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ABSTRACT

Agricultural landscapes provide a variety of habitats and support rich diversity of avifauna. Field surveys were
conducted from April 2015 to March 2016, following point-transect and direct observations to document diver-
sity and temporal variation of avifauna in agricultural landscapes of Panipat district of Haryana. A total of 99
bird species under 44 families and 15 orders were recorded, of which 79 were residents, 14 were winter migrants
and 6 were summer migrants. Bird species richness was highest for the order Passeriformes (46), followed by
Pelecaniformes (15) and rest 13 orders. Ardeidae was the most diverse family in the study area. Most bird spe-
cies were insectivorous (34) followed by carnivorous (26), omnivorous (24), granivorous (9), frugivorous (5)
and nectarivorous (1). Species richness, abundance, diversity and evenness differed significantly (P< 0.05) be-
tween seasons as well as among habitats. Four species are listed as Near Threatened in [IUCN Red List. More-
over, five species having a globally declining population trends were frequently observed in the study area. This
emphasizes that study sites are crucial habitat for bird species of conservation priorities. The present study is
expected to provide a baseline for future research on management and conservation of existing avian species in

agricultural landscapes.
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INTRODUCTION

Birds are potential ecological indicators of integrity and
stability of ecosystem structure and functions (Lawson
et al., 1998; Gregory et al., 2008). Species composition
in bird communities depends on the available resource
and varies with the landscapes across large geographical
areas. Characteristic bird assemblage in landscapes en-
ables predictions about the ecological health and possi-
ble deviations in the ecosystem functions (Whelan et al.,
2008; Sekercioglu, 2012). Birds are key component of
an agro-ecosystem and often execute varied functional
roles as pollinators, seed dispensers, scavengers, nutrient
depositors, predators of insect pests and rodents
(Dhindsa & Saini, 1994; Whelan et al., 2008; Seker-
cioglu, 2012). Because of the variety of ecological func-
tions performed by birds, they are considered a good
indicator of overall biodiversity in agricultural land-
scapes (Malhi, 2006; Birasal, 2014).

Birds are known to play a dual role as pests and as
biological control agents of insect pests in agro-
ecosystems (Ali, 1949; Dhindsa & Saini, 1994; Bianchi
et al., 2006). The agricultural landscapes provide a con-
centrated and highly predictable source of food to many
bird species in the form of grains, seeds, fruits, green
vegetation of the crop plants, grasses, weeds, insects,
other arthropods and rodents (Dhindsa & Saini, 1994;
Asokan et al., 2010). In agricultural landscapes most
bird species are insectivorous and have a potential check
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on harmful insects thereby are beneficial to agricultur-
ists (Asokan et al., 2010; Narayana et al., 2015). There-
fore, these insectivorous birds need to be encouraged
and conserved in the agricultural landscape by use of
proper management practices (Malhi, 2006; Narayana et
al., 2015). However, only limited information is avail-
able on the species diversity of the pests and beneficial
birds from agricultural fields in India (Dhindsa & Saini,
1994; Hossain & Aditya, 2016).

The state of Haryana in India, in the last few dec-
ades, has witnessed tremendous changes in its agro-
ecosystem owing to massive deforestation, intensive
agriculture and its mechanization, excessive use of pes-
ticides and fertilizers along with rapid urbanization and
industrial growth. All these anthropogenic activities
have resulted in several ecological changes in the agro-
ecosystems, which in turn have greatly affected the bird
fauna of the state. There is a need to study the commu-
nity structure and species diversity of birds of agro-
ecosystems in order to investigate the impact of chang-
ing natural habitat and agricultural practices (Mallik et
al., 2015). Assessment of bird assemblages is thus being
emphasized for monitoring ecosystem conditions and
functions (Bradford ez al., 1998; Browder et al., 2002).
Information on species richness and community struc-
ture of birds will enable conservation planning for sus-
taining birds without interfering with the objective of
intensive agricultural practices (Dhindsa & Saini, 1994;
Sundar & Kittur, 2013). Panipat is one of the
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Figure 1. Map of study area of Panipat, Haryana, India with location of study sites

agriculturally advanced districts of the state of Haryana,
India. Consequently, there is no data available on the
bird diversity in agricultural landscapes of the Panipat
district. In this context, the present study made an at-
tempt to record avifaunal diversity in agricultural land-
scapes of district Panipat, Haryana.

MATERIALS AND METHODS

Study Area

The present study was conducted in all the five develop-
ment blocks (Panipat, Samalkha, Israna, Bapoli and
Madlauda) of district Panipat( 29° 09° to 29° 27°N and
76° 38’ to 77° 09’ E), Haryana in northern India, taking at
least two study sites in each development block (Figure
1). It covers an area of 1268 km? Net area sown in the
district is 93000 ha which constitutes 71% of the total
area. Agricultural activities of the district are dependent
on tubewells and canals. The district is mainly drained
by the river Yamuna and its tributaries. Rice-wheat crop-
ping system dominates with the consequent marginaliza-
tion of pulses and oilseed. Sunflower and sugarcane are
also being grown in the study area as cash crops. The
study area experiences sub-tropical climate with three
major seasons i.e. rainy (July to September), a cool dry
(October to February) and the hot dry season (March to
June). Temperature is as high as 45°C in summer and as

low as 3° C in winter. The average annual rainfall in the
district is 467 mm.

Data Collection

Field surveys were conducted at two-week intervals in all
the study sites from April 2015 to March 2016, employ-
ing the point-transect method (Sutherland, 2006). One
km transect was laid at each study site and at every 200
m distance one point was marked and the birds species
were recorded in 20 m radius, and each point location
was surveyed 24 times during the entire study period. On
arrival at a survey point, an initial five-minute settling-
down period was used prior to counting the birds, and 10
-20 mins were spent at each point surveying the birds.
Birds were counted directly, aided by field binocular
(Nikon 8 x 40), during hours of peak activity 06:00 to
10:00 h and 16:00 to 18:00 h. In addition to these regular
surveys, opportunistic records of birds at other times
were also included to document a comprehensive check-
list. Birds were identified using field guides (Ali
&Ripley, 1987; Grimmett ef al., 2011). Taxonomic posi-
tion (Order and family), common and scientific names of
recorded species were accorded following Praveen ef al.
(2016). Based on their seasonal dispersal pattern in the
study area, birds were classified as resident, summer visi-
tor and winter visitor (Grimmett et al., 2011). We also
assigned a local status to each species on the basis of the
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percentage of frequency of sightings following
Mackinnon & Phillipps (1993) as common (C) - sighted
on 80-100% of field visits, fairly common (FC) - sighted
on 60-79.9% of field visits, uncommon (UC) - sighted
on 20-59.9% of field visits, rare (RA) - sighted on less
than 19.9% of field visits. For determination of the feed-
ing guilds, foraging birds were observed with the help of
binoculars in the study area. Feeding guilds were classi-
fied on the basis of direct observations and available
literature (Ali & Ripley, 1987). Conservation —status
of recorded bird species was assessed following Interna-
tional Union for Conservation of Nature (IUCN, 2019).
The global population trend of the species obtained from
the Red List of IUCN (2019) was compared with its local
status in the study area.

Data Analysis

Species richness was estimated by recording the number
of bird species encountered in the study area. Species
diversity was calculated using Shannon—Wiener’s index

(H) as
5
H= —Z pi Inpi
i=1

Where, H is index of species diversity, pi is the propor-
tion of the total sample belonging to the ith species and S
is the total number of species in the community.
Evenness index (E) was estimated using the following
formula:

E=H/InS,

Where, H is Shannon-Wiener's diversity index and S is
species richness.

The relative diversity (RDi) of bird families was calcu-
lated using the following formula as per Torre-Cuadros
et al. (2007):

Number of bird species in a family
EDi = - = 100
Total number of species

Species similarity between any two habitats was meas-
ured by Jaccard’s similarity index as
Jaccard’s similarity index (Cj-a/(a+b+c)

Where, a is number of species common to both the
habitats , b is number of species recorded in the first
habitat only and c is the number of species recorded only
in the second habitat.

Two-way analysis of variance (ANOVA) was used
to analyse the effect of two variables i.e. season and
habitat. Where statistically significant differences have
been found, we did pair wise multiple comparisons
(Tukey’s HSD test) to evaluate differences among the
five habitat types at 5% level of significance.

RESULTS AND DISCUSSION

A total of 99 species of birds belonging to 80 genera, 44
families and 15 orders were recorded during the study
period (Table 1).The study area supports about 19% of
bird species recorded from Haryana (Kalsi et al., 2019),
and 8% of species reported from India (Praveen et al.,
2016). The rich avian assemblage in the agricultural

landscapes can be corroborated with the varied micro-
habitats that appear to provide abundant food resources
and suitable roosting or nesting sites for migratory and
resident species. The observed richness of bird species is
comparable with earlier studies conducted in different
agro-ecological regions of India. For example, Malhi
(2006) recorded of 128 bird species from agricultural
habitat and other associated sub-habitats of Punjab.
Gupta and Singh (2014) recorded 79 species from agri-
cultural landscape in Yamuna Nagar district of Haryana.
Abdar (2014) observed 97 species of birds from agricul-
tural areas of Western Ghats, Maharashtra. Narayana et
al. (2015) recoded 104 species from Nalgonda district of
Telegana. Hossain and Aditya (2016) recoded occurrence
of 144 bird species from agricultural landscapes of Burd-
wan, West Bengal. Order Passeriformes (46 species) had
the highest species representation followed by Pelecani-
formes (15) and rest 13 orders. According to Praveen et
al. (2016), passerines (order Passeriformes) constitute the
most predominant avian taxon in India. In terms of fami-
lies, Ardeidae was the most diverse family in the study
area (8 species, RDi = 8.08) followed by Motacillidae (6
species RDi = 6.06). Moreover, 22 families- Podicipedi-
dae, Apodidae, Phalacrocoracidae, Recurvirostridae, Ja-
canidae, Strigidae, Bucerotidae, Upupidae, Picidae, Mer-
opidae, Coraciidae, Alcedinidae, Campephagidae, Orioli-
dae, Dicruridae, Nectariniidae, Passeridae, Alaudidae,
Acrocephalidae, Pycnonotidae, Sylviidae and Zosteropi-
dae were poorly represented in the study area with a sin-
gle species in each (RDi = 1.01; Table 2). Muscicapidae
is the largest bird family in India (Manakadan and Pittie,
2001). However, several studies have also found Ardei-
dae to be the most diverse bird family, particularly in
agricultural landscapes, sub-urban areas and wetlands in
India (Basavarajappa, 2006; Gupta & Singh, 2014, Dal
&Vaghela, 2015; Mukhopadhyay & Mazumdar, 2017).
Among the recorded species in different agricultural
landscapes of the study area, 36 species (36.36%) were
common to all the five habitats, while 63 species
(63.63%) were spotted at some specific habitats. The
similarity in species composition of bird assemblage as
measured by Jaccard’s similarity index, among the five
selected agricultural landscapes is shown in Table 3.
These results revealed that Panipat and Israna block
(0.676) showed maximum similarity in bird communi-
ties, while species similarity of Bapoli with Madlauda
was recorded to be minimum (0.518). This highest spe-
cies similarity recorded between Panipat and Israna land-
scapes might be attributed to habitat similarity. Habitat
proximity and similarity have been reported to determine
species diversity and similarity of birds among habitats
(Tubelis & Cavalcanti, 2001; Zeleke et al., 2015;
Andrade et al., 2018).

Of the total 99 bird species, 79 (79.79%) were
residents, 14 (14.14%) winter migrants and 6 (6.06%)
were summer migrants. Species richness, abundance,
diversity and evenness of birds differed significantly (P <
0.05) between seasons as well as among habitats (Table
4). This significantly higher species richness, species
diversity and abundance of birds registered during the
winter season compared to summer season might be re-
lated with arrival of more migratory birds (Rajashekara
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Table 2. Relative diversity index (RDi) of bird families in agricultural landscapes of District Panipat, Haryana, India

Bird families Number of Relative diversity
species index ( RDi)
Ardeidae 8 8.08
Motacillidae 6 6.06
Columbidae, Cuculidae, Muscicapidae 5 5.05
Accipitridae,Cisticolidae, Hirundinidae, Sturnidae 4 4.04
Phasianidae,Ciconiidae, Threskiornithidae,,Corvidae, Ploceidae, Leiothrichi- 3 3.03
dae
Rallidae,Charadriidae, Scolopacidae, Ramphastidae,Psittaculidae, Laniidae, 2 2.02
Estrildidae
Podicipedidae, Apodidae, Phalacrocoracidae, Recurvirostridae, Jacanidae, 1 1.01

Strigidae, Bucerotidae, Upupidae, Picidae, Meropidae, Coraciidae, Alcedini-
dae, Campephagidae, Oriolidae, Dicruridae, Nectariniidae, Passeridae, Al-
audidae, Acrocephalidae, Pycnonotidae, Sylviidae, Zosteropidae

Table 3. Jaccard’s similarity index (C;) for bird communities in different agricultural habitats of the study area

Habitat Panipat Samalkha Israna Bapoli Madlauda
Panipat - 0.612 0.676 0.640 0.583
Samalkha - - 0.585 0.670 0.543
Israna - - - 0.595 0.672
Bapoli - - - - 0.518

& Venkatesha, 2014). Species richness of resident birds
showed no significant variation between seasons and
remained same during the study period. The winter mi-
gratory birds start appearing at study area from October,
reached a peak in the month of January, then start declin-
ing and leave the agricultural landscapes by March, fly-
ing back to their breeding grounds.

Species richness (65.67 +4.46) and species diver-
sity (3.77 £0.05) at Bapoli block was significantly higher
than that of remaining agricultural habitats except at
Samalkha (Tukey’s HSD test, P< 0.05) as shown in Ta-
ble 4. However, species evenness was recorded to be
maximum (0.93£0.03) in the Madlauda landscape and it
was significantly (P< 0.05) higher than that of the re-
maining landscapes except Israna. From the observations
it is evident that the species richness and diversity of the
birds varied within the geographical area considered in
the present study. The difference in bird diversity across
different habitats might be associated with availability of
food, roosting and nesting sites, predation pressure and
disturbance (Hossain & Aditya, 2016). Crop composition
and farming intensity also influence the species richness
and abundance of birds in the agricultural fields
(Cunningham et al., 2013; Malik et al., 2015). The high-
est richness and diversity recorded in the Bapoli block
compared to other landscapes could be due to habitat
heterogeneity. The patches of tall wooded trees, scrub
and bushy type stumpy vegetation, grasses and the wet-
lands (river Yamuna) around the agricultural fields con-
tributed to the heterogeneity of landscape, and aug-
mented resource variety to sustain different bird species.
In contrast, agricultural landscape of Madlauda being in
the vicinity of industrial area (Thermal Power Plant of
Panipat) showed lowest species richness (Hossain &
Aditya, 2016).

The quality and quantity of food available is the key fac-
tor that determines the spatio-temporal distribution and
relative abundance of birds in a given habitat
(Rajashekhra & Venkatesha, 2014; Mukhopadhyay &
Mazumdar, 2017). As far as foraging habits of birds in
the study area are concerned, six major feeding guilds
were identified (Figure 2). Majority of the bird species
were insectivorous (34) followed by carnivorous (26),
omnivorous (24), grainivorous (9), frugivorous (5) and
nectarivorous (1). The results of present study are in con-
sistent with previous records that insectivore is the domi-
nant feeding guild in agricultural landscapes in India
(Rajashekhra & Venkatesha, 2014; Narayana et al.,
2015). Majority of insectivorous birds belonged to Mo-
tacillidae (6 species) and Muscicapidae (5 species). The
characteristic bird assemblages in agricultural landscapes
of Panipat, India also reflect possible variation in their
ecological roles, feeding habits and resource utilization
pattern. Most bird species in agricultural landscapes were
insectivorous, indicating rich abundance of insects there.
These insectivorous birds play a crucial role in the bio-
logical control of various insect pests thriving in agricul-
ture, horticulture and forests (Mahabal, 2005; Thakur et
al., 2010). The indiscriminate use of chemical insecti-
cides and pesticides in agricultural fields could have se-
vere ecological consequences and a grave effect on the
avifauna of the study area. Hence, these insectivorous
bird species should be conserved in the agricultural land-
scapes by use of appropriate management practices
(Malhi, 2006; Narayana et al., 2015).

Among the recorded avifauna, Painted Stork
(Mycteria leucocephala), Black-necked Stork
(Ephippiorhynchus  asiaticus), Oriental White Ibis
(Threskiornis melanocephalus) and Alexandrine Parakeet
(Psittacula eupatria) are near threatened species, while
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Table 4. Temporal variation in species richness, abundance, diversity and evenness of avifauna in the study area

Habitat Diversity indices (mean+ SE)
Number of birds Species richness Diversity Evenness
Panipat Summer 189.17 +21.18 51.67 +2.58 3.58 £0.09 0.91 £0.02
Winter 251.00 +£35.35 56.50 +3.45 3.72 £0.08 0.92 £0.01
Both 220.08°+42.60 54.08° +3.85 3.65" +0.11 0.92% +£0.02
Samalkha Summer 244.33 £35.12 60.50 £1.64 3.70 £0.07 0.90 £0.01
Winter 307.50 £37.72 67.17 +2.93 3.76 £0.07 0.89 £0.01
Both 275.92°+47.91 63.83°+4.15 3.73%+0.07 0.90% +0.01
Israna Summer 159.33 £23.03 47.00 £1.79 3.50 £0.10 0.91 £0.02
Winter 234.67 +£33.74 52.50 £1.64 3.73 £0.10 0.94 £0.01
Both 197.00 +48.02 497594331 3.62% +0.15 0.93%+0.03
Bapoli Summer 287.00 £38.12 62.00 £1.41 3.75 £0.04 0.91 £0.01
Winter 355.50 +£39.27 69.33 +3.08 3.79 +0.05 0.89 £0.00
Both 321.25%+51.39 65.67" +4.46 3.7740.05 0.90%+0.01
Madlauda Summer 136.17 £28.75 4433 £2.80 3.4440.11 0.91 £0.02
Winter 225.33 +£35.28 47.67 +1.75 3.69 £0.06 0.96 £0.01
Both 180.75% +55.77 46.00° +2.83 3.57°€+0.16 0.93 £0.03
ANOVA Season 69.35 79.00 50.54 13.94
F-value Habitat 36.91 153.50 13.39 14.75
P-value Season 0.00* 0.00* 0.00* 0.00*
Habitat 0.00* 0.00* 0.00* 0.00*

*-significant differences were found at 5% level of significance. Results in a column followed by different letters indicate
significant differences among different habitats at 5% level of significance. Results in a column followed by same letters indi-
cate non-significant differences among different habitats at P>0.05 (Two-way ANOVA and Tukey’s HSD post-hoc test).
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Figure 2. Feeding guilds of bird species recorded in agricul-
tural landscapes of district Panipat, Haryana, India

the remaining 99 species are categorized as least concern
in the Red List of IUCN (2019). Data on local abundance
revealed that 23 species were common, 35 species were
fairly common, 24 species were uncommon and 17 spe-
cies were rare in the study area. When this local status
was compared with global population trend of the spe-
cies, it was found that five species having a globally de-
clining population trends (Rock Pigeon, Indian Black
Ibis, Common Sandpiper, Common Hoopoe and Rufous
Treepie) were recorded to be common in our study area
(Figure 3), which indicates that suitable resources for
these avian species are still available in these agro-
ecosystems. These species must be prioritized for regular
and long-term monitoring from a global bird conserva-
tion perspective.
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Figure 3. Comparison of local status of avian species
in selected agricultural landscapes of District Panipat
with its [UCN global population trend.

Documentation of the species richness and composition
of birds in a particular landscape is crucial to assess its
ecological importance. Species-specific roles and eco-
logical services facilitate prioritization of the steps to-
wards conservation of the bird species and sustenance of
the ecosystem services, which in Indian context are far
from being complete (Dhindsa & Saini, 1994; Sundar &
Kittur, 2013; Hossain & Aditya, 2016). In this context,
the present study is the first scientific documentation of
the assemblage and richness of avian species in agricul-
tural landscapes of district Panipat, Haryana.

CONCLUSION

From the present study, it can be concluded that the se-
lected agricultural landscapes support a rich diversity of
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avifauna including resident and migratory species as well
as species on conservation priorities. Our findings on
avian diversity can be used as a baseline for further re-
search on conservation and management of existing bird
species in agricultural landscapes. Long-term monitoring
of bird species should be continued in the study area,
focusing on seasonal abundance, habitat use, nesting and
breeding ecology, to supplement holistic approach of
conservation and management strategies for sustenance
of ecosystem services derived from birds.
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