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Simple Summary

The present study examined perch height as a driver of foraging behaviour and hunting
success of five sympatric kingfisher species (Common Kingfisher, White-throated King-
fisher, Pied Kingfisher, Stork-billed Kingfisher, and Black-capped Kingfisher) in selected
wetland habitats of Kerala, India during 2021-2023. Birds were observed using the focal
animal sampling method. Most species used mid-height perches for foraging. The Com-
mon Kingfisher showed moderate capture success across all perch heights, whereas the
Pied Kingfisher exhibited significantly reduced success at higher perches. In contrast, the
Stork-billed Kingfisher achieved the highest capture success at mid-height perches (2-5 m).
Capture success was weakly and non-significantly negative for the White-throated King-
fisher, while the Black-capped Kingfisher showed a neutral to positive pattern across perch
heights. Our findings indicate that differences in perch height among species represent
a form of functional adaptations or resource partitioning, thereby reducing interspecific
competition among sympatric species.

Abstract

Sympatric species are closely related taxa that coexist within the same habitat through
niche partitioning, and kingfishers serve as an ideal group for studying such ecologi-
cal mechanisms. The present study examined the perch height in relation to foraging
behaviour and hunting success of five kingfisher species: Common Kingfisher (Alcedo
atthis), White-throated Kingfisher (Halcyon smyrnensis), Pied Kingfisher (Ceryle rudis), Stork-
billed Kingfisher (Pelargopsis capensis), and Black-capped Kingfisher (Halcyon pileata). The
study was conducted between 2021 and 2023, across seven habitat types in Kerala, India
(Kadalundi-Vallikkunnu Community Reserve (KVCR) mangroves, Kallampara mangroves,
Vadakkumpad mangroves, Vazhakkad agroecosystem, Mavoor wetland, Sanketham wet-
land, and Elathur beach). A generalized linear mixed model (GLMM) with a binomial
distribution and logit link function was used to analyze hunting success across species. The
model indicated that the effect of perch height on hunting success varied among species,
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though neither perch height nor species identity alone had a significant effect. Most species
favored mid-height perches (2-5 m) for foraging, with the Common Kingfisher exhibiting
moderate success across all heights and habitats. The Pied Kingfisher showed significantly
reduced success at higher perches, while the Stork-billed Kingfisher achieved the highest
success at mid-heights (2-5 m). The White-throated Kingfisher showed a non-significant
negative association with capture success, whereas the Black-capped Kingfisher exhibited
a neutral to positive relationship across perch heights. Among all variables tested, prey
availability emerged as the sole significant predictor of hunting success, indicating that prey
abundance is the principal determinant of foraging efficiency in tropical wetlands, rather
than environmental conditions. Our findings confirm a pattern of vertical stratification in
resource partitioning among sympatric kingfisher species and underscore the importance
of conserving habitats that retain natural perch sites of varying heights.

Keywords: Alcedinidae; resource partitioning; interspecific variation; aquatic ecosystem;
foraging success

1. Introduction

Understanding how foraging strategies vary among sympatric species is critical to
elucidating the ecological mechanisms that allow coexistence and niche differentiation.
Among avian predators, foraging behaviour is often shaped by habitat structure and en-
vironmental conditions [1,2]. Structural attributes such as vegetation density and perch
height can directly modulate foraging success through vertical variation within the envi-
ronment [3,4]. Differences in vertical foraging strata (i.e., the height from which individuals
hunt) have significant influence on prey detectability, accessibility, and ultimately, hunting
outcomes [3,5]. Environmental parameters including water temperature, humidity, and
turbidity may also exert indirect effects on the hunting success of carnivorous birds by
altering prey availability and mobility [6-8].

Wetlands are dynamic ecosystems where microhabitat features such as perch availabil-
ity, water clarity, and prey density vary substantially [8-11]. These microhabitat gradients
can shape predator-prey interactions and affect species’ foraging efficiency [12]. In these
habitats, foraging height influences foraging success and is determined by prey type,
visibility and strike range at different vertical levels [3,13].

Wetlands support sympatric species that often share space and resources, which can
lead to interspecific interactions when their ecological needs overlap [14,15]. Interspecific
competition for food resources is intense in multi-species assemblages, forcing them to
adopt strategies to reduce niche overlap [16,17]. Resource partitioning along vertical
axes is a well-documented strategy, in which co-existing species exploit different strata to
reduce competitive pressure [16,18]. Previous studies on bird groups such as raptors and
insectivores have documented clear vertical partitioning that facilitates co-existence [19,20].
However, such studies on piscivorous guilds such as kingfishers remain limited [21,22].

Kingfishers (Family: Alcedinidae; Order: Coraciiformes) are a group of small to
medium sized birds with a cosmopolitan distribution [23,24]. They represent an ecologically
diverse group of predatory birds known for their specialized foraging techniques and
dependence on aquatic or semi-aquatic prey [23,25,26]. Kingfishers inhabit a wide range
of habitats and prey on fish, frogs, insects, reptiles, and caterpillars [27]. The coexistence
of multiple kingfisher species within the same area provides an excellent model to study
ecological niche partitioning [21,22].
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In tropical wetlands, where ecological interactions are particularly complex, sympatric
kingfisher species often share habitats but may segregate their niches through differences in
perch height used for hunting, prey specialization, or temporal patterns of activity [28,29].
While some studies have examined kingfisher foraging ecology [21,28,30], the effect of ver-
tical hunting strata on prey selection and capture success is poorly understood, especially
in Indian tropical ecosystems with complex sympatric interactions [31]. Addressing this
gap is critical for advancing theoretical ecology and for informing wetland management
and biodiversity conservation strategies. Given that wetlands are under increasing anthro-
pogenic pressure [7,32] understanding the behavioral and ecological adaptations of top
predators such as kingfishers is of particular relevance.

In this context, the present study investigates the perch height, prey capture and hunt-
ing success of a sympatric kingfisher community in a tropical wetland. The objectives were
to assess the prey capture across different perch height levels among kingfisher species, and
to compare the hunting success of each species across these vertical strata. Based on eco-
logical theory on niche partitioning and previous studies on vertical stratification in avian
predators, we hypothesized that perch height plays a key role in shaping hunting success
in sympatric kingfisher species. Specifically, we expected hunting success to vary across
perch height categories. We hypothesized that species specific variation in perch height
use represents a mechanism of vertical resource partitioning that facilitates species specific
adaptive behaviour among sympatric kingfishers by reducing interspecific competition.

2. Materials and Methods
2.1. Study Area

The study was carried out across seven sites situated in the northern region of Kerala:
Kadalundi-Vallikkunnu Community Reserve (KVCR) mangroves, Kallampara mangroves,
Vadakkumpad mangroves, Vazhakkad agroecosystem, Mavoor wetland, Sanketham wet-
land, and Elathur beach (Figure 1). All habitats fall under the Tropical Monsoon Climate
(Am) zone, characterised by high rainfall (southwest and northeast monsoons), high rela-
tive humidity, and warm temperatures throughout the year [7,33]. Vegetation across the
study landscapes ranges from agroecosystems dominated by mixed crops, to freshwa-
ter wetlands, coastal beaches, tidal mudflats, and true mangrove ecosystems along the
Kozhikode coastline [7,34]. Elathur beach was included in the study due to the occurrence
of the Black-capped Kingfisher, a winter visitor to Kerala.

KVCR mangroves (11.127580 N, 75.829649 E) constitute a coastal wetland along the
Arabian Sea, spanning the Kozhikode and Malappuram districts of Kerala. The wetland
is characterized by mudflats, mangroves, sandy beaches, and a rapidly expanding sand
bed located between the beach and the mudflat. Avicennia officinalis is the most abundant
mangrove species in the reserve. The Kadalundi River, which drains into the Arabian Sea
at the mouth of KVCR, flows through the reserve. The habitat is influenced by tidal action,
and during low tide the sand bed, which restricts water flow between the river and the sea,
becomes prominently visible [7,32,34-37].

Kallampara mangroves (11.158767 N, 75.847927 E), located in Feroke Grama Panchay-
ath of Kozhikode district, represents an inland mangrove habitat situated approximately
4 km from the KVCR mangroves and 5 km from Chaliyam beach. The river flowing through
the Kallampara mangroves merges with the Chaliyar River at Chaliyam, and together they
drain into the Arabian Sea [7,34,37].

Vadakkumpad mangroves (11.158334 N, 75.829306 E) are inland mangroves located
approximately 2 km from the Kallampara mangroves, 3 km from Chaliyam Beach and 4 km
from KVCR mangroves. The area falls within Changaroth Grama Panchayath, Kozhikode
district. A railway bridge spans the river at Vadakkumpad [7,37,38].
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Figure 1. Map showing the study areas. Two scanning points for each study area are shown on the
map. These points were selected based on the occurrence of the study species following an intensive
pilot survey.

The Vazhakkad agroecosystem (11.244157 N, 75.951707 E), located on the banks of
the Chaliyar River in Vazhakkad village, Kondotty Taluk, Malappuram district, comprises
wetlands and agricultural fields where rice cultivation and banana plantations are practiced.
This habitat supports numerous species of waterbirds and shorebirds, both resident and
migratory [7,21,37,38].

Mavoor wetlands (11.260530 N, 75.938780 E) belong to Mavoor Panchayath of
Kozhikode district, located approximately 20 km from Kozhikode town. The wetland
lies about 7 km away (2 km aerial distance) from the Vazhakkad agroecosystem. Palliyol,
Pipeline, and Kalpalli are the major areas comprising the Mavoor wetlands, with Pipeline
hosting a heronry where many waterbird species breed [7,21,37,39].

Sanketham wetlands (11.288627 N, 75.934299 E), located in Chathamangalam Grama
Panchayath of Kozhikode district, span approximately 15 ha and comprise agricultural
land, wetlands, and diverse vegetation. The habitat is positioned approximately 3 km
from Mavoor wetlands and is noted for its rich biodiversity, including several migratory
waterbird species.

Elathur Beach (11.346638 N, 75.735889 E), within Kozhikode Corporation, is bounded
by the Arabian Sea to the west and the Korappuzha River to the north. The adjoining
backwaters (11.347967 N, 75.736913 E) and tidal inlets within the human settlements serve
as major attractions for kingfishers.

2.2. Study Species

Five species of kingfishers (Order: Coraciiformes; Family: Alcedinidae) were consid-
ered for the present study: Common Kingfisher (Alcedo atthis), White-throated Kingfisher
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(Halcyon smyrnensis), Pied Kingfisher (Ceryle rudis), Stork-billed Kingfisher (Pelargopsis
capensis), and Black-capped Kingfisher (Halcyon pileata).

The Common Kingfisher is a small, brightly colored bird with a short tail and a pointed
bill. The sexes are dimorphic, with males having entirely black bills, while females show
an orange lower mandible and black upper mandible [40,41]. The species forages using
two main strategies: hovering and diving from a perch, and was recorded primarily near
water sources across all selected study areas.

White-throated Kingfisher is a medium-sized, brightly coloured bird, easily recognised
by the prominent white patch extending from its throat to breast. Its head and underparts
are chestnut, while the wings and tail are bright blue. The species is widespread and was
recorded across all the habitats studied. It typically forages from a perch and is a generalist
carnivore [40,42].

Unlike other kingfishers, Pied Kingfisher is characterized by black and white plumage
with black bills. Sexes are dimorphic. Males are identified by two distinct black bands on
the breast while females have a single, broken band. They can forage by hovering and from
a perch as Common Kingfisher [40,43]. They are mostly seen near water bodies and were
recorded only from Vazhakkad agroecosystem, Mavoor wetlands and Sanketham wetlands.

The Stork-billed Kingfisher is a tree kingfisher that primarily prefers wooded areas
near water bodies and forages from a perch. It is the largest of the five selected species,
characterized by a large red bill, brown head, greenish-blue upperparts, and buff under-
parts [40,44]. The species was observed and recorded at all study sites.

Black-capped Kingfisher, a winter visitor to Kerala has a dark blue and black plumage,
white neck, light brown underpart, a black head and red bills [40,45]. The species
forage from a perch and were recorded from KVCR mangroves, Vadakkumpad man-
groves and Elathur beach. It is red listed as Vulnerable (VU) by IUCN with a declining
population [7,46].

Stork-billed Kingfisher, White-throated Kingfisher, Pied Kingfisher, and Common
Kingfisher are resident species in Kerala and are considered Least Concern (LC) globally,
however they are undergoing noticeable declines within their local ranges [7,41-45].

2.3. Field Study Methods
2.3.1. Observational Protocol

Kingfisher observations were conducted using the focal animal sampling method, in
which a single individual is observed for a defined period of time [47]. Once an individual
was selected, the presence of other kingfishers in the area was disregarded. Observations
began as soon as a bird was detected and continued until it moved out of view. Each
individual was monitored for a 30-min focal session, and if it remained visible afterward,
a new session was initiated following a 5-min pause. For each session, the start and end
times were recorded, along with additional parameters such as perch height, prey type,
hunting success, and other relevant behaviours.

The sexes of the observed individuals were recorded as either male or female, while
those that could not be identified were marked as unknown [40—45]. Observations were
carried out in the study area thrice in a month (2021-2023) using a binocular (Nikon 10 x50,
Nikon Corporation, Dongguan, China) and a 4 k high speed motion video camera (Nikon
D500, Nikon Corporation, Ayutthaya, Thailand + Nikkor 200-500 mm lens, Nikon Corpo-
ration, Ayutthaya, Thailand). Behavioural data for the focal individuals were recorded, and
the videos were later examined using the play-and-replay approach.

https://doi.org/10.3390/birds7010005


https://doi.org/10.3390/birds7010005

Birds 2026, 7, 5

6 of 15

2.3.2. Prey Identification and Hunting Success

Prey captured by the focal bird was documented either through direct binocular ob-
servations or later via the play-and-replay method. Prey that could not be identified were
noted as unknown. While species-level identification was frequently difficult, distinctly
recognizable prey such as dragonflies, frogs, lizards, and crickets were recorded individ-
ually. All other prey items were classified into broader categories, including fish, insects,
amphibians, and reptiles.

Any attempt made by the focal individual resulted in the capture and consumption
of prey was considered a hunting success [21]. Not all the attempts ended in success and
the number of attempts preceding a successful hunt varied among the kingfisher species.
Instances in which prey was captured but not consumed were also observed and recorded
but not counted as hunting success.

2.3.3. Perch Height

For each foraging attempt, the perch height recorded was from which the bird initiated
the attempt. Perch height and line of sight varied among species and were measured
relative to either the ground or the water surface, depending on context [21]. Heights above
ground were measured directly using a measuring tape, whereas heights above water
were visually estimated and later cross-verified with a mobile application (AR Measure
Tape: Smart Ruler). All measurements were taken only after the bird had departed to
ensure that the focal individual was not disturbed. The approximate hovering height was
also accounted as perch height in the case of hovering species—Common Kingfisher and
Pied Kingfisher.

2.3.4. Estimation of Water Temperature and Humidity

Water temperature and humidity were measured thrice in every month during
2021-2023. A digital Salinity meter (Thomas@Traceable salinity meter, Sasebo, Japan)
was used for measuring water temperature and a digital Hygrometer (Besantek BST-HYG2
Large Display Thermo-Hygrometer, Shenzhen, China) for humidity [7].

2.4. Statistical Analysis

We used a Generalized Linear Model (GLM) with a binomial distribution and logit
link function to identify significant predictors of hunting success. The predictor variables
included: Sex, Prey type, Perch height, Hovering behavior, Climate variables (Water
temperature, Humidity). We then performed an Analysis of Deviance (ANOVA) with a
Chi-square test to evaluate the significance of each variable. To assess factors influencing
hunting success, we fitted a generalized linear mixed model (GLMM) with a binomial
distribution and logit link function, as our response variable (hunting success) was binary
(1/0). The model included the interaction between perch height and species as fixed effects,
while habitat was incorporated as a random effect to account for site-specific variability.
Since the data were not normally distributed, the binomial family with a logit link was
appropriate for modeling binary outcomes.

We evaluated potential overdispersion using the performance package, confirming
that the model adequately accounted for data variability. To test the significance of each
term including interactions, we performed Type III Wald chi-square tests via ANOVA. We
used the ‘ggplot2: R version 4.2.3" package [48] to visualize the relationships. All statistical
analyses were conducted in R software [49].
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3. Results

The sampling effort yielded a total of 628 kingfisher observations. The Common
Kingfisher was both the most frequently observed species (1 = 353) and the most widely
distributed, being recorded in all 7 sites, during all 12 months, and across all three study
years (2021-2023). The White-throated Kingfisher was the second most common species
(n = 171) and showed similarly broad ecological and temporal occurrence, appearing in all
7 sites and all 12 months over the same three-year period. In contrast, the remaining three
species exhibited more restricted distributions. The Stork-billed Kingfisher was observed
58 times in all 7 sites over 11 months (2021-2023). The Pied Kingfisher (n = 24) and Black-
capped Kingfisher (n = 22) were the rarest, each recorded in only 2 sites, and their monthly
occurrences were more limited (8 and 6 months, respectively). Notably, the Black-capped
Kingfisher was not recorded in 2023 (Tables S1 and S2).

The models detected no significant main effects of Perch height (p = 0.954) or Species
alone (p > 0.05). However, species-specific patterns emerged, for instance, Pied Kingfisher
have an implausibly large coefficient (3 = 12.56, p = 0.98) and standard error (SE = 874.0)
reflect data sparsity at specific perch heights, suggesting incomplete sampling when com-
pared with the other species. On the other hand, White-throated Kingfisher showed a
non-significant negative association with capture success (3 = —2.57, p = 0.301), potentially
indicating context-dependent foraging strategies (Table 1 and Figure 2). Habitat showed
minimal variability (variance = 0.091, SD = 0.30), suggesting little effect on capture rates
across different habitats (Table S1).

Table 1. Summary of fixed and random effects from the generalized linear mixed model (GLMM)
evaluating the influence of perch and species on hunting success. The table presents fixed-effect
estimates along with their standard errors (Std. Error), z-values, and corresponding p-values. In-
teraction terms (Perch X Species) represent species-specific variations in response to perch type.
None of the fixed effects were statistically significant (p > 0.05), indicating that perch type and
species had limited influence on the response variable in this model. The random effect of Habitat
(standard deviation = 0.301) accounts for variation among habitats.

Fixed Effects Estimate 3  Std. Error z Value p-Value
(Intercept) 2.345 2.454 0.955 0.339
Perch —0.026 0.465 —0.058 0.954
Common Kingfisher —1.638 2.464 —0.665 0.506
Pied Kingfisher 12.556 874.001 0.014 0.989
Stork-billed Kingfisher 0.381 2.806 0.136 0.892
White-throated Kingfisher —2.571 2.485 —1.035 0.301
Perch: Common Kingfisher —0.141 0.479 —0.294 0.769
Perch: Pied Kingfisher —31.561 4857.460 —0.006 0.995
Perch: Stork-billed Kingfisher —0.472 0.526 —0.897 0.369
Perch: White-throated Kingfisher 0.257 0.477 0.539 0.591

Diagnostic checks using the performance package confirmed the model adequately
accounted for overdispersion (dispersion ratio = 1.019). The analysis revealed a statistically
significant perch x species interaction (p = 0.025), indicating that the effect of perch height
on hunting success varied by species. Neither perch height (p = 0.954) nor species alone
(p = 0.104) showed significant main effects (Tables 2, S1 and S2). Factors, including sex,
hovering behavior, water temperature, and humidity, did not show significant associations
with hunting success; only the capture of a specific prey type had a significant effect
(Tables 3 and S3).
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Figure 2. Marginal effects of perch height on predicted capture success by kingfisher species (Red—
Black-capped Kingfisher, Blue—Common Kingfisher, Green—Pied Kingfisher, Purple—Stork-billed
Kingfisher, Orange—White-throated Kingfisher) in India.

Table 2. Analysis of Deviance (Type Il Wald x? Tests). Significance * p < 0.05.

Effect x> df p-Value
(Intercept) 0.913 1 0.339
Perch height 0.003 1 0.954
Species 7.692 4 0.104
Perch x Species 11.133 4 0.025 *

Table 3. Summary of effects from the generalized linear mixed model (GLMM) evaluating the
influence of sex, type of prey, perch, hovering, and climate variables on hunting success. The table
presents fixed-effect estimates. Significant values < 0.05.

Variable Df Deviance Resid. Df  Resid. Dev p-Value
Sex 1 0.02 336 461.13 0.899
Prey 6 449.94 329 11.02 <0.001
Perch 1 0.09 328 10.93 0.764
Hovering 1 0.06 327 10.88 0.810
Water temp 1 0.41 326 10.47 0.522
Humidity 1 0.17 335 460.96 0.682

Species exhibited distinct perch-height preferences (Figure 3) and hunting success:
Black-capped Kingfishers showed neutral/positive effects across heights. Common King-
fishers displayed moderate success at all heights. Pied Kingfishers had significantly re-
duced success at high perches while Stork-billed Kingfishers performed best at mid-heights
(2-5 m), and White-throated Kingfishers showed context-dependent results, likely influ-
enced by prey availability or habitat-specific factors. These findings suggest that optimal
hunting success is influenced by species-specific perch-height preferences, with mid-heights
(2-5 m) being favorable for most species.
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Figure 3. Bar diagram showing average perch height (m) for Common Kingfisher, White-throated
Kingfisher, Black-capped Kingfisher, Stork-billed Kingfisher and Pied Kingfisher.

4. Discussion

Our findings revealed species-specific variations in perch height preference and hunt-
ing success. The most notable result was the significant interaction between perch height
and species in predicting hunting success. Although perch height and species alone did not
have significant main effects, the interaction term was statistically significant. This supports
the idea that kingfishers exhibit vertical resource partitioning, a mechanism that reduces
direct competition for prey resources and facilitates species-specific foraging adaptations,
as described in classic ecological theory [16,18,19].

Most kingfisher species in the present study preferred perches at mid-heights (Figure 4).
However, hunting success varied among species depending on their perch height and prey
preferences. The positive relationship between body size and perch height indicates that
larger kingfisher species typically select higher perches and target larger prey. These
elevated perches likely provide greater potential energy or momentum for capturing prey
in deeper waters, whereas smaller species tend to use lower perches suited for hunting
smaller prey in shallower habitats (Figure 4) [17,30].

Common Kingfishers exhibited moderate foraging success across all perch height
ranges, which was consistent with previous studies of Borah et al. [14] and Noor et al. [50].
Relative to their body size, they exhibited a narrower niche and accordingly used different
perches along water bodies with shallow depths [14,17,41]. Though they have moder-
ate success at all perch heights, they prefer lower perches across the habitats. Hunting
small fishes and shrimps in shallow water demands minimal energy, allowing individuals
to forage effectively from ground-level positions without the need for elevated perches
(Figure 4) [17,30].
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Figure 4. Representation of mean perch heights of five species of kingfishers (Common King-
fisher, Pied Kingfisher, White-throated Kingfisher and Black-capped Kingfisher) and their prey in an
aquatic ecosystem.

Our analysis indicated a reduced hunting success of Pied Kingfishers at higher perches.
This species primarily captures fish by either hovering or diving from a perch and success
rates are generally lower during hover hunting than during perch-based hunting [51].
In the present study, most observed individuals engaged in hover hunting, which likely
contributed to the lower success rates recorded. Even though hover hunting is less suc-
cessful, Pied Kingfishers prefer this method to scan for prey in open waters, especially
when suitable perches are limited or unavailable [51]. Furthermore, the population of Pied
Kingfishers has been declining drastically in recent years [7], resulting in fewer sightings
and a smaller sample size in this study. The relatively high standard error associated with
this species in the model further reinforces the inference of limited data availability.

Our observations revealed that Stork-billed Kingfishers achieved higher hunting
success from mid-elevation perches (2-5 m) across the study sites. This was also consistent
with previous study [44]. They are highly sensitive and use elevated vegetation to survey
broader prey fields; a strategy similarly observed in other large-bodied piscivores [7,23,44].
For example, in the present study, higher perches (>5 m) like electric lines were preferred
in open habitats like agroecosystems that lack well wooded vegetation near water bodies.
Perches below 5 m were often preferred at mangrove habitats which provide better perches
with cover. However, hunting success was consistent at mid-elevation perches across
the habitats.
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Black-capped Kingfishers exhibited positive or neutral hunting success across perch
heights. This pattern may be attributed to their reliance on prey available within a limited
range of accessible habitats. As winter visitors to Kerala [7], extensive habitat scanning
during their short stay may be energetically costly and could increase predation risk. This
suggests a potential adaptation to efficiently exploit a specific area within their temporary
habitat [7,45].

Interestingly, White-throated Kingfishers displayed context-dependent success rates.
The non-significant negative association with hunting outcomes suggests that prey type and
local habitat features may play a more dominant role than perch height in determining their
success. This species is known for its broader diet and variable hunting strategies, which
may explain the lack of a consistent pattern [52]. As a contextual hunter, the White-throated
Kingfisher can modify its foraging strategy based on prey accessibility, often shifting to
terrestrial prey such as insects, caterpillars, and lizards during low-tide periods or under
high turbidity conditions, or when suitable perches are unavailable near water bodies.
They can also hunt in midair when targeting flying dragonflies, often using electric lines
as perches.

White-throated Kingfisher, and Black-capped Kingfisher showed only slight variation
in perch height which may be attributed to their relatively similar body sizes [42,45]. The
Pied Kingfisher primarily consumes fish and is mostly observed near water bodies, either
hovering or perching while hunting [43,51]. Throughout the study period, the species pre-
dominantly hunted by hovering, resulting in the highest average perch-height preference
observed (Figure 3). The White-throated Kingfisher, with a more diverse diet (including
small insects to large fish) and a context-dependent foraging strategy, forage across various
habitats [42]. The White-throated Kingfisher exhibits a broad and predominantly terrestrial
diet, feeding extensively on insects, lizards, and small amphibians, with relatively fewer
aquatic prey [23,24,52]. Although the Black-capped Kingfisher also has a complex diet,
its local migratory behavior and tendency to utilize smaller areas may limit the range of
available prey. Additionally, its preference for higher perches for safer foraging further
restricts it to targeting only the prey present within this limited range.

Habitat showed minimal variability in hunting success in the present study. This
suggests that despite habitat-level differences in perch availability, hunting success is
largely maintained within species-specific perch-height ranges. Along with perch height
and habitat preferences, the study examined environmental and behavioural variables that
determine hunting success. Factors, including sex, hovering behavior, water temperature,
and humidity, did not show significant associations with hunting success. However,
climatic variables such as humidity and water temperature may have differential effects on
prey types and in turn, alter their availability, thereby influencing the foraging success of
specific kingfisher species [7,53]. Additionally, turbidity may be a major factor restricting
prey visibility, as kingfishers typically forage in clear water [54-57]. Shifa et al. [7] observed
a gradual increase in turbidity over the years in the habitats studied, which was linked
to reduced kingfisher abundance. While past research highlights the negative effect of
turbidity on their numbers, this study did not directly examine its effect on hunting success.
Further research is therefore recommended to address this gap.

In the sympatric kingfisher community studied, prey type appears to be a good
indicator of hunting success. However, because over 40% of captured prey could not
be fully identified, further research is needed. Characteristics such as prey abundance
and detectability are central determinants shaping foraging efficiency. This supports
previous findings that prey density often outweighs behavioral or morphological factors in
determining hunting success among birds [58,59]. Further research should explore how
prey distribution and microhabitat features modify these relationships.
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Vertical partitioning among sympatric species is a well-documented strategy in birds,
especially among insectivores [20,29,60]. The present study is one of the few assessments
that quantify this strategy in a tropical kingfisher community, using detailed field observa-
tions and statistical modeling. The observed differences in perch heights suggest that niche
differentiation is at least partially mediated by vertical space, allowing ecologically similar
species to exploit different microhabitats within the same wetland. However, perch height
cannot alone explain prey choice or capture success. Thus, future research is recommended
to establish the relationship between prey type and hunting success by considering multiple
interrelated traits such as body size, bill shape, bill length, visual field and water clarity.

These findings have important ecological implications. In degraded or urban wetlands
with fewer perch options, the loss of vertical complexity may particularly affect species
with strong perch-height preferences. Moreover, heavy metal toxicity, anthropogenic
pressures, climate change, and declining fish density across habitats have collectively led to
a marked decrease in kingfisher abundance over the years [7,37]. The combined effects of
reduced prey availability and loss of vertical complexity may further intensify interspecific
competition among sympatric species. Therefore, conservation efforts should prioritize
preserving or restoring vertical habitat structures, including natural perches and snags, to
maintain ecological heterogeneity.

5. Conclusions

This study demonstrates that vertical foraging strata influences the hunting success
of kingfishers in Asian tropical wetlands, particularly through species-specific interac-
tions with perch height. The observed species-specific patterns in perch height suggest
mechanisms of vertical niche partitioning that facilitate resource partitioning. These in-
sights enhance our understanding of foraging ecology in structurally complex habitats and
underscore the importance of conserving vertical habitat features in wetland ecosystems.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/birds7010005/s1, Table S1: Kingfisher observations across habitats:
frequency, number of species present, hunting success percentage, and average perch height. Table
52: Summary of kingfisher species: number of observations, percentage of total records, number of
occupied sites, hunting success rates, types of prey identify in the diet of birds and average perch
height. Table S3: Mean water temperature and humidity across seven study sites in India (2021-2023).
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