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Abstract

The present study aims to understand the foraging habitat
and assembtages of the aerial insectivores in the coastat
Raigad district, Maharashtra. The study was conducted in
the five coastat tatukas of Raigad District; (1) Alibag, (2)
Roha, (3) Murud, (4) Mhasta, and (5) Shrivardhan. The
random survey was conducted in the study sites using
vehictesand motorized dugout dingies tooking for the birds
feeding on the aerial insects between 0600 and 1800 hours.
Totat five species were recorded during the survey, namety;
Littte Swift (LS) (Apus affinis), Asian Palm Swift (APS)
(Cypsiurus batlasiensis), Barn Swattow (BS) (Hirundo
rustica), Wire-taited Swaltow (WTS) (Hirundo smithii),
and Dusky Crag Martin (DCM) (Ptyonoprogne concotor).
Alt the species were distributed throughout the coastat
region of Raigad. APS was the most abundant and widety
distributed among alt the aeriat foragers, whereas the WTS
was the teast encountered during the survey. The
encountered species were distributed in different habitats.
However, alt the species were active over the deciduous
forest. We also observed assembtages of APS and BS
whereas, DCM and WTS forage only within the species
group. We recommend a further detaitled study to
understand the foraging ecology of aerial insectivores in
coastatand infand regions of Maharashtra.

Introduction:

What an animat feeds on? Is an essential component of
understanding many ecotogicat issues, including energy
ftow, competition, and adaptation. Foraging behaviour is
cruciat for an animat’s survivat (Kitpatrick et al., 2020) and
thus, forms a centrat concern of ecotogy (Kamit et al., 1987).
Foraging depends primarity on the food resources’
avaitabitity inftuencing the abundance, distribution, and
habitat suitabitity (Adamik et al. 2003).

In birds, food setection and feeding strategies
determine the guitd of a particutar species. The ecotogy and
evotution of bird communities are the basis of their dietary
adaptations (Cody & Diamond, 1975). These dietary
preferences can be broadly quantified into an ecotogicat
niche that represents the diet of a bird species. In the bird
community or taxonomical group, a more acceptable
classification as the subset of the niche is calted the guitd.
The guild concept was apptied to the different groups of
species in various fietds of study (Root, 1967; Simbertoff &
Dayan 1991). The knowledge of guilds can expfain the

refationship between bird communities and habitats
(Verner, 1984). Avian dietary guild and species richness
differ in fatitudinal, environmentat, and biogeographic
variations (Primack & Cortett 2005). Guild classification of
various species is associated with specific food resources
and specific feeding strategies. Based on their feeding guitd,
the birds are categorized as herbivores, granivores,
frugivores, nectarivores, aerial insectivores, terrestriat
insectivores, carnivores, scavengers, and omnivores.
Among insectivores, aerial insectivores are comprised
of the birds, white flying, feed on insects. Swifts, swiftlets,
treeswifts, swallows, and martins are some of the known
aeriat insectivores. The aerial insectivores are distributed
worldwide, in alt the biogeographic zones and aft the
possibte habitats known. The members of Apodidae and
Hirudinidae use simifar habitats. Swifts and swiftlets are
cotonial bird species that nest together in big cotonies
where the Treeswift, swattows, and martins have dispersed
nesting (Waugh, 1978). These species are aerial foragersand
are often seen in mixed ftocks (Snapp,1976). White foraging
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in mixed flocks, these birds hunt the insects at different
heights to reduce the competition and avoid niche overtap
(Wiens, 1989). The niche overtap depends on the resource,
whether they are abundant (Gonzalez-Sotis et al., 1997).
Hence, it is essentiat to study the diet and niche overtap to
understand the species' co-occurrence with a simifar
ecotogicat and morphotogicat feature (Gonzatez-Sotis et
al.,1997; Garcia & Arroyo, 2005).

Aerial insectivore is the teast studied guitd of birds in
India. India has around 34 known aeriat insectivorous birds
(Grimmett et al., 2014). Amongst alt the aerial insectivores,
swiftlets (family- Apodidae) in the Andaman and Nicobar
Istands are the only ones that received attention from the
researchers. Plume-toed Swifttet (PTS) (Collocalia affinis)
and the Edible-nest Swifttet (ENS) (Aerodramus
fuciphagus inexpectatus) are restricted to the Andaman
and Nicobar Istands in the Indian Territory (Sankaran &
Manchi, 2008; Grimmett et al., 2014). Recently, foraging
habits and habitats of PTS and the ENS are welt
documented from the Andaman Istands (Manchi &
Sankaran, 2010). This study indicated that swiftlet foraging
habits vary temporatty and seasonally and might be in
response to change in the food supply. This study was
conducted to contribute towards the conservation of the
Edibte-nest Swifttet in the Istands. No other Indian studies
attempted to understand the other aerial insectivores in
such details, even though we have species tike Indian
swifttet (Aerodramous unicolor) and Dark rumped swift
(Apus acuticauda) with national and internationat
conservation importance. Knowing the tack of knowledge
regarding aeriat insectivores in mainfand India, the present
studywas conducted as part of the farger project concerning
the conservation of the Indian Swifttet in the Western
Ghats of Maharashtra. Indian Swiftlet is believed to be
under threat by anthropogenic interference and therefore
included in the Schedute-I of Indian Wildtife (Protection)
Act, 1972. The discussed study aimed to understand the
diversity, distribution, and foraging habitats of the aeriat
insectivores in the coastat regions of the Raigad district of
Maharashtra. As the region has eartier records of roosting
and foraging Indian Swiftlet, the study was conducted to
understand the other aerial insectivores competing with
the Indian Swifttet in terms of the foraging habitat. The
study's outcome was expected to contribute towards
strategizing the conservation measures for the Indian
Swiftlet.

Methodology:

Study region: The population of the Indian Swiftlet is
known to be restricted to the coastal regions in
Maharashtra (Mahabat et al., 2007). Therefore the present
study was conducted in the coastat regions of the Raigad
district, Maharashtra. Raigad, previousty known as Kotaba,
is one of the districts in the Konkan Division of
Maharashtra with the Arabian Sea coast as its western
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boundary. Most hilly ptaces of the district are in the
Sahyadri mountain range of the Northern Western Ghats of
India. Raigad is divided into 15 tehsits, namety Uran,
Panvet, Karjat, Khatapur, Pen, Atibag, Murud, Roha, Tala,
Sudhagad, Mangaon, Shrivardhan, Mhasta, Mahad, and
Potadpur (Refer-Map).

The district's climate is typicat of that on India's west
coast, with plentiful, regular, and seasonat rainfatt during
the monsoon season. Being a coastat district, the diurnat
and seasonal variations in temperature is comparatively
tess. The southwest monsoon commences by June and
continues tilt the beginning of October, with an average
annuat rainfatt of 3028.9 mm. Nearly 95% of the annuat
rainfatt isreceived during the South-West monsoon season.
The refative humidity is, on average, over 80% during the
South-West monsoon season. In the rest of the year, the
refative humidity is between 65to 75%.

The district's geotogy consists of dark-cotoured
volcanic fava flows and faterites dating back to the
Mesozoic Era. These are spread out in horizontat sheets or
beds and have innumerabte spurs, hifts, ridges, peaks, and
plateau; the tava is catted plateau basalts. Since these
basattic fava flows cover a vast region in the Deccan and
frequently present a step-tike appearance to the hilts and
ridges, they are commonty known as the “Deccan trap.
Deccan trap is mainty Basattic. On the hitt stopes, the soit is
generatly shaltow but moderately fertite and deep in vatteys.
In the narrower belts along the coastline, the soit is rich
altuviat with anadequate supply of water (Narkhede, 2011).

Data collection: alt the observations inctuded in the study
were between 20th February 2020 and u1th March 2020. The
data was colected from the coastal ptaces of Raigad
District, (1) Alibag, (2) Roha, (3) Murud, (4) Mhasta, and (5)
Shrivardhan. The sampting area was randomty searched for
the aeriat insectivorous birds. The study area was surveyed
using vehictes (two and four-wheeters) and motorized
dugout dingy. The survey was conducted atong the roads
and pathways on maintand India and the approachabte
offshore istands between 0600 hours and 1800 hours when
these diurnal foragers are active. The binocular (Modet:
Nikon Monarch 10x42) and a digital camera (Modet: Nikon
Coot Pix Pgoo) were used to observe the foraging birds (in
ftight) and have photographic documentation for the
species identification, whenever required. Various species
in the foraging ftock were identified using the field guide
(Grimmett et al., 2014). At every tocation, the information
on (1) the number of species, (2) the number of
individuats/species, and (c) the type of foraging habitat was
noted. The foraging habitats were divided into six classes, 1)
Deciduous forest, 2) Mangroves, 3) Coastline (on the
beach), 4) Rurat areas, 5) Urban areas, and 6) Plantations.
The foraging areas' fatitude and tongitude were recorded
using GPS (Model: Garmin Montana 680). These tocations
were fater included in the base map to understand the
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species' distribution.

The percentage frequency and abundance of each
species encountered during the study were estimated. To
understand the species’ assemblage pattern, we used a co-
occurrence type of Agglomerative Hierarchicat Anatysis to
obtain a dendrogram. Al the analysis was done using
XLSTAT software (Addinsoft; https://www.xIstat.com).
Further, the species encounter data was atso segregated as
per the habitat categories to understand how various
species are using different habitats. SPSS ver. 2016 (IBM
Corp2016) was used to build charts.

Findings:

Of the 34 and 11 aeriat insectivores known from India and
Maharashtra, respectively, we encountered five species
during the present study; Littte Swift (LS) (Apus affinis),
Asian Palm Swift (APS) (Cypsiurus balasiensis), Barn
Swattow (BS) (Hirundo rustica), Wire-taited Swaltow
(WTS) (Hirundo smithii), and Dusky Crag Martin (DCM)
(Ptyonoprogne concolor). The other aeriat insectivores
known from the Western Ghats of Maharashtra are Indian
Swifttet (IS) (Aerodramus unicolor), Alpine Swift (AS)
(Apus melba), Crested Treeswift (Hemiprocne coronata),
Ashy Woodswaltow (Artamus fuscus), Red-rumped
Swaltow (Cecropis daurica), Streak-throated Swallow
(Petrochelidon fluvicola).

Al the encountered species (n<5) are known residents
of the region and distributed across the survey area (Fig.-1).
These known cotoniatl foragers were observed forging in
various flock sizes (n=35, 49+45 individuats/ftock). Except
for the WTS, alt the other four species have distribution
across the study area. Amongst att the encountered aeriat
insectivores, the APS was the most abundant (7.68+8.44
encounters/location; Tabte-1), whereas DCM (4.67+2.52
encounter/location) and WTS (1.67+2.12 encounter/
focation) wereleastabundant.

Tabte-1: Number of individuals, percent frequency, and
abundance of the aeriat insectivores encountered in the studyarea

# Species N % fr. Abu.

1 LittleSwift 198  34.32 0.34
(Apus affinis)

2 Asian-Patm Swift 238 4125 0.41
(Cypsiurus balasiensis)

3 Barn Swaltow 122 21.14 0.21
(Hirundo rustica)

4 Wire-taited Swattow 5 0.87 0.01
(Hirundo smithii)

5 Dusky-CragMartin 14 2.43 0.02

(Ptyonoprogne concolor)

N<Number of individuats encountered; % fr.<% frequency
of individual; Abu. < Abundance (encounters/location)

The APS and BS occurred in alt the surveyed habitat
types whereas, LS was confined to rural, shoreline, and
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Figure-1. The occurrence of different aeriat insectivore species in
various habitats of the study area
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Figure-2: Temporal variations in the activity of the aeriat
insectivores encountered in the study area.
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Figure-3: Dendrogram of the foraging assembtages recorded
during the survey.
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urban areas. We could sight WTS just three times, once in
the agricutturat tand and twice in the urban area, perched
on the high tension etectric wires (Map).

The different aeriat foragers' foraging activity was in
the specific time stots during the day (Fig.-2). The highest
foraging activity wasseen during the 0700 to 0ogoo hrsin the
morning and 1700 to 1900 hrs in the evening. The LS, APS,
and BS were active throughout the day, whereas WTS was
mostty sighted during 0700-0800 hrs. The foraging activity
of DCM increased during morning hours (0800-0900 hrs)
and was minimat between 1100-1300 hrs.

The dendrogram shows that APS, BS, and WTS forage
together. During the survey, few times 1-2 LS individuals
were also recorded foraging with APS and BS. Of alt the
encountered species, DCM has always seen feeding atone

(Fig.-3).

Discussion:
The swifts, swallows, and martins are consistent and
opportunistic aeriat foragers (Norberg, 1986), which take a
wide variety of prey types (Coflins, 2015). Amongst the five
encountered aerial insectivores, the APS was the most
abundant but was not most common at alt the sites. The
species is highty gregarious and forages in ftocks of 40 to <
1000 individuals (Chantler & Boesman, 2020a). We
understand that the APS's high encounter might be an
outcome of the easy availabitity of the breeding habitat in
terms of the coconut (Cocos nucifera) and areca nut (Areca
catechu) plantations in the Raigad District's coastat
regions. The species primarily depends on the fan patms
and uses thatched roofs as nesting and roosting sites. It
forages adjacent to mangroves and paddy (Chantler &
Boesman, 2020a). This specific APS foraging tocation also
explains most species' encounters in the urban and
agricuttural habitats (Fig.-1). Furthermore, the APS's
patchy occurrence, near their roosting and breeding sites,
throughout the day, adds to most encounters of the species.
The LS was tocalty the most common aeriatl insectivore;
however, it was not the most abundant (Tabte- 1) This
gregarious species is known to occur over a wide range of
habitats and fatitudes. It commonty forages with other
Apodids. As the species is well adapted to breed under
human constructions, its high encounters in the urban
and rurat areas are apparent, as described by Chantler and
Boesman (2020b) In the study area, the LS was active
throughout the day, though most active during the
evening hours (Fig- 2 ) During the survey, the LS in the
study area were raising the nestlings (n=3 breeding
cotonies with 102 nests) Swifts and swiftlets forage ctose
to their breeding sites white incubating eggs and raising
chicks (Medway, 1962; Manchi, 2009; Chantler &
Boesman, 2020b) It might be the reason to have them in a
significant number, wherever encountered, near their
breeding sites.

On a globat scate, the BS is common and widespread
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(Brown &Brown, 2020) The BS had a wide distribution
across the study area, but these species were less
abundant (8.71t 6.81 encounters/tocation). The
comparatively tess abundance of BS in the region might be
an outcome of the survey season as the species is known to
breed between March and May. As per Brown & Brown
(2020) the BS generally forages individuatty or in a pair
during the breeding season. They usually feed near
meadows, wettands, and fields (Snapp, 1976) The BS is
also known to feed on insects attracted to lights during
dusk hours (Fig.—4; Brown & Brown 2020) The BS was
found more active in the urban area, near the shore, and
rural habitats (Fig. 1) ,probably because of suitable
foraging and breeding habitats.

Amongst att the encountered species, DCM and WTS
were the aerial insectivores with the least abundance
(Tabte- 1) It is presently difficult to comment on the tow
frequency of encounters, as the survey period and
frequency were minimal. However, as Turner (2020b)
described, WTS was more active in urban, agriculturat,
and forest areas (Fig. t) DCM often flying tow (4? 5 m
from the ground) and predominantly over streams,
cultivation and, human habitations (Turner, 2020b) and
also, DCM is usualty expected close to its breeding sites.
This habit of the DCM indicates the presence of its
breeding sites near the shoreline and urban areas.

The swifts (APS and LS) and the BS were active
throughout the day whereas, WTS was mostly sighted
during earty morning hrs (0700- 09oo hrs) .Simitarly,
DCM was active during 0800- 0ogoo hrs, and the foraging
activity was minimat between 100- 1300 hrs. Lack and
Owen (1955) reported that the abundance of airborne
insects depends on weather conditions, specificatly
abundant during the afternoon (after 1430 hrs) in att
weathers. In poor weather, the abundance increase during
1600- 1700 hrs and 1100- 1200 hrs in fine weather. Hence,
the time during the day and habitat can be varied for
different species and is directly affected by the tocat
weather conditions (Lack & Owen 1955) The weather
conditions and breeding seasonality afso influence
foraging habits in swifttets (Medway, 1962; Langham, 1980;
Nguyen, 1983; Lim & Cranbrook 2002; Nguyen et al. 3002;
Manchi & Sankaran, 2010) .

The most frequentty recorded assembtage comprised
APS, BS, and WTS; however, DCM was atways encountered
foraging in isotation. WTS usually forage in pairs or smatt
groups in a mixed flock with other swaltows and swifts
(Apodidae); but, no such behaviour was encountered
during the present study. In contrast to our finding, Metter
(2001) and Cramp (1988) separately have recorded
assembtlages of Common Swift Apus apus, Barn Swallow
Hirundo rustica, and House Martin Delichon urbicum from
the western Palearctic region. Swifts and swaltows have an
attitudinat foraging range overtap; hence, form an
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assembtage (Norberg, 1986). On the contrary, a few studies
(Norberg, 1986; Kopij, 2000; Cotlins, 2015) show the
differences in their feeding habitats, which create a niche
and attitudinat partition. The swifts (APS and LS) usuatty
were not observed together. A few studies suggest (Lack &
Owen, 1955; Ortowski & Karg, 2013) that this happens when
co-occurring swift species compete for food teading to
patchand prey speciatization (Waugh, 1978).

The present study attempted to understand the
habitats and assembtages of the foraging aeriat
insectivorous in the Raigad district's coastat regions. As this
short study was restricted to the coastat areas, only five
aeriat insectivores could be recorded. These species were
encountered foraging at different times of the day; hence we
infer that the foraging activity's temporat variations help
these species avoid competition and foraging habitat
overlap. Out of the seven identified habitat types, the
deciduous forest was used by alt the aeriat insectivores,
indicating the importance of this particutar habitat for the
existence of these birds with a special guitld. Further
detailed surveys (both in the coastat area and intand) witt
help better document aerial insectivores in the Raigad
district. Moreover, detaited studies on the birds' diet can
provide insight into the foraging habitat setection by these
species.
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