurasian Coot (Linnaeus, 1758) LC R 1 WL
Order: Charadriiformes

Family: Glareolidae

Glareola lactea ‘ Small Pratincole (Temminck, 1820) LC R 1 WL
Family: Rostratulidae

Rostratula benghalensis ‘ Greater Painted Snipe (Linnaeus, 1758) LC R 1 WL
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Family: Scolopacidae

Limosa limosa Black-tailed Godwit (Linnaeus, 1758) NT wv 1l WL
Limosa lapponica Bar-tailed Godwit (Linnaeus, 1758) NT wv 1l WL
Tringa totanus Common Redshank (Linnaeus, 1758) LC Y 1 WL
Tringa nebularia Common Greenshank (Gunnerus, 1767) LC wv | WL
Gallinago gallinago Common Snipe (Linnaeus, 1758) LC wv 1l WL
Tringa glareola Wood Sandpiper (Linnaeus, 1758) LC Wwv 1l WL
Actitis hypoleucos Common Sandpiper (Linnaeus, 1758) LC wv 1 WL
Tringa stagnatilis Marsh Sandpiper (Bechstein, 1803) LC wv 1l WL
Tringa ocropus Green Sandpiper (Linnaeus, 1758) LC Wwv 1l WL
Calidris minuta Little Stint (Leisler, 1812) LC WV 1 WL
Calidris temminickii Temminck’s Stint (Leisler, 1812) LC wv 1 WL
Calidris pugnax Ruff (Linnaeus, 1758) LC wv 1l WL
Calidris ferruginea Curlew Sandpiper (Pontoppidan, 1763) VU Wwv 1l WL
Family: Jacanidae

Hydrophasianus chirurgus ‘ Pheasant-tailed Jacana (Scopoli, 1786) LC ‘ R 1l WL
Family: Burhinidae

Burhinus indicus ‘ Indian Stone-curlew (Salvadori, 1865) LC ‘ R 1 WL
Family: Charadriidae

Thinornis dubius Little Ringed Plover (Scopoli, 1786) LC wv 1l WL
Anarhynchus alexandrinus Kentish Plover (Linnaeus, 1758) LC wv 1l WL
Vanellus malabaricus Yellow-wattled Lapwing (Boddaert, 1783) LC R 1l WL
Vanellus indicus Red-wattled Lapwing (Boddaert, 1783) LC R 1l WL
Family: Recurvirostridae

Himantopus himantopus Black-winged Stilt (Linnaeus, 1758) LC ‘ R 1 WL
Family: Laridae

Chlidonias hybrida Whiskered Tern (Pallas, 1811) LC wv 1l WL
Sternula albifrons Little Tern (Pallas, 1764) LC R/LM 1 WL
Gelochelidon nilotica Gull-billed Tern (Gmelin, 1789) LC Wwv | WL
Chroicocephalus genei Slender-billed Gull (di Bréme, 1839) LC R/LM 1l WL
Hydroprogne caspia Caspian Tern (Pallas, 1770) LC wv 1l WL
Family: Turnicidae

Turnix suscitator Barred Buttonquail (Gmelin, 1789) LC ‘ R 1 OS/GL
Order: Accipitriformes

Family: Accipitridae

Milvus migrans Black Kite (Boddaert, 1783) LC R 1l OS/GL/WL
Elanus caeruleus Black-winged Kite (Desfontaines, 1789) LC R 1 OS/GL
Hieraaetus pennatus Booted Eagle (Gmelin, 1788) LC wv | OS/TR
Haliastur indus Brahminy Kite (Boddaert, 1783) LC R | WL/GL/TR
Haliaeetus leucogaster White-bellied Sea Eagle (Gmelin, 1788) LC R | WL/TR
Neophron percnopterus Egyptian Vulture (Linnaeus, 1758) EN R | OS/GL
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Table 1 continued

Butastur teesa ‘ White-eyed Buzzard (Franklin, 1831) LC ‘ R/LM ‘ | ‘ OS/GL/TR
Family: Pandionidae

Pandion haliaetus ‘ Osprey (Linnaeus, 1758) LC ‘ wv ‘ | ‘ OS/GL/WL
Order: Falconiformes

Family: Falconidae

Falco tinnunculus Eurasian Kestrel (Linnaeus, 1758) LC WV 1 OS/GL/WL
Falco peregrinus Peregrine Falcon (Tunstall, 1771) LC wv | OS/WL
Order: Suliformes

Family: Anhingidae

Anhinga melanogaster Oriental Darter (Pennant, 1769) LC ‘ R 1l WL
Family: Phalacrocoracidae

Microcarbo niger Little Cormorant (Vieillot, 1817) LC R 1l WL
Phalacrocorax carbo Great Cormorant (Linnaeus, 1758) LC R 1l WL
Phalacrocorax fuscicollis Indian Cormorant (Stephens, 1826) LC R 1 WL
Order: Pelicaniformes

Family: Ardeidae

Lxobrychus sinensis Yellow Bittern (Gmelin, 1789) LC R 1l WL
Botaurus flavicollis Black Bittern (Latham, 1790) LC R 1l WL
Ardea cinerea Grey Heron (Linnaeus, 1758) LC R 1 WL
Ardea purpurea Purple Heron (Linnaeus, 1766) LC R 1 WL
Egretta garzetta Little Egret (Linnaeus, 1766) LC R 1l WL
Bubulcus ibis Cattle Egret (Boddaert, 1783) LC R 1l WL
Ardea alba Great Egret (Linnaeus, 1758) LC R 1 WL
Ardea intermedia Intermediate Egret (Wagler, 1829) LC R 1 WL
Ardeola grayii Indian Pond Heron (Sykes, 1832) LC R 1l WL
Nycticorax nycticorax Black-crowned Night Heron (Linnaeus, 1758) LC R 1 WL
Egretta gularis Western Reef Heron (Bosc, 1792) LC LM 1 WL
Family: Threskiornithidae

Threskiornis melanocephalus Black-headed Ibis (Latham, 1790) LC R 1l WL
Plegadis falcinellus Glossy Ibis (Linnaeus, 1766) LC R 1 WL
Pseudibis papillosa Red-naped Ibis (Temminck, 1824) LC R 1l WL
Platalea leucorodia Eurasian Spoonbill (Linnaeus, 1758) LC R | WL
Family: Pelecanidae

Pelecanus philippensis Spot-billed Pelican (Gmelin, 1789) NT ‘ R 1l WL
Order: Ciconiiformes

Family: Ciconiidae

Anastomus oscitans Asian Openbill (Boddaert, 1783) LC R 1l WL
Mycteria leucocephala Painted Stork (Pennant, 1769) LC R 1 WL
Ciconia episcopus Asian Woollyneck (Boddaert, 1783) NT R 1 WL
Order: Phoenicopteriformes

Family: Phoenicopteridae

Phoenicopterus roseus Greater Flamingo (Pallas, 1811) LC ‘ wv 1l WL
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Order: Caprimulgiformes

Family: Caprimulgidae

Caprimulgus asiaticus Indian Nightjar (Latham, 1790) LC ‘ R 1l GL
Order: Passeriformes

Family: Oriolidae

Oriolus kundoo Indian Golden Oriole (Sykes, 1832) LC sV 1l TR
Oriolus chinensis Black-naped Oriole (Linnaeus, 1766) LC Wwv 1l TR
Family: Artamidae

Artamus fuscus ‘ Ashy Wood Swallow (Vieillot, 1817) LC ‘ R 1l ‘ (6]
Family: Vanghidae

Tephrodornis pondicerianus ‘ Common Woodshrike (Gmelin, 1789) LC ‘ R 1 ‘ oS
Family: Laniidae

Lanius vittatus Bay-backed Shrike (Valenciennes, 1826) LC R 1l (6]
Lanius cristatus Brown Shrike (Linnaeus, 1758) LC WV 1 oS
Family: Dicruridae

Dicrurus macrocercus ‘ Black Drongo (Vieillot, 1817) LC ‘ R 1l ‘ OS/WL
Family: Monarchidae

Terpsiphone paradisi ‘ Indian Paradise Flycatcher (Linnaeus, 1758) LC ‘ R 1 ‘ TR
Family: Corvidae

Dendrocitta vagabunda Rufous Treepie (Latham, 1790) LC R 1l WL/TR
Corvus macrorhynchos Indian Jungle Crow (Wagler, 1827) LC R 1 WL/TR
Corvus splendens House Crow (Vieillot, 1817) LC R 1l WL/TR
Family: Sturnidae

Acridotheres tristis Common Myna (Linnaeus, 1766) LC R 1l WL/GL/OS
Pastor roseus Rosy Starling (Linnaeus, 1758) LC PM 1 WL/GL/OS
Sturnia pagodarum Brahminy Starling (Gmelin, 1789) LC R 1l WL/GL/OS
Family: Hirundinidae

Hirundo rustica ‘ Barn Swallow (Linnaeus, 1758) LC ‘ WV 1 ‘ WL/GL
Family: Pycnonotidae

Pycnonotus cafer ‘ Red-vented Bulbul (Linnaeus, 1766) LC ‘ R 1l ‘ OS/GL
Family: Timaliidae

Turdoides affinis ‘ Yellow-billed Babbler (Jerdon, 1845) LC ‘ R 1l ‘ oS
Family: Cisticolidae

Prinia socialis Ashy Prinia (Sykes, 1832) LC R 1l OS/GL
Prinia inornata Plain Prinia (Sykes, 1832) LC R 1l OS/GL
Orthotomus sutorius Common Tailorbird (Pennant, 1769) LC R 1 OS/GL
Family: Alaudidae

Eremopterix griseus Ashy-crowned Sparrow Lark (Gould, 1839) LC R 1 OS/GL
Galerida cristata Jerdon’s Bushlark (Blyth, 1845) LC R 1 OS/GL
Alauda gulgula Oriental Skylark (Franklin, 1831) LC R/LM 1l OS/GL
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Table 1 continued

Family: Muscicapidae

Muscicapa dauurica Asian Brown Flycatcher (Pallas, 1811) LC wv 1l OS/TR
Copsychus fulicatus Indian Robin (Linnaeus, 1766) LC R 1l OS/TR
Copsychus saularis Oriental Magpie Robin (Linnaeus, 1758) LC R 1 OS/TR
Family: Nectariniidae

Leptocoma zeylonica Purple-rumped Sunbird (Linnaeus, 1766) LC R 1l OS/GL
Cinnyris asiaticus Purple Sunbird (Latham, 1790) LC R 1l OS/GL
Family: Ploceidae

Ploceus philippinus ‘ Baya Weaver (Linnaeus, 1766) ‘ LC ‘ R ‘ 1l ‘ (6}
Family: Estrildidae

Euodice malabarica ‘ Indian Silverbill (Linnaeus, 1758) ‘ LC ‘ R ‘ 1 ‘ OS/GL
Family: Passeridae

Passer domesticus House Sparrow (Linnaeus, 1758) LC R 1l GL
Gymnoris xanthocollis Yellow-throated Sparrow (Burton, 1838) LC R 1l OS/GL
Family: Motacillidae

Motacilla maderaspatensis White-browed Wagtail (Gmelin, 1789) LC R 1l WL
Motacilla flava Western Yellow Wagtail (Linnaeus, 1758) LC R 1l WL
Anthus rufulus Paddyfield Pipit (Vieillot, 1818) LC WV 1 GL/WL
Anthus godlewskii Blyth's Pipit (Taczanowski, 1876) LC wv 1 GL/WL
Family: Aegithinidae

Aegithina tiphia ‘ Common lora (Linnaeus, 1758) ‘ LC ‘ R ‘ 1l ‘ OS/GL
Family: Turdidae

Geokichla citrina ‘ Orange-headed Thrush (Latham, 1790) ‘ LC ‘ R/LM ‘ 1l ‘ OS/WL
Family: Sylvidae

Curruca curruca ‘ Lesser Whitethroat (Linnaeus, 1758) ‘ LC ‘ wv ‘ 1 ‘ OS/GL
Family: Leiothrichidae

Argya caudata ‘ Common Babbler (Dumont, 1823) ‘ LC ‘ R ‘ 1l ‘ OS/GL

LC—Least Concern; VU— Vulnerable; NT—Near Threatened; EN—Endangered; WV—Winter Visitor; R—Resident; PM— Passage Migrant;
LM Local Migrant; SV Summer Visitor; | — WPA schedule I; Il — WPA Schedule 1I; NA— Not Available; WL — Wetland; OS — Open
Scrub land; GL — Grassland; TR — Trees.
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Figure 3.

3.2. Avifaunal Seasonal Abundance, Richness, and
Diversity

Total abundance peaked in August 2023 (n=6284),
followed by June 2024 (n=5390), July 2023 (n=4878), and
September 2023 (n=4800). Species richness was highest in
the post-monsoon season (104 species in January 2024) and
lowest in summer (52 to 59 species) (Table 2). Diversity
indices also showed similar seasonal patterns. The
Shannon-Wiener index ranged from 2.44 (summer) to 3.51
(post-monsoon). Simpson’s index remained consistently
high (0.835-0.948), suggesting low dominance and
relatively even species distribution across months, with the
maximum value in January (0.948), which was further
substantiated by Pielou’s evenness (0.757 in January 2024
and 0.598 in June 2024). Pielou’s index indicated a
decrease in evenness from post-monsoon to summer and
relatively higher values in monsoon and post-monsoon
(0.66 to 0.75). Menhinick’s richness index also varied from
0.759 to 2.20, highest in January (2.20) (Table 2).
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IUCN, WPA and migratory statuses of avifauna with habitat guilds, with respective numbers of species in Perungulam

Species richness showed significant difference among
seasons (y*> = 8.67, df = 3, p = 0.034) and among habitats
(> =36.07, df = 3, p = 7.239 x 108). Shannon diversity did
not vary significantly among seasons (y*=5.82,df=3,p=
0.121) but differed significantly among habitats (y> =20.41,
df =3, p=0.0001395). Post-hoc pairwise tests revealed no
significant differences between individual seasons, but
significance across multiple habitat pairs, especially the
wetlands (Supplementary Tables 1 & 2).

3.3. Habitat Associations and Temporal Variation in
Species Composition

Beta diversity (Serensen dissimilarity: 0.22 to 0.39)
indicated that around 22-39% of species differed between
seasons, highest between monsoon and summer (fsor =
0.39), followed by the post-monsoon and pre-monsoon
seasons (Psor = 0.34). Turnover in most cases (fsim = 0.20
to 0.27) contributed more to beta diversity than nestedness
(Bsne = 0.02 to 0.20) (Table 3).
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Table 2. Total abundance, species richness, and alpha diversity indices values across seasons in Peungulam wetland

Seasons Months Total Species Shannon-Weiner | Simpson Index | Menhinick Pielou’s
abundance richness Index Index Index
Pre-Monsoon Jul-2023 4878 53 2.460 0.867 0.759 0.621
Aug-2023 6284 63 2.700 0.904 0.795 0.652
Sep-2023 4800 57 2.590 0.881 0.823 0.64
Monsoon Oct-2023 3545 74 2.960 0.907 1.240 0.688
Nov-2023 3100 73 2.840 0.878 1.310 0.663
Dec-2023 2885 78 2.920 0.908 1.450 0.669
Post-monsoon Jan-2024 2227 104 3.510 0.948 2.200 0.757
Feb-2024 1947 77 3.140 0.918 1.750 0.723
Mar-2024 2285 71 3.010 0.915 1.490 0.706
Summer Apr-2024 1775 52 2.820 0.891 1.230 0.714
May-2024 2271 52 2.600 0.869 1.090 0.659
Jun-2024 5390 59 2.440 0.835 0.804 0.598
Table 3. Serensen beta diversity, turnover, and nestedness values across the study seasons
Seasonal comparison Bsor (Total) Bsim (Turnover) Bsne (Nestedness)
Monsoon — Post-monsoon 0.22 0.2 0.02
Monsoon — Pre-monsoon 0.26 0.13 0.13
Monsoon — Summer 0.39 0.24 0.15
Post-monsoon — Pre-monsoon 0.34 0.21 0.14
Post-monsoon — Summer 0.31 0.11 0.2
Pre-monsoon — Summer 0.31 0.27 0.04

Across habitats, the wetland consistently supported the
highest species richness, increased from 34 species in July
2023 to a peak of 60 species in January 2024, and declined
during summer (24-33 species). Open scrub showed
moderate richness, peaking at 40 species in January 2024,
while grassland supported 12-26 species (maximum in
January 2024). Tree-dominated habitats consistently
recorded the lowest richness, ranging from 8 species in
September 2023 to 16 species in February 2024 (Figure 4).
Glossy Ibis Plegadis falcinellus was the most abundant
species during the pre-monsoon (n=2800) and summer
(n=2140), while Indian Spot-billed Duck Anas
poecilorhyncha (n=1800) dominated during the monsoon.
In the post-monsoon, Little Cormorant Microcarbo niger
(n=960) and Rosy Starling Pastor roseus (n=940) were the
most abundant. Habitat-wise dominance showed Glossy
Ibis (n= 6510), Little Cormorant (n= 4080), as the most
abundant species in wetlands, while Rock Pigeon (n=2567),
Black Kite Milvus migrans (n=1908) and Rosy Starling
(n=1206) dominated grassland and open scrub habitats.
Common Myna Acridotheres tristis was most abundant in
tree-associated habitats. Thirteen raptor species, including
residents such as Black-winged Kite Elanus caeruleus,
Spotted Owlet Athene brama, White-bellied Sea Eagle
Haliaeetus leucogaster, Indian Scops Owl Otus
bakkamoena, winter migrant Booted Eagle Hieraaetus

pennatus, and local migrant White-eyed Buzzard Butastur
teesa, were recorded, associated mostly with the grassland,
open scrub, and tree habitats.

Indicator Species Analysis presented only the species
with significant seasonal associations. The wetland-
associated species showed a strong association in monsoon
and post-monsoon seasons with species such as Great Egret
Ardea alba, Black-winged Stilt Himantopus himantopus,
Little Grebe Tachybaptus ruficollis, Yellow-throated
Sparrow Gymnoris xanthocollis, Little Ringed Plover
Thinornis dubius (IndVal =1.00-0.96), while Wood
Sandpiper Tringa glareola, Rosy Starling, Barn Swallow
Hirundo rustica, and Asian Brown Flycatcher Muscicapa
dauurica showed moderate indicator values (IndVal =~
0.91-0.92). Several species exhibited very strong seasonal
fidelity with IndVal values > 0.95, such as Common lora
Aegithina tiphia (0.96, p value <0.01), Purple Heron Ardea
purpurea (0.98, p value <0.05), and Bar-tailed Godwit
(0.98, p value <0.05), indicating significant and consistent
occurrence within specific seasons. Summer season
indicators were mostly landbirds like Baya Weaver
Ploceus philippinus, Asian Koel Eudynamys scolopaceus,
Black Drongo Dicrurus macrocercus, and Black-winged
Kite Elanus caeruleus (IndVal 1.00, p value <0.05) (Figure
5).
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Figure 4. Monthly species richness of avifauna across the four major habitat types in Perungulam
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Figure 5. Indicator Species Analysis of each season with the indicator values and significance values (p)
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Figure 6. Association of seasons and habitats with respect to avian species composition in Perungulam

The NMDS ordination (stress = 0.038) showed distinct
clustering of months as pre-monsoon, monsoon, post-
monsoon, and summer periods, with wetland habitats
strongly associated with pre-monsoon communities (r=2=
0.77, p = 0.002) and tree habitats with summer. Grassland
and open scrub habitats showed no significant associations
across seasons, and the vectors of both habitats indicated
similar species composition (Figure 6).

4. Discussion

The avifaunal assemblage of Perungulam was
characterized by high diversity, with dominance of
Passeriformes, Charadriiformes, and Pelecaniformes,
indicating the heterogeneous wetland habitats, where the
mosaic of aquatic and terrestrial microhabitats supports a
diverse range of bird species [10]. Bird distribution largely
depended on suitable foraging and nesting sites [35, 36].
Diverse food availability determined resource partitioning
and community structure [18, 37]. The grasslands and open
scrub habitats of Perungulam supported the resident and
migratory species of passerines, nectarivores, raptors and
other landbirds. Raptors like Egyptian Vulture [37] and
White-bellied Sea Eagle [38] are breeding in the
neighbouring districts of Tirunelveli and Ramanathapuram.
While open scrub and grasslands were predominant with
Rock Pigeon, Black Kite, and Rosy Starling, tree-

associated habitats consistently supported species like
Asian Palm Swift Cypsiurus balasiensis and Rose-ringed
Parakeet Psittacula krameri, a pattern commonly observed
in open wetland systems with limited woody vegetation
[39].

The findings of this study align with earlier studies
across various wetlands in India and Asia, emphasizing the
role of seasonal wetlands as key foraging and stopover sites
for both resident and migratory waterbirds [17, 40]. The
wetland habitat consistently supported the highest species
richness with a gradual increase from monsoon to post-
monsoon in Perungulam, corresponding with optimal water
depths and prey accessibility [40]. Shorebirds are sensitive
to water depth and substrate, while large wading birds
exploit shallow waters and flooded vegetation for foraging
and roosting [41]. Laridae species like Little Tern Sternula
albifrons, Gull-billed Tern Gelochelidon nilotica,
Whiskered Tern Chlidonias hybrida, Caspian Tern
Hydroprogne  caspia, and  Slender-billed  Gull
Chroicocephalus genei further enhance the importance of
the Perungulam wetland habitat as a stopover site for
migrants. Perungulam also recorded Greater Flamingo
Phoenicopterus roseus, with limited studies in Tamil Nadu,
especially from lesser-known inland wetlands [42]. The
presence of five Near Threatened and two threatened
species, including both resident and winter visitor
shorebirds, and all species enlisted under WPA either
Schedule 1 or 11, further emphasizes the conservation value
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of Perungulam.

The peak richness and diversity in the monsoon and post-
monsoon are consistent with the altered hydrological
regimes, enhanced primary productivity, and the arrival of
migratory species [43, 44]. Both these seasons exhibited
more evenness in community composition and lower
dominance values reflected in Pielou’s and Simpson’s
indices, which may be associated with optimal resource
availability and the ability of diverse species to utilize
different habitats and foraging conditions within the
wetland [45]. Summer showed less species richness, more
dominance and less evenness in species distribution, which
may be attributed to the end of the migratory season, where
the lesser availability of water and resources resulted in the
dominant presence of a few generalist species like Little
Cormorant, Great Egret, Black-winged Kite, House Crow
(Corvus splendens), etc. The NMDS plot substantiated the
findings of abundance of species recorded in pre-monsoon
period with lower richness, diversity and evenness, with
distinct clusters of seasons, while there were significant
differences in richness and diversity across seasons and
habitats [46]. Influence of rainfall on wetland avian
community distribution needs continuous monitoring,
where increased precipitation was known to negatively
impact the prey availability for species like Painted Storks
[47]. Beta diversity across seasons, driven by species
turnover rather than nestedness, is significant for seasonal
wetlands like Perungulam. Most similar species
composition was between monsoon and post-monsoon,
while the nestedness was high in summer, indicating
summer assemblages are mostly subsets of earlier season
species [48]. This pattern can be attributed to strong
temporal shifts associated with migration, water
availability and habitat structure, where seasonal arrival
and departure of migratory species together with
fluctuating wetland conditions likely altered the
assemblage across seasons, thereby contributing more to
species turnover than nestedness [49].

4.1. Potential Threats and Conservation Implications

The current study recorded a few potential threats to the
Perungulam wetland. The invasive African Catfish Clarias
gariepinus population is a major threat to the native fishes
and biodiversity of the freshwater ecosystems in India. It is
known to prey on reptiles, amphibians and birds [50, 51].
Sewage mixing near the village outlet point may potentially
deteriorate the water quality due to increasing pollution
load, affecting the aquatic life, as recorded in other
waterbodies like tanks, ponds or lakes in India [52]. Sand
mining was another potential threat [19], which is known
to alter the terrain of the lake beds, decrease the available
open mudflats for birds, disturb the benthic fauna,
spawning grounds for fish and eventually degrade the
freshwater ecosystem [53, 54]. The invasive plants, like
water hyacinth Eichhornia crassipes, were restricted to

only a small portion of the Perungulam wetland at the edges.

Hence, a few conservation recommendations include
considering Perungulam wetland for formal protection in
view of its avifaunal diversity and ecological importance
[55]. As observed, during the dry period, the local people
are dependent on the wetland for agriculture, domestic
purposes and grazing cattle. Aligning the ecological needs
with the socioeconomic needs of local communities and
compensating for shared space losses can achieve
conservation goals [56]. Regulating activities such as
sewage discharge and sand mining may further help
maintain habitat quality and reduce disturbance to wetland-
associated bird communities.

5. Conclusions

Perungulam wetland supported a diverse avifaunal
assemblage with clear seasonal variation in species
composition, richness, and abundance. The wetland
supported  several conservation priority  species,
highlighting its ecological importance among the lesser-
known inland wetlands of southeast Tamil Nadu. The
present study provides the first baseline avifaunal dataset
for Perungulam and emphasizes the importance of
continued monitoring and conservation attention for such
unprotected wetlands facing increasing anthropogenic
pressures. Local community involvement and long-term
habitat protection measures will be important for sustaining
the ecological value of the wetland.
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