
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you 
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t    t p : / / c r e  a   t i 
v e  c  o  m  m  o n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .   

Prateek et al. BMC Zoology            (2025) 10:1 
https://doi.org/10.1186/s40850-025-00222-6

Introduction
The Yellow-wattled lapwing, Vanellus malabaricus (Bod-
daert, 1783) [1] is a sandy brown plover with yellow legs 
and a wattle [2], belonging to the avian order Charadri-
iformes [3]. They are medium-sized birds with long legs, 
a short, straight beak, a slightly big head, and rounded 
wings [3, 4]. They are primarily restricted in the Indian 
subcontinent [5]. Yellow-wattled Lapwing is more fre-
quently sighted in wide fields with stubbles, fallow fields 
and dry places [6]. Termites, beetles and other inverte-
brates are identified as their main food sources [7]. The 
Yellow-wattled Lapwing serves an important ecological 
function in managing many invertebrate (Pests) popula-
tions, to keep grassland and agricultural ecosystems in 

BMC Zoology

*Correspondence:
Ashish Kumar
adellu111@gmail.com
1Department of Zoology, Lucknow University, Lucknow,  
Uttar Pradesh 226007, India
2Department of Zoology, Buddha P.G. College, Kushinagar,  
Uttar Pradesh 274403, India
3Department of Biotechnology, IFTM University, Moradabad,  
Uttar Pradesh 244102, India
4Animal Diversity and Ecology Laboratory, Department of Zoology, 
University of Lucknow, Lucknow, Uttar Pradesh 226007, India

Abstract
This field study investigated the population structure, distribution pattern and habitat utilization of Yellow-wattled 
Lapwings. The line transect method was used to estimate the density of Yellow-wattled Lapwings. An average of 
394 individuals including 77 chicks of Yellow-wattled Lapwings have been registered with an average density of 
38 birds per km. The outcome of the GLM analysis exhibited, that Bakshi Ka Talab had the highest lapwing count 
while, Malihabad had the lowest lapwing count. A significant lapwing count in the year 2021 was confirmed. The 
winter season had the lowest lapwing counts, whereas the summer season had the highest values. Moreover, 
the largest lapwing counts were estimated in uncultivated while, the lowest lapwing count was documented in 
river habitat types. There was a significant difference in the mean flock size across the seasons and the habitat 
types. Being sighted in flocks of various sizes the distribution pattern was found to be clumped in Yellow-wattled 
Lapwings. The results of the factorial ANOVA showed a significant difference in the habitat utilization of Yellow-
wattled Lapwings across study sites, years, seasons and habitat types. Uncultivated habitat types were the most 
utilized habitat types during summer seasons.
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balance [8]. Its presence indicates a healthy ecosystem, 
whereas its absence typically indicates environmental 
degradation caused by urbanization and increased agri-
cultural expansion. The population of Yellow-wattled 
Lapwings ranges from 5000 to 10,000 individuals [9]. It is 
classified as least concern globally [10], however, assess-
ment of eBird data [11], suggests its population decline 
and is classified as a species of moderate concern nation-
ally, therefore, protecting it is crucial for maintaining 
biodiversity.

A population is a collection of interbreeding members 
of a species that serves as a fundamental unit in evolution 
and ecology [12]. Populations are characterized by struc-
tural characteristics like density, dispersion pattern, age, 
sex, and genetic makeup, which fluctuates throughout 
time and space in response to changing environmental 
conditions [12]. Population structure may indicate future 
demographic trends and also necessary to understand the 
association between population structure and changes in 
population size in response to anticipated environmental 
changes [12].

Birds with restricted ranges require significant atten-
tion from ecologists and conservationists [13]. Further-
more, it is imperative to understand how they use their 
habitats and how they are distributed geographically [14, 
15]. Recently, there has been an increased focus on the 
macroecological linkages between local abundance and 
distribution or range size [16].

The spatiotemporal distribution of certain important 
natural resources has a significant impact on the number 
of bird species [17]. According to Newton [18], animal 
dispersion is limited by the availability of suitable feed-
ing places, which are further influenced by predators and 
diseases.

It is widely recognized that the degree of adequate 
habitat availability affects the number of waterbirds [19]. 
Habitat utilization may be defined as how an individ-
ual or a species takes advantage of a habitat to fulfill its 
necessities throughout its life cycle [20]. The selection of 
habitat for birds depends on food availability, protection 
from predators and restrictions imposed by morphologi-
cal features [21]. Birds’ chances of surviving, growing and 
successfully reproducing rely on the availability of food in 
their natural habitats [22, 23]. Most species of birds are 
declining due to habitat loss, degradation and overexploi-
tation [24].

This study fills multiple important gaps in the present 
ornithological research about the Yellow-wattled lap-
wing. These gaps include insufficient data on the lapwing; 
population structure, distribution patterns and habitat 
utilization in Northern India. In this study, we aimed to 
evaluate: (1) the population structure, (2) the distribution 
pattern; and (3) the habitat utilization rates of Yellow-
wattled Lapwings. We hypothesized that Yellow-wattled 

Lapwings would evenly distribute across all habitat types. 
Moreover, they would utilize all habitat categories at an 
even pace.

Materials and methods
Study area
The fieldwork was conducted in the Lucknow district 
of Uttar Pradesh, India, covering an area of 2528 km2 
(Fig.  1). We randomly chose five sites and noted their 
coordinates; (1) Bakshi Ka Talab (BKT): 26°56’47.58"N, 
80°56’53.69"E, (2) Post Graduate Institute (PGI): 
26°44’37"N, 80°57’15"E, (3) Gosainganj: 26°46’34.56"N, 
81°4’36.02"E, (4) Nigohan: 26°33’24.06"N 81°1’1.43"E and 
(5) Malihabad: 26°50’34.11"N, 80°45’38.73"E to investi-
gate the frequency and distribution pattern of Yellow-
wattled Lapwings (Fig. 1).

Based on geographical features and frequent sightings 
of Yellow-wattled Lapwings, the study area was stratified 
into four distinct habitat types (uncultivated, cultivated, 
river, and pond) (Fig.  2). The climate of the research 
area is subtropical, with annual average temperatures 
of 25.1  °C (77.2  °F) and an average precipitation rate of 
999 mm (39.3 inches) [25]. The dominant type of vegeta-
tion found in the study area is sub-tropical vegetation, 
which includes trees, shrubs and grasses. This region is 
known for its high avian diversity as well [26].

Field survey and population monitoring
During the study period (January 2019 to Decem-
ber 2023), we utilized the line transect method [27] to 
record individuals of Yellow-wattled Lapwing along a 
pre-determined route inside a survey unit. In this strat-
egy, researchers followed a line and identified birds as the 
target items. The distance between the two transects was 
about 500 m in each site. The goal of line transect sam-
pling is to estimate the bird counts and average density, 
D, of specified species in the study area.

According to Bibby [28], the Yellow-wattled lapwing 
density was calculated using the following formula:

 
Density (D) = Number of birds observed (N)

Area surveyed (A)

Line transect sampling relies on four key assumptions, 
ranked in decreasing importance: (1) Birds are always 
detected directly on or near the line; (2) No birds move in 
response to the observer and none are counted more than 
once during a given walking of the line (3) All distance 
and angle data are recorded accurately, and (4) Sightings 
of different birds are statistically independent. A SToK 
(ST-LDM100) laser range finder/distance (100  m, accu-
racy ± 2 mm) was used to estimate the distance and angle 
of the observed individual of lapwings.
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A total of 76 transects (500 m each) were chosen, span-
ning 38 km in length (Table 1). Study sites were frequently 
visited to estimate the population structure of Yellow-
wattled Lapwings in different habitats (uncultivated, 
cultivated, pond and river) and seasons: spring (January 
to March), summer (April to June), rain (July to Septem-
ber), and winter (October to December). Lapwings were 

observed and counted by the direct observation method 
aided by binoculars (7 × 40).

In this study, we define a flock of Yellow-wattled Lap-
wing based on several criteria including the number of 
individuals (at least two), proximity (within 10  m), syn-
chronized behavior (such as flying together or foraging 
in the same area), interaction (including vocalizations 

Fig. 1 Geographic Information System (GIS) map of the study area highlighting the spatial distribution of selected study sites during the study period of 
January 2019 to December 2023
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and cooperative behaviors) and duration (must remain 
together for at least 5 min) [29, 30].

Over the course of the five-year research period, 300 
field surveys (1 survey per site per month, 3 surveys per 
site per season and 60 surveys annually) were conducted. 
The fieldwork sessions were conducted from early morn-
ing to late evening 06:00 am to 17:00 pm for each count. 
The Yellow-wattled Lapwings were seen and assessed 
in the study area without creating any disturbance [31]. 
Lapwing numbers (chicks and adults) were counted and 
the number of lapwing individuals in every category of 
habitat was also ascertained.

Estimation of habitat utilization rate
During the field investigation, field surveys [32] were 
conducted to identify the habitat availability for Yellow-
wattled Lapwings. We identified four major habitat cat-
egories; uncultivated, cultivated, pond and river habitats. 
According to Zhao et al. [33], the habitat utilization rates 
(U) of all habitat categories by this Yellow-wattled Lap-
wing were estimated.

 
Ui = Ni

N

Where Ui is the ithhabitat type’s utilization rate by Yel-
low-wattled Lapwings; Ni is the number of Yellow-wat-
tled Lapwings in the ith habitat types and N is the total 
number of Yellow-wattled Lapwings in all the habitat 
types.

Statistical analysis
The data were tested for homogeneity and normal-
ity using Kolmogorov-Smirnov tests and Levene’s test, 
respectively. A generalized linear model (GLM) was 
employed to examine the relationship between lapwing 
counts and dependent variables (seasons, years, types 
of habitats, and study sites). Two-way ANOVA followed 

Table 1 Length and number of transects considered during the 
field investigation (January 2019–December 2023)
S.N. Study points Surveyed length 

(km)
Number of 
transects

1. Bakshi Ka Talab 12 24
2. Post Graduate Institute 10 20
3. Gosainganj 8 16
4. Nigohan 5 10
5. Malihabad 3 6

Pooled data 38 76

Fig. 2 Occurrence of Yellow-wattled lapwing, Vanellus malabaricus, in Northern India in four different habitat types: a Uncultivated b Cultivated c Pond 
and d River
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by a post hoc Bonferroni test was used to analyze flock 
range size in different habitats and seasons.

Two-way ANOVA was used to statistically analyze the 
number of chicks counted at different study sites and in 
different years.

We utilized a multi-way analysis of variance (factorial 
ANOVA) to examine how habitat utilization fluctuates 
concerning years, seasons, habitat types and study sites. 
Additionally, in each case, we checked for interaction in 
the independent variables (years, seasons, habitat types 
and study sites). Finally, we applied a one-way ANOVA 
followed by Tukey’s post hoc test to check differences in 
the habitat utilization rate of Yellow-wattled Lapwings in 
different habitat types.

All values are expressed as mean ± SD and a p-value 
were considered significant if < 0.05 and highly significant 
if < 0.001. Statistical analyses were done using GraphPad 
Prism (version 5.01, La Jolla, CA 92,037 USA) and SPSS 
(version 16.4).

Results
Population structure
We recorded a total of 394 individuals (mean number) of 
Yellow-wattled Lapwings in this field investigation with 
an average density of 38 birds per km. Counts of the Yel-
low-wattled Lapwing have been summarized (Table  2). 
The results of the GLM analysis (Table  3) revealed 

Table 2 Population census of Yellow-wattled Lapwing during the study period (January 2019–December 2023)
Study locations Year Spring Summer Rain Winter Mean ± SD
Bakshi Ka Talab 2019 23 38 27 20 27 ± 6.81

2020 7 17 12 9 11.25 ± 3.76
2021 26 54 37 30 36.75 ± 10.70
2022 22 41 29 25 29.25 ± 7.22
2023 23 45 32 27 31.75 ± 8.28

Post Graduate Institute 2019 14 20 15 11 15 ± 3.24
2020 3 7 4 5 4.75 ± 1.47
2021 19 27 22 15 20.75 ± 4.38
2022 15 22 20 13 17.5 ± 3.64
2023 14 21 16 12 15.75 ± 3.34

Gosainganj 2019 21 32 24 17 23.5 ± 5.5
2020 5 9 7 6 6.75 ± 1.47
2021 24 39 27 22 28 ± 6.59
2022 21 34 22 19 24 ± 5.86
2023 22 35 23 20 25 ± 5.87

Nigohan 2019 4 9 5 6 6 ± 1.87
2020 3 5 3 3 3.5 ± 0.86
2021 11 17 14 10 13 ± 2.73
2022 10 15 12 9 11.5 ± 2.29
2023 8 16 11 9 11 ± 3.08

Malihabad 2019 4 7 4 5 5 ± 1.22
2020 2 4 3 2 2.75 ± 0.82
2021 10 14 11 9 11 ± 1.87
2022 7 11 8 7 8.25 ± 1.63
2023 4 6 5 4 4.75 ± 0.82

Table 3 Results of a generalized linear model (GLM) explaining 
various factors influencing the Yellow-wattled Lapwing counts 
during the study period of January 2019 to December 2023
Predictor Category Estimate SE P
Study sites Bakshi Ka Talab 0.602 ± 0.068 < 0.05*

Post Graduate Institute 0.326 ± 0.034 0.022*
Gosainganj 1.121 ± 1.182 < 0.015**
Nigohan −0.185 ± 0.021 0.032*
Malihabad −0.720 ± 1.036 0.048*

Years 2019 -0.142 ± 0.005 0.042*
2020 -0.263 ± 0.123 0.051*
2021 0.682 ± 0.063 < 0.05*
2022 -0.104 ± 1.384 0.037*
2023 -1.327 ± 1.172 0.032*

Seasons Spring -0.061 ± 2.048 0.049*
Summer 0.638 ± 0.127 < 0.05*
Rain 0.127 ± 0.152 0.042*
Winter -1.935 ± 2.056 0.038*

Habitat types Uncultivated 0.102 ± 0.534 < 0.05*
Cultivated 0.712 ± 0.062 0.042*
Pond -0.507 ± 2.079 0.047*
River -0.381 ± 1.125 0.049*

S.E. standard error, p probability

*<0.05 (significant)

**<0.01 (highly significant)
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that Bakshi Ka Talab had the highest (27.2 ± 7.34) lap-
wing count (p < 0.05) while Malihabad had the lowest 
(6.35 ± 2.16) lapwing count (p = 0.048) (Fig. 3a). The high-
est bird density found in Gosainganj study sites (54 birds 
per km) while the lowest found in Post Graduate Insti-
tute study sites (30 birds per km). We estimated a sig-
nificant lapwing count in the year 2021 (p < 0.05). The 
winter season had the lowest (12.6 ± 2.79) lapwing counts 
(p = 0.038) (Fig. 3b), whereas the summer season had the 
highest (21.8 ± 4.35) values (p < 0.05) (Fig. 3b). Moreover, 

the largest lapwing counts were estimated in unculti-
vated habitats (p < 0.05) (Fig.  3c) while lowest lapwing 
count was documented in river habitat types (p = 0.049) 
(Fig. 3c).

The mean number of chick counts (77) was recorded in 
Fig. 4. There was a significant variation in the chick count 
across the study sites (F = 35.23, df = 4, p < 0.05) and the 
different years (F = 39.41, df = 4, p < 0.05). The Bakshi Ka 
Talab study site had the highest (8 ± 2.41) chick counts 
in the 2021 year, whereas Malihabad had the lowest 
(0.5 ± 0.03) chick counts in the 2020 years (Fig. 4).

Distribution pattern
The mean number of flocks and range of flock size were 
recorded and tabulated (Table  4). In this field study, 

Table 4 Occurrence and detail of flocks of the Yellow-wattled 
Lapwing in different seasons and habitat types
Habitat types Mean 

number of 
flocks

Range of flock size
Spring Summer Rainy Winter

Uncultivated 48 4–8 6–15 4–10 2–8
Cultivated 35 2–7 3–8 3–9 2–5
Pond 11 2–5 2–5 2–5 2–4
River 7 2–4 2–4 2–4 2–3

Fig. 4 The number of chicks in the different study sites and years

 

Fig. 3 Variation of lapwing counts (pooled data January 2019 to December 2023) in different; a study sites, b seasons c habitat types
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we observed 101 flocks of Yellow-wattled Lapwings 
(Table  4). There was a significant variation in the mean 
flock size across the seasons (F = 46.31, df = 3, p < 0.05) 
and the habitat types (F = 42.51, df = 3, p < 0.05). The river 
habitats had the lowest range of flock size in the win-
ter season (2–3), whereas uncultivated habitats had the 
largest range of flock size in the summer seasons (6–15) 
(Table 4).

Habitat utilization
The results of the factorial ANOVA analysis confirmed 
a significant difference in the habitat utilization of 
Yellow-wattled Lapwings across study sites (F = 22.73, 
df = 4, p < 0.05), years (F = 48.32, df = 4, p < 0.01), seasons 
(F = 59.21, df = 3, p < 0.05) and habitat types (F = 68.40, 
df = 3, p < 0.01) (Table 5). All the variables, with the excep-
tion of between years and seasons, season and study sites 
showed significant interactions (Table 5). However, one-
way ANOVA and a Tukey’s post hoc test revealed that 
the summer season (F = 44.21, df = 3, p < 0.01) and uncul-
tivated habitat (F = 63.44, df = 3, p < 0.01) had the highest 
habitat utilization rate (Fig. 5).

Discussion
Population structure
The estimated range of the Yellow-wattled Lapwing pop-
ulation is 5000 to 10,000 worldwide [9]. In this study, 

we estimated an average of 394 Yellow-wattled Lapwing 
individuals (317 adults and 77 chicks) and the average 
density was 38 birds per km. Our results divulged that 
the Yellow-wattled Lapwing population remained stable 
in recent years. Similar trends were reported in north-
ern lapwings (Vanellus vanellus) [34] and river lapwings 
(Vanellus duvacelii) [13]. Furthermore, the population 
trend of Yellow-wattled Lapwings was also stable, accord-
ing to Birdlife International [9].

Table 5 Results of factorial ANOVA showing variations of habitat 
utilization in relation to years, seasons, habitat types and study 
sites
Dependent variables F df p
Years 48.32 4 < 0.01**
Seasons 59.21 3 < 0.05*
Habitat types 68.40 3 < 0.01**
Study sites 22.73 4 < 0.05*
Years * seasons 19.40 8 0.08
Years * habitat types 24.32 8 0.07
Years * study sites 29.13 9 < 0.05*
Seasons * habitat types 25.11 7 0.04*
Seasons *study sites 27.41 8 0.08
Habitat types * study sites 31.26 8 < 0.05*
Years * seasons * habitat types * study sites 36.31 17 < 0.05*
F likelihood ratio, df degrees of freedom, p probability

*<0.05 (significant)

**<0.01 (highly significant)

Fig. 5 Habitat utilization rate of Yellow-wattled Lapwing in different seasons; a spring b summer c rainy and d winter during the study period (January 
2019 to December 2023)
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Since, Malihabad had the most tree-covered and cul-
tivated area, they had the lowest bird count, but we had 
anticipated that the largest number of Yellow-wattled 
Lapwings in Bakshi Ka Talab, may be attributable to the 
higher uncultivated land cover offering optimal grounds 
for feeding and breeding. Large trees were home to a 
high concentration of tree-nesting species, while high 
woody canopy cover was avoided by ground-nesting Yel-
low-wattled Lapwings [35].

The GLM analysis showed that 2021 was the year with 
the largest number of Yellow-wattled Lapwings. Compa-
rable outcomes were noted for river lapwings [13] and 
spur-winged lapwings [36]. It’s likely that in 2021, the 
COVID-19 lockdown period created good environmen-
tal circumstances for Yellow-wattled Lapwing popula-
tion growth and development. The COVID-19 lockdown 
period might have a favourable impact on the distribu-
tion, behaviour, productivity and survival of many faunal 
species [37]. The degree of disturbance, the availability of 
resources, and bird breeding success are some of the rea-
sons that might be causing the difference in bird counts 
between years [38].

Yellow-wattled Lapwings were sighted more frequently 
in the summer season due to the pervasiveness of their 
breeding period (April to July) [39, 40]. This study coin-
cided with Mishra et al. [13] in river lapwings and Chara-
lambidou et al. [41] in spur-winged lapwings (Vanellus 
spinosus). Moreover, the food availability may constrain 
the number of birds, especially during the mating sea-
son [42, 43]. Due to singing, displaying and foraging, the 
most of bird species are frequently easier to see in the 
summer [44]. Out of four seasons, the chicks are mainly 
found near the nests and adults during the summer and 
rainy seasons.

The winter season had the lowest lapwing counts, 
according to our data. Pfeifer et al. [44] reported a simi-
lar outcome. Numerous resident bird species were nega-
tively impacted by the severe winter weather [18]. Birds 
will quickly perish from low temperatures if they are 
unable to modify their thermal regulation to match their 
increased energy demands [45]. Birds need more food 
throughout the winter to make up for the extra energy 
they need to keep their bodies at a constant temperature 
[46].

Food accessibility may be decreased in the winter 
because of the low temperatures, which cause prey to 
hide in layers of habitats to prevent freezing [47]. Prior 
research has also demonstrated a substantial seasonal 
link between changes in resource availability and the 
quantity and composition of waterbirds [48]. The quan-
tity of waterbirds changes greatly across years and sea-
sons due to both natural and manmade influences [49].

The results of the GLM analysis showed that unculti-
vated habitat types were the primary habitat types where 

Yellow-wattled Lapwings were found in the highest num-
bers. This is because uncultivated habitat offers optimum 
conditions for the birds to breed and feed [50]. Numer-
ous waterbirds showed comparable outcomes [51, 52]. 
During the breeding season, Yellow-wattled Lapwings 
prefer dry, open fallows or wasteland [39, 40]. Chalfoun 
and Schmidt [53] suggested that animals typically select 
breeding environments that maximize the likelihood of 
successful reproduction.

The Yellow-wattled Lapwing has an edge over other 
species in uncultivated habitats when it comes to con-
cealment and early predator detection. Many studies on 
various avifauna species have found similar findings [54, 
55]. Furthermore, uncultivated habitat types may provide 
appropriate feeding grounds and plentiful surface-active 
prey items for birds [50]. Being insectivore, Yellow-wat-
tled Lapwings are more common in uncultivated habitats 
and prefer to use pecking-feeding strategies to capture 
surface-active prey items [56, 57]. According to the spec-
ulations by Chapman and Reich’s [58], the vegetation’s 
structure could be the reason behind a habitat’s higher 
bird population. Wastelands or dry, open fallows with 
short swards can improve feeding by increasing food 
accessibility, reducing the risk of predation and reducing 
transportation costs [55, 59].

The GLM analysis’s findings also demonstrated that 
riverine habitat types had the lowest populations of 
Yellow-wattled Lapwings. A decrease in the number of 
Yellow-wattled Lapwings in riverine habitats may be 
attributed to the less availability of surface-active insect 
species, high water levels and the height of vegetation. 
Prateek et al. [60] found similar outcomes in Yellow-
wattled Lapwings. Since, have more aquatic invertebrates 
than surface-active invertebrates, they avoid feeding in 
river environments since it is time and energy-consum-
ing [57]. Reduced habitat heterogeneity, a lack of food 
and the increased danger of predators in natural settings 
could all be contributing causes to the reduction in spe-
cies populations observed with rising vegetation height 
[61]. It has been documented that certain bird species 
may grow, decline in number, or vanish when the habitat 
shifts owing to vegetation changes along intricate geo-
graphical and environmental gradients [62].

Distribution pattern
In this field investigation, flock range size varied signifi-
cantly in different seasons and habitat types. When two 
or more members of the same species stay together for a 
prolonged length of time and actively seek each other out 
to interact, they are said to form a flock [63]. The mean 
number of flocks was largest in uncultivated habitats 
during the summer season because of pair formation and 
grouping of birds, while it was lowest in river habitats 
during the winter season with scattered flocks. Similar 
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findings were reported in river lapwing [13] and in Yel-
low-wattled Lapwing [64]. In addition, a previous field 
study also addressed similar findings in American coots 
(Fulica americana) [65].

Since Yellow-wattled Lapwings were primarily 
observed in flocks; hence, they exhibited a clumped dis-
tribution pattern. A similar observation was reported in 
river lapwings [13]. Habitat conditions and food availabil-
ity have a significant effect on the distribution pattern of 
waterbirds [66–68]. Individuals in a clumped distribution 
tend to congregate in specific regions of the ecosystem. 
Several factors may lead to clumped distribution; for 
example, social behaviour, the surrounding environment, 
and resources like suitable habitats could be distributed 
in patches across the greater area [69].

Waterbirds have specific habitat preferences and their 
geographic distribution is dependent on the availability 
of food supplies [70–72]. Birds’ distribution is signifi-
cantly influenced by seasonality [61]. Seasonality affects 
the bird population’s food supply and cover, which influ-
ences breeding success and, ultimately, species survival 
[73]. The availability of different food items for birds is 
known to be impacted by seasonal variations in tempera-
ture, precipitation and spatial and temporal habitat con-
ditions [74]. Hutto [75] found similarities in the seasonal 
distribution patterns of many insectivorous bird species.

Habitat utilization
In this field study, we documented that uncultivated 
habitat was most utilized by Yellow-wattled Lapwings in 
all seasons. However, our findings suggested that uncul-
tivated habitat was used more frequently in the summer 
than in other seasons since Yellow-wattled Lapwings 
were found in higher abundance in the study area. The 
ideal combination of temperature, food availability and 
nesting opportunities might allow ground-nesting birds 
to raise their young throughout the summer season.

The lowest habitat utilization rate was estimated from 
river habitat type, particularly in winter due to the low 
density of this species. This might be because the season 
(winter) and habitat (river) combination were not used by 
Yellow-wattled Lapwings. Similar results for cattle egrets 
(Bubulcus ibis) and little egrets (Egretta garzetta) were 
reported by Lombardini and Tourenq [76].

Morrison et al. [77] found differences in the habitat 
utilization of bird species in the Blodgett Forest of the 
Sierra Nevada, California, between the summer and 
winter seasons. Hutto [75] also discovered notable varia-
tions in habitat utilization across the seasons in a study of 
migratory insectivorous birds in the Chiricahua Moun-
tains. The number and distribution of birds in the habi-
tat, which indicates the specific habitats they utilize, are 
influenced by seasonality and habitat types [61]. Due 
to ecological factors including climate, vegetation and 

elevations found in the region, certain bird species utilize 
particular habitats [61].

Furthermore, food, protection from predators and 
unfavorable weather might be considered the most essen-
tial factors for the habitat selection of birds [78]. While 
looking at broad spatial scales, numerous other studies 
have also reported a positive association between bird 
abundance and invertebrate prey density [79, 80].

Conclusion
In conclusion, our study found an average of 394 indi-
viduals including 77 chicks with an average density of 
38 birds per km. The largest number of Yellow-wattled 
Lapwings was recorded in 2021, which might have been 
due to the COVID−19 lockdown. During this period, 
the environment was more conducive to the improved 
growth and development of Yellow-wattled Lapwings. 
They were sighted more frequently in the summer sea-
son, while the winter season had the lowest lapwing 
counts. Finally, we conclude that the Yellow-wattled Lap-
wing population remained stable in recent years. Their 
distribution was not even, the lowest number of individu-
als were recorded in river habitats whereas uncultivated 
habitats had the highest count. Being sighted in flocks 
of various sizes, the distribution pattern was found to be 
clumped. Additionally, there was an uneven habitat utili-
zation, with uncultivated habitat being the most utilized, 
particularly in summer seasons.
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