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Abstract

Understanding the foraging ecology of wetland birds is essential for effective conservation and management strategies. The
present study aimed to explore wetland birds' foraging guild structure, habitat characteristics and foraging techniques. The
study was conducted at Dighal wetlands, an important bird area (IBA) in the Jhajjar district of Haryana, India, from April 2021 to
March 2023. Ninety species of wetland birds, representing 23 families and 12 orders, were identified, with 30 being residents, 4
summer migrants, and 56 winter migrants. Utilizing multivariate techniques, birds were categorized into four foraging guilds
(carnivores, herbivores, omnivores, and insectivores) and five distinct habitats (Terrestrial land, Agricultural land, Marshland,
Shallow water, Deepwater). Marshland (70) recorded the highest number of species, followed by shallow water (65), agricultura
land (45), terrestrial land (43), and the least observed in deep water (31). Carnivores constituted the dominant group (43.3%),
followed by omnivores (30%), insectivores (20%), and herbivores (6.7%). Dabbling (18) emerged as the predominant foraging
technique, followed by pecking (17), picking (16), probing (14), and others. The Dighal wetland emerged as a crucial resource
for diverse bird species, serving as an important wintering ground and food source. This study deepens the present understand-

ing of avian guild structure and offers valuable insights for conservation strategies to safeguard wetland bird populations.
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INTRODUCTION

Understanding the intricate relationship between habitat
heterogeneity and species richness is fundamental for
comprehending spatial ecology. Key ecological pro-
cesses, profoundly influenced by habitat variability, im-
pact species behaviour, distribution, and community
structure (Fahrig and Nuttle, 2005; Stein et al., 2014),
with the composition of bird guilds and community fea-
tures serving as crucial ecological indicators of habitat
condition and heterogeneity (Canterbury et al., 2000;
Chatterjee et al., 2020). The classification of avian com-
munities into foraging and habitat guilds has proven to
be an effective tool in unraveling the structure and dy-
namics of avian populations within diverse ecosystems
(Thiollay, 1995; Clough et al., 2009). Bird species show
a spectrum of behaviours related to foraging, move-
ment, and habitat preference, all intricately linked to the
availability of resources in their environment (Holmes
and Recher, 1986). The preference of birds to live in

heterogenous habitat best suits their other behaviour
such as perching, nesting, foraging and roosting (Berg,
2002; Veech et al, 2011; Sekercioglu, 2012). The
availability of diet and food exploitation methods
(Albrecht and Gotelli, 2001; Palmer et al.,, 2003) in a
specific habitat determines avifaunal distributions
(Evans and Dugan, 1984) and the structure of the com-
munity (Bonilla et al., 2012). Information about utiliza-
tion of resources (Kattan and Franco, 2004), habitat
preferences and evaluation of feeding guilds of wetland
bird species are important to analyze their responses
towards habitat change and for conservation manage-
ment strategies (Sekercioglu, 2006).

Consequently, the assemblage of bird species within a
particular guild is influenced by a variety of environ-
mental conditions. Studies on bird feeding guilds help
to elucidate the complex ecosystem structure and in-
crease our understanding of the habitats within that
ecosystem (Rathod and Padate, 2017). Food availabil-
ity is crucial for avian survival, growth, and successful
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reproduction (Dodge et al., 1990; Ruffino et al., 2014).
Raising water levels facilitate substrate penetration and
increase invertebrate activity, which increases prey sus-
ceptibility to wader predation (Kumar et al., 2021).
Despite the ecological importance of wetland bird spe-
cies, a knowledge gap exists regarding information on
the foraging behaviour and foraging techniques of wet-
land birds in Haryana, particularly in districts like Jhaj-
jar. Notably, Dighal wetlands in Jhajjar district boast a
rich array of wetland habitats, attracting many water
birds, especially migratory species, during winters. This
study aimed to address the scarcity of data on the sta-
tus of wetland birds in Dighal wetlands, district Jhajjar,
with a specific focus on documenting the foraging be-
haviour of wetland bird species.

MATERIALS AND METHODS

Study area

The research was conducted in the Dighal wetlands
(28° 22'- 28° 49’ N & 76° 18- 76° 59’ E), situated in the
Beri tehsil of Jhajjar district, Haryana, North India (Fig
1). Spanning approximately 131.5 hectares, the Dighal
wetlands encompass a network of variable pond sizes

alongside extensive wet fields that have remained inun-
dated for several years due to elevated water table and
waterlogging conditions in the Dighal village. Situated
on the Central Asian Flyway, these wetlands are im-
portant wintering habitats for numerous migratory bird
species and are renowned as a popular destination for
bird-watching enthusiasts. Recognized as a crucial site
for avian conservation and biodiversity, the Dighal Wet-
lands holds the designation of an Important Bird and
Biodiversity Area (IBA) in India, identified with the IBA
code IN-HR-06 by the ENVIS Centre on Wildlife and
Protected Areas (Rahmani et al., 2016; Parul and Ku-
mar, 2023). Throughout the research duration, eight
particular wetland locations were identified within the
study area for conducting bird surveys, with each site
carefully selected to represent various facets of the
wetland ecosystem (Fig 1). The agricultural landscape
surrounding Dighal village is characterized by a diverse
range of crops, including wheat, rice, maize, sugar-
cane, and mustard. Additionally, common tree species
such as Eucalyptus, Syzygium, Acacia, and Ziziphus
contribute to the vegetation composition of the area.
The study area is experiencing subtropical climate, fea-
turing three distinct seasons: the cool dry season
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Fig. 1. Study area showing eight sites (S1-S8)
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(October to February), the hot dry season (March to
June), and the rainy season (July to September). Sum-
mer temperatures can reach up to 45°C, while winter
temperatures may drop to 6°C. The average annual
rainfall in the district is recorded at 444 mm.

Methodology

Wetland bird survey was conducted every two weeks
from April 2021 to March 2023, employing the point
count method (Bibby et al., 2000). Four to six fixed
points were strategically positioned along the perimeter
at each study site, with a minimum distance of 250 me-
ters between each point. These points were surveyed
forty-eight times over the duration of the study period.
Upon reaching each designated point, a settling period
of five minutes preceded the commencement of bird
recording activities. Wetland bird species were ob-
served for 10 minutes at each point, using Nikon 10x50
field binoculars. Observations were conducted during
peak avian activity hours, typically between 06:00 to
10:00 in the morning and 16:00 to 18:00. Additionally,
opportunistic bird observations were conducted by
scanning the periphery of the selected wetlands at oth-
er times, contributing to a comprehensive documenta-
tion of the avifauna in the area. Birds were identified
using field guide Grimmett et al. (2016). The taxonomic
position (family and order), common names and scien-
tific names of the recorded bird species followed the
checklist provided by Praveen and Jayapal (2023).
Feeding guilds and foraging behaviour techniques were
categorized based on the combination of direct obser-
vations with focal sampling methods and as per the
description given by Ali and Ripley (1987). A detailed
record of each bird species was maintained, including
their food preferences, foraging techniques, and habitat
utilization in the study area. Photographs were cap-
tured using Nikon D500 DSLR camera mounted with a
2X telephoto lens and 70-200 mm zoom lens. Guild
classification was determined based on the food prefer-
ences of the observed bird species, categorizing them
into Carnivore (feeding primarily on non-insect inverte-
brates and vertebrates), Omnivore (feeding both on
plant parts and other animals), Insectivore (species
feeding only on insects) and Herbivore (feeding on
plants matter, algae). Moreover, a comprehensive clas-
sification of wetland birds into 21 foraging techniques
was established through direct observations and a re-
view of existing literature (Cornell Lab of Ornithology,
2023) and is represented in Table 1.

Statistical analysis

A cluster analysis using the Unweighted Paired Group
Method with Arithmetic Mean (UPGMA) was conducted
with Jaccard's similarity index based on species pres-
ence or absence in specific habitats. The analysis was
performed using PAST version 3.26 software.

RESULTS AND DISCUSSION

A total of 90 wetland bird species distributed across 12
orders, 23 families, and 62 genera were identified in
the study area. These species were systematically
studied to understand their feeding guilds and foraging
techniques within the selected wetlands. Among the
documented species, the order Charadriiformes exhib-
ited the highest species richness (24 species), followed
by Anseriformes (19 species) and Pelecaniformes (12
species) (Table 2). Within the wetland bird community,
the Anatidae family emerged as the most abundant,
with 19 species accounting for 21.1% of the total spe-
cies richness observed. The Scolopacidae family was
identified as the second most diverse, comprising 13
species, while the Ardeidae family ranked third in diver-
sity. However, 8 bird families, including Phoenicopteri-
dae, Podicipedidae, Anhingidae, Jacanidae, Burhini-
dae, Accipitridae, Pandionidae, and Meropidae, were
poorly represented, each registering only one species
in the study area.

Dominance of the order Charadriiformes in species
richness underscores the importance of this group
within wetland ecosystems, likely due to their adapta-
tion to various aquatic habitats and foraging strategies.
These findings align with previous studies conducted in
various Indian wetland habitats such as Khaparwas
bird sanctuary, Haryana (Gupta ef al., 2012); Basai
wetlands Gurugram district, Haryana (Rai et al., 2017);
Komaranahalli Lake, Karnataka (Harisha and Hosettii,
2018); Purbasthali oxbow lake, West Bengal (Mandal
et al., 2021). The prevalence of the Anatidae family as
the most abundant group further highlights their signifi-
cance in wetland bird communities, representing a con-
siderable portion of the total species richness ob-
served, which is consistent with broader trends record-
ed in different wetlands across India such as Asan wet-
land, Uttarakhand (Malik and Joshi, 2013); wetland on
river Yamuna (Manral and Khudsar, 2013); Gharana
wetland (Reserve), Jammu (Sharma and Saini, 2014);
wintering wetlands from Uttar Pradesh (Jha and McKin-
ley, 2015); man-made sacred ponds of Kurukshetra
(Kumar and Sharma, 2018); unprotected wetlands of
Ayodhya district, Uttar Pradesh (Yashmita-Ulman and
Singh, 2022).

Based on habitat preferences, wetland bird species
were classified into five habitat guilds, with marshland
recording the highest species richness (70), followed
by shallow water (65), agricultural land (45), terrestrial
land (43), and deep water (31). The cluster analysis
using Unweighted Paired Group Method with Arithme-
tic Mean (UPGMA) revealed the highest similarity be-
tween marshland and shallow water habitats, whereas
deep water habitats demonstrated the greatest dissimi-
larity compared to agricultural land (Fig 2).

The classification of wetland bird species into habitat
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Table 1. Description of foraging techniques observed in wetland birds in the study area

S.No. Foraging techniques Description
1. Grazing (G) Feeding on grasses, sedges or their seeds in fields or meadows.
2 Striking (S) E(l)r: uses its beak and neck to swiftly hit its target after making a stalking mo-
3 Upending (U) When a bird uses the 'tipping' or upending technique, its tail and legs remain
) P 9 above the water's surface while it is partially immersed in a vertical position.
4. Catching (C) Catching/ Hawking involves catching of flying insects in the air.
5 Filtering (F) The bill was retained on the water's surface plane to filter the water for food
’ 9 particles, submerging only the mandible.
6. Dabbing (Da) i?lzbb“ng or ‘tipping up’ involves dipping of bill and head under water for forag-
7 Picking (Pi) Yer:en the birds collected any food, it was visible on top of the muddy substra-
. The bird penetrates its beak into the mud strata by less than one-quarter of bill
8. Pecking (Pe) length and pulls it out repeatedly.
9 Probing (Pr) The bird lowers its beak into the mud and browse through the mud strata. At
’ 9 times, it withdraws the beak a little and probes at an adjacent location.
. This technique involves foraging in shallow water, scything their bills from side
10. Scything (Sc) to side cutting through vegetation or water to capture prey.
. Fishes are sometimes caught by being stabbed with one or both mandibles with
. Stabbing (SY) a rapid jerk or force.
12. Skimming (Sk) Flying low over water to pick food items using beak.
13. Diving (Di) When the swimming bird dives into the water, the observer cannot see it.
14. Plunge Diving (PD) Diving head first into water from overhead flight or perch in order to catch fish.
. A nearly vertical plunge dive with wings half- folded and feet thrown in water
15. Foot Plunging (FP) just before diving. o | . | .
16. Foot Trembling (FT) ﬁltsoorggg\évn as foot stirring is rapid shaking of one leg at a time to disturb prey
17. Standing Still (SS) tSht:r:rc]iLijrzjgsst:gltgr stalking involves visually inspection of immediate surrounding in
18. Tactile Technique (TT) \-/rvg?e?lrd walks forward in shallow water holding its partially open bill under the
. It involves skimming along the surface of the water with the neck stretched out
19. Surface Feeding (SF) and the bill parallel to the water.
20. Sweeping Bill (SB) Lateral or sidewise sweep of the bill to find the food.
1. Walking Slow (WS) The bird walks very slowly and cautiously without disturbing water and attacks

the opportunistic prey nearby.

guilds revealed marshland as the preferred habitat,
consistent with previous studies highlighting the im-
portance of marshes for avian biodiversity especially for
wading birds (Kumar and Sharma, 2019; Yashmita-
Ulman and Singh, 2022). The clustering analysis fur-
ther elucidated the similarities and dissimilarities be-
tween different habitat types, providing valuable infor-
mation for habitat management and conservation ef-
forts. Most species of the Anatidae family used both
shallow water and deep water as their feeding habitat,
consistent with the earlier study in urban perennial wet-
lands of West Bengal by Mukherjee and Roy (2021).

The wetland bird species documented in the study
were classified into four distinct foraging guilds based
on their primary dietary preferences. Among these
guilds, carnivores emerged as the most prevalent, com-
prising 39 species, followed by omnivores (27 species),
insectivores (18 species), and herbivores (6 species)
(Fig. 3). Analysis revealed that marshland was identi-

fied as the most preferred habitat for carnivore wetland
birds. In contrast, herbivores exhibited the least prefer-
ence for agricultural land, while omnivores predomi-
nantly occupied terrestrial land. Additionally, insecti-
vores and carnivores showed higher frequencies in
deep water habitats compared to other guilds.

These findings align with previous records, highlighting
carnivorous as the most represented feeding guild in
freshwater wetlands such as Keshopur wetland of Pun-
jab (Jangral and Vashishat, 2023); man-made sacred
ponds of Kurukshetra, Haryana (Kumar and Sharma,
2018); unprotected wetlands of Ayodhya district, Uttar
Pradesh (Yashmita-Ulman and Singh, 2022); river Gan-
ges in district Rae Bareli, Uttar Pradesh (Mishra et al.,
2016) and Mandothi wetlands, Haryana (Rai and
Yadav, 2023). This finding suggests the importance of
diverse prey availability in the form of amphibians, crus-
taceans, fishes, reptiles, and other non-insect inverte-
brates played a crucial role in shaping the distribution
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Fig. 2. Cluster analysis based on Jaccard’s similarity index using unweighted paired group method with athematic mean-
UPGMA showing similarity of wetland bird species composition in different habitat in Dighal wetlands of Jhajjar district of
Haryana (TL: Terrestrial land; AL: Agricultural land; ML: Marsh land; SW: Shallow water; DW: Deep water)
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Fig. 3. Richness of wetland bird species belonging to different foraging guilds in the study area

and abundance of carnivorous species within wetland
ecosystems (Kumar and Gupta, 2013; Kumar and
Sharma, 2018; Sohil and Sharma, 2020; Rai and Van-
ita, 2021). The presence of a thriving carnivorous guild
is further supported by the surrounding irrigated crop
fields, which contribute to an enhanced food supply in
the form of diverse fauna (Sohil and Sharma, 2020).

A total of 21 distinct foraging techniques were utilized
among the wetland bird species. Dabbling emerged as
the most commonly employed technique, documented
in 18 species, followed by pecking (17 species), picking
(16 species), and probing (14 species). Upending tech-
nique was also observed (11 species), while diving and
catching (8 species each). Other techniques, such as
foot trembling, were recorded in 6 species, grazing (5
species), and various other techniques were document-
ed as well (Fig. 4). Certain foraging techniques were
found to be exclusive to specific bird species. For in-
stance, filtering was observed solely in flamingos, while
stabbing was unique to the Oriental Darter, and sweep-
ing bill movements were characteristic of Eurasian
Spoonbills.

The documentation of 21 distinct foraging techniques

among wetland bird species further underscores the
diverse array of feeding behaviors exhibited within the
study area. Dabbling was the most prevalent foraging
technique used by wetland birds in the study area. Oth-
er foraging techniques, such as upending, striking,
picking, pecking, and grazing were also observed, con-
sistent with previous studies (Mukherjee and Roy,
2021). Certain foraging techniques such as filtering,
stabbing and sweeping bill observed in specific species
highlight the importance of niche specialization in shap-
ing the ecological roles of individual bird species within
wetland ecosystems. These findings align with earlier
observations, such as the filtering foraging technique
observed in flamingos by Zweers (1995), stabbing ob-
served in the Oriental Darter by Orta et al. (2020), and
sweeping bill foraging in Eurasian Spoonbill by Swen-
nen and Yu (2008).

Upon comparing the foraging guilds with the habitat
preferences, it was revealed that marshland showed
the most preferred habitat for the wetland birds (Fig. 5).
Also, the least preferences were documented as herbi-
vores on agricultural land, omnivores on terrestrial land,
insectivores and carnivores in the deep water. Notably,
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Fig. 4. Distribution of wetland bird species across various foraging techniques in Dighal wetlands of Jhajjar district, Haryana
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Fig. 5. Comparative analysis of foraging behaviour and habitat preferences among wetland bird species recorded in

Dighal wetlands of Jhajjar district, Haryana

the intricate web of interactions within wetland ecosys-
tems, particularly among diverse feeding guilds of wet-
land birds, underscores the importance of understand-
ing and conserving these vital habitats. By unravelling
the complexities of feeding guild dynamics, the study
paves the way for informed conservation strategies that
safeguard the avian residents and the delicate balance
of wetland ecosystems.

Conclusion

The documentation of 90 bird species across 12 or-
ders, 23 families, and 62 genera underscores the sig-
nificance of the Dighal wetlands as a vital habitat for
wetland birds. The Charadriiformes order and the Anat-
idae family exhibit the highest species richness. Marsh-
lands emerged as the most preferred habitat, support-
ing the largest number of species, while deep water
habitats showed the greatest dissimilarity compared to
agricultural land in terms of bird species distribution.
Carnivores were identified as the most prevalent feed-
ing guild, followed by omnivores, insectivores, and her-
bivores, with marshlands serving as the primary habitat
for carnivorous species. The study also documented a

diverse range of foraging techniques, with dabbling
being the most common, reflecting the varied foraging
strategies employed by wetland birds. These findings
emphasize the ecological importance of the Dighal wet-
lands, not only as a crucial feeding ground for a wide
variety of bird species but also as a dynamic ecosys-
tem that fosters an array of foraging behaviours and
guilds. The insights gained from this research can in-
form conservation management strategies to preserve
these wetlands' biodiversity and ecological integrity,
which are essential for resident and migratory bird
populations. Sustainable management practices are
critical for maintaining the intricate ecological
interactions and ensuring the long-term health of wetland
bird communities.
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