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Natural History Note

Nest-site Selection and Adaptability of the Asian
Woolly-necked Stork (Ciconia episcopus) in Human-
dominated Landscapes of Kerala, India

Abstract

The Asian Woolly-necked Stork (Ciconia episcopus), a Near Threatened species, is
increasingly observed breeding in human-dominated landscapes across South Asia.
However, systematic studies on its nesting ecology in India remain scarce. This
study investigates nest-site selection and adaptability of C. episcopus in the rapidly
transforming landscapes of central Kerala, India. We recorded 30 active nests during
the 2022 and 2023 breeding seasons across four districts, using a combination of
citizen science data, field surveys, and spatial analyses. Nests were found on both
natural (53.3%) and artificial substrates (46.7%), including trees and man-made
structures such as telecom towers and electric pylons. Nesting sites were typically
located near agricultural wetlands, rivers, and human settlements, with many nests
situated within 5 km of major rivers and within 50 m of buildings or roads. Despite
high levels of anthropogenic disturbance, storks demonstrated strong adaptability
in substrate use, height preferences, and spatial proximity to foraging habitats. Our
findings highlight the species’ behavioral flexibility and its reliance on wetland-
agriculture mosaics in modified environments. This study highlights the species’
persistence in modified habitats and underscores the need to integrate wetland and
nest-site protection into regional conservation planning.

Keywords: Anthropogenic landscapes, breeding ecology, nest-site selection, urban
ecology, wetland-agriculture mosaic

Introduction

The Asian Woolly-necked Stork (Ciconia episcopus) is a large, solitary species found
across South and Southeast Asia. It occupies a broad range of habitats, including
grasslands, wetlands, agricultural fields (both dry and flooded), reservoirs, irrigation
canals, and forest openings (Mlodinow et al, 2022). In India, the species increasingly
occupies human-dominated landscapes such as farmlands and peri-urban zones,
suggesting behavioral flexibility and adaptability to altered ecosystems (Ghimire et
al, 2021; Kittur & Sundar, 2021; Ghimire et al, 2021). Although globally listed as
Near Threatened, regional populations face mounting pressures from habitat loss and
land-use change (BirdLife International, 2022; SoIB, 2023).

Nest-site selection plays a critical role in the reproductive success of storks and is
influenced by substrate type, foraging proximity, and disturbance levels (Onmus et
al, 2012; Tobolka et al, 2013). While many large waterbirds favor secluded wetland
habitats, Woolly-necked Storks frequently nest in anthropogenic environments,
including agroforestry trees, electric pylons, and mobile telecom towers (Thabethe &
Downs, 2018; Kittur & Sundar, 2021). In India and Nepal, the species shows a strong
association with irrigation canals, bunds, and rice landscapes, indicating its capacity
to exploit mixed-use areas for nesting and foraging (Ghimire et al, 2020; Hasan &
Ghimire, 2020).

Kerala, located in the southwestern coastal zone of India, is part of the Western Ghats
biodiversity hotspot and is characterized by high species richness and endemism.
However, the region is undergoing rapid land-use change, with extensive agricultural
intensification, urban sprawl, and infrastructure development affecting wetland and
riverine ecosystems (Krishna et al, 2024). Understanding how adaptable species
like the C. episcopus navigate these changes is crucial for biodiversity conservation
planning in such dynamic landscapes.

In Kerala, breeding records of C. episcopus are limited, with the earliest documented
nest from the Periyar Tiger Reserve (Neelakantan, 2004). However, more recent
observations and citizen science reports suggest a possible expansion of the breeding
range in the state, concentrating in Malappuram, Thrissur, and Palakkad districts of
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Central Kerala (Roshnath & Greeshma, 2020). Despite these
developments, systematic studies on the species’ nesting ecology
in Kerala remain lacking.

In this study, we examined the nest-site characteristics of C.
episcopus in central Kerala. Specifically, we (1) compared
nesting on trees versus artificial structures, (2) quantified
spatial relationships with wetlands and rivers, and (3) assessed
proximity to human disturbance. These insights contribute to
understanding how large waterbirds persist in increasingly
modified tropical landscapes.

Material and methods

Nesting sites of C. episcopus in Kerala were identified through
a combination of secondary data and systematic field surveys.
Initial locations were compiled from published literature
(Sashikumar et al, 2011; Greeshma et al, 2018; Roshnath &
Greeshma, 2020), citizen science observations from eBird from
2014 to 2020 (www.ebird.org), having reports of confirmed
breeding behavior, such as nest-building, occupied nests, and
nests containing eggs or chicks. Field inspections were carried
out to verify these reports and to assess the nesting status.
Additional nesting records were gathered through outreach to
local birdwatchers and appeals posted on birding forums and
WhatsApp groups, and an inventory of known nesting sites was
prepared.

Fieldwork was conducted during the post-monsoon breeding
seasons (Sept to Dec) of 2022 and 2023, focusing on three
central districts in Kerala known to support breeding
populations (Roshnath & Greeshma 2020). A stratified random
sampling design was applied using a 5 x 5 km grid system
created in ArcGIS 10.7. Of 400 total grids, 15% were randomly
selected for surveys, excluding areas under forest cover. Each
selected grid was systematically surveyed on foot and by vehicle
to detect active nests and to identify any potential nesting sites
not included in the existing inventory.

At each nest site, we recorded tree and site-level variables. For
natural substrates (trees), we measured tree height and nest
height using a HAWKE LRF 400 laser rangefinder. Girth at breast
height (GBH), canopy length (L), and canopy breadth (B) were
measured using a 30 m fiberglass tape. Canopy spread was
calculated as (L + B)/2 (Blozan 2006). For all sites, we recorded
the distance to the nearest wetland, river, and water body
(e.g., bund or check dam), as well as anthropogenic features
such as roads, buildings, and settlements. These distances were
measured using high-resolution satellite imagery in Google
Earth Pro.

Wetlands were defined following the Ramsar convention (1971)
to include marshes, fens, bogs, and all bodies of water - natural
or artificial, permanent or temporary, with static or flowing
water. Given the importance of rice fields as nesting and foraging
habitats for storks (Sundar & Subramanya, 2010), these were
also included under wetlands. Similarly, major water bodies,
including dams, check dams, and bunds across rivers or
stagnant water, were identified, as these often retain significant
water volumes during summer and serve as key foraging areas.
Roads were defined as pathways wider than 5 meters with
moderate vehicle or pedestrian traffic. Buildings were
categorized as permanent, enclosed man-made structures
(e.g., residences, commercial establishments, or public
infrastructure). Human settlements were defined as populated
clusters consisting of five or more buildings or houses in close
proximity.

Results
A total of 30 active nests of Ciconia episcopus were recorded

in Kerala during the 2022 and 2023 breeding seasons (Fig. 1).
Thrissur district supported the highest number of nests (n = 14),

Table 1: District-wise distribution of Asian Woolly-necked Stork nesting
substrates in Kerala, India. Nesting sites were recorded on tree species
and anthropogenic structures across Malappuram, Palakkad, Thrissur,
and Idukki districts, with telecom towers constituting the most
frequently used substrate.

Nesti Districts
esting
- Total
Substrate  Malap- b q Thrissur  Idukk
puram
AIstoniq 1 1 2 4
scholaris
Telecom 4 3 6 13
tower
Electric 1 1
tower
Ficus be_n- 1 2 3
ghalensis
Ficus 2 2
callosa
Mangifera 2 1 3
indica
Termi-
nalia 1 2 3
elliptica
Ceiba
pentandra 1 1
Total 6 9 14 1 30

followed by Palakkad (n = 9), Malappuram (n = 6), and Idukki
(n=1; Table 1).

Nesting sites were located at a mean elevation of 28 + 24 m.
Nests were frequently situated near aquatic habitats, including
wetlands or paddy fields (mean distance = 237 + 170.8 m),
rivers (2512.5 + 4472.3 m), and stagnant water bodies such as
check dams or bunds (3037.1 + 1990.0 m). A majority of nests
(n = 22) were located within 5 km of a major river. Specifically,
12 nests were found within 1 km, 4 nests between 1-3 km, and
6 nests between 3-5 km from the nearest riverbank.

Despite proximity to human infrastructure, nesting did not
appear to be negatively impacted by anthropogenic disturbance.
Nests were recorded near buildings (mean distance = 8.4 + 8.6
m), roads (12.0 + 20.0 m), and human settlements (50.0 + 49.5
m), suggesting tolerance of or adaptation to human-modified
landscapes.

Storks nested both on trees (n = 16, 53.3%) and artificial
structures such as telecom and electric towers (n = 14, 46.7%);
Table 2). Tree species commonly used for nesting included
Alstonia scholaris, Ficus benghalensis, Mangifera indica, and
Terminalia elliptica (Table 1). Nesting trees had a mean height
of 19.6 + 3.7 m, girth at breast height (GBH) of 3.7 + 3.8 m, and
canopy spread of 9.5 + 10.3 m. Towers used as nest substrates
had a significantly greater mean height of35.1 +9.0 m (t=5.107,
df = 11.38, p < 0.005), and a strong positive correlation was
observed between nest height and total substrate height
(Pearson’s R = 0.86).

Discussion

C. episcopus are considered local migrants in Kerala, with a
widespread presence during the winter and a relatively small
breeding population (Roshnath & Greeshma, 2020). Similar
patterns have been noted in African populations, where
year-round residency is increasingly observed in urban
and peri-urban areas, driven by supplemental feeding and
anthropogenic resource availability (Thabethe & Downs, 2018).
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Figure 1. Study area showing the spatial distribution of Asian Woolly-necked Stork nesting sites in central Kerala, India. Black circles indicate nests
on telecom towers, green circles indicate nests on trees.

In the present study, 30 active nesting sites were recorded
through systematic surveys across central Kerala, an increase
from earlier reports of 10 nests (Greeshma et al, 2018) and 16
nests (Roshnath & Greeshma, 2020). This rise may be attributed
to more extensive field efforts, growing citizen science
participation, and potentially an ecological shift toward
increased residency, possibly facilitated by favorable breeding
and foraging conditions in agricultural and semi-urban
landscapes.

Central Kerala supports nearly all known nesting locations of
C. episcopus in the state, except for the nesting site in Periyar
Tiger Reserve. C. episcopus feeds on a broad range of prey,
including invertebrates, reptiles, mollusks, crabs, insects, fish,
frogs, toads, and snakes, many of which are abundant along
riverbeds and sandbanks (del Hoyo et al, 2020). The
Bharathapuzha river basin, characterized by its exposed
riverbeds and sandy banks, may thus serve as an important
foraging and nesting area for the species (Sashikumar et al,
2011). Most recorded nests in this study were located near
Bharathapuzha or its tributaries, including the Gayathripuzha,
Puzhakkal, and Karuvannur rivers. These river basins cover
Palakkad, Thrissur, and Malappuram districts of Kerala. Most
nests were located within agricultural landscapes or near water
bodies such as check dams and bunds, reflecting their
preference for hydrologically rich environments. Similar nesting
patterns have been observed in other regions across South Asia
(Banerjee, 2017; Ghimire et al, 2020; Hasan & Ghimire, 2020;
Katuwal et al, 2020; Mehta, 2020; Sundar, 2020; Kittur & Sundar,
2021). Of the 30 nests recorded, 22 were within 5 km of a
major river, aligning with earlier studies that highlight rivers as
key foraging habitats for this species (Rahmani & Singh, 1996;
Vyas & Tomar, 2007; Vaghelaetal, 2015; Hasan & Ghimire, 2020).
For storks, minimizing travel distance to foraging areas can
reduce energy expenditure and potentially increase reproductive
success (Alonso et al, 1991; Gibert et al, 2016). These findings
emphasize the importance of wetland-agriculture mosaics as
critical habitats for the C. episcopus breeding and foraging needs.

The region encompasses the Kole lands, a major rice-growing
landscape of Kerala, and forms part of the Vembanad-Kole
wetland system (151,250 ha), which has beenwas designated as

a Ramsar site in 2002 (Srinivasan, 2010). C. episcopus were often
seen nesting on trees near irrigation canals, showing their close
link with farming landscapes (Kittur & Sundar, 2021). These
agricultural and wetland-rich areas of central Kerala likely offer
a combination of suitable nesting substrates, food availability,
and human tolerance, explaining the localized breeding
distribution of the species in the region.

Storks exhibit strong morphological and behavioral
adaptations to wetland habitats. Their long legs and bills
facilitate efficient foraging in shallow waters, allowing them
to exploit a wide range of aquatic prey (Hancock et al, 1992;
Mlodinow et al, 2022). Nesting close to wetlands, rivers, and
irrigation structures provides easy access to food, supporting
their breeding ecology.

Our study found that C. episcopus frequently nests in close
proximity to human infrastructure, with several nests
located directly atop towers built on buildings, and others
situated very near roads and human settlements. This pattern
suggests a strong habituation to human presence. Such tolerance
has been identified as a key trait enabling waterbirds to persist
in urbanized environments (Charutha et al, 2021). C. episcopus
have previously been reported breeding in human-dominated
landscapes, including farmlands, towns, and urban
peripheries (Kittur & Sundar, 2021), and highly urban areas
(Kularatne & Udagedara, 2017). Nesting near roads may help
avoid natural predators (Rao & Koli, 2017) and offer structural
safety (Leveau & Leveau, 2005; Pescador & Peris, 2007). Our
results reinforce these observations, emphasizing the species'
adaptability and behavioral flexibility in selecting nest sites
in highly modified landscapes (Thabethe, 2018; Ghimire
et al, 2021). This capacity to tolerate or even benefit from
anthropogenic environments may play a crucial role in the
continued persistence of small breeding populations in
human-dominated regions like central Kerala.

Birds that are habituated to human presence can exploit
anthropogenic resources for both breeding and foraging,
thereby enhancing their ability to persist and even thrive in
urban landscapes (Mgller, 2009; Sullivan et al, 2015). In India,
urban waterbird colonies frequently utilize man-made
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structures and large trees in city environments for nesting
(Mehta et al, 2024; Roshnath & Sinu, 2017). C. episcopus in
particular has been observed nesting on telecom towers and
electric pylons, a trend documented across multiple regions in
India (Kittur & Sundar, 2021) and also in African populations
(Thabethe, 2018). In our study, 13 nests were located on
telecom towers and one on an electric tower, underscoring
the species’ capacity to adapt to artificial structures in human-
dominated landscapes.

C. episcopus generally prefer nesting in trees with dense foliage,
selecting middle canopy layers where thick, horizontal lateral
branches are typically fewer in number and located away from
the main trunk, which offer both concealment and protection
from climbing predators by providing stable platforms for nest
placement (Ishtiaq et al, 2004; Thabethe, 2018). In our study,
most tree nests were similarly placed on lateral branches,
consistent with prior observations; for artificial substrates, the
nest on an electric transmission tower was constructed in a
corner where intersecting iron beams provided a stable base,
while nests on mobile towers were typically located on the
highest accessible flat platforms indicating a preference for
structurally stable sites akin to those selected in natural nesting
substrates.

Storks tend to nest at elevated heights to reduce the risk of
predation from terrestrial mammals (Vaitkuviene & Dagys,
2015), often selecting taller and broader trees compared to
surrounding trees (Ghimire et al, 2022); similarly, the
preference for nesting on taller towers over shorter trees, as
noted in previous studies (Vaghela et al, 2015), suggests that
height is likely a key factor influencing nest site selection.
Although this behavior may contribute to short-term population
stability, it raises concerns about long-term ecological
consequences if infrastructural modifications or maintenance
activities disrupt breeding, and such adaptability is not unique
to Kerala. Across India and parts of Africa, C. episcopus have
been documented nesting in highly modified environments,
utilizing mobile towers, electric pylons, and large trees in
human-dominated areas (Thabethe 2018; Kittur & Sundar, 2021).

The findings of this study emphasize the importance of
wetland-agriculture mosaics and human tolerance of
C. episcopus populations. With increasing urban sprawl
and land-use conversion in Kerala (Krishna et al, 2024),
conservation and urban planning policies must integrate the
needs of adaptable but vulnerable species like C. episcopus.
Protecting remnant wetlands, conserving tall agroforestry trees,
regulating tower maintenance during the breeding season, and
integrating biodiversity safeguards into rural development
programs could greatly enhance nesting success and population
resilience.
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