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Abstract

Urbanization presents significant challenges to avian communities, affecting their behavioral ecology, population
structure, and ecological niches. This empirical study investigates the behavioral patterns of bird populations across
varying degrees of urbanization in Ranchi, Jharkhand, India. Through systematic field surveys conducted over twelve
months (March 2023—February 2024), we documented 1,247 bird observations across five distinct study sites
representing urban, peri-urban, and rural habitats. We employed point count methodology, behavioral observation
protocols, and habitat characterization to assess species richness, abundance, diversity, and behavioral plasticity.
Our findings reveal significant variation in avian community composition across urbanization gradients. Urban areas
exhibited 28% lower species richness compared to rural habitats, while behavioral changes including altered foraging
strategies, modified vocalization patterns, and reduced nesting success were prominent in urban populations. Shannon
diversity index values ranged from 2.14 in urban zones to 3.67 in rural habitats, indicating substantial ecological
degradation. Notably, 15 species demonstrated behavioral plasticity through diet modification and temporal activity
shifts. Logistic regression analysis identified habitat fragmentation, noise pollution, and reduced vegetation density
as principal drivers of these behavioral modifications (p<0.05). These findings emphasize the urgent need for
evidence-based urban planning and establishment of ecological corridors to mitigate negative impacts on avian fauna.
This research contributes to understanding how rapidly changing urban environments shape evolutionary and
ecological responses in bird populations, with implications for biodiversity conservation in developing countries.

Keywords: Behavioral ecology, Urbanization, Bird populations, Species richness, Behavioral plasticity, Ecological
gradients, Ranchi

1. Introduction

1.1 Urbanization and Avian Communities

Rapid urbanization represents one of the most
pervasive  environmental  changes  affecting
biodiversity globally. Urban expansion fundamentally
alters landscapes through habitat fragmentation,
modification of vegetation structure, introduction of
novel substrates, and creation of human-dominated
ecosystems. For avian communities, these
transformations have profound implications. Birds
occupy diverse ecological niches and play critical
roles in ecosystem services including seed dispersal,
pest control, and pollination. Urban environments
present contrasting selective pressures compared to
natural habitats. While some species exhibit
remarkable capacity to colonize and thrive in urban
settings (urban exploiters or adaptors), many species
show marked declines in abundance and diversity.
Understanding the mechanisms underlying these
differential responses requires investigation of
behavioral, physiological, and demographic responses
to urbanization. Cities create novel environmental
conditions including artificial light pollution, elevated
ambient noise, altered temperature regimes through
urban heat island effects, fragmented habitat patches,

and modified food availability patterns. These
conditions interact to shape the evolutionary
trajectories and immediate behavioral responses of
urban bird populations. Research from Europe, North
America, and Asia has documented consistent patterns
including earlier breeding phenology, modified social
behaviors, altered vocalization characteristics, and
shifts in habitat selection among urban birds.
However, comprehensive understanding of these
phenomena in tropical regions of the Indian
subcontinent remains limited, creating knowledge
gaps that hamper evidence-based conservation and
urban planning initiatives.

1.2 Behavioral Plasticity and Ecological Resilience
Behavioral plasticity the ability of organisms to
modify phenotypic expression of behaviors in
response to environmental variation without genetic
change represents a critical mechanism enabling
species persistence in rapidly changing environments.
For avian species, behavioral flexibility manifests
across multiple dimensions including foraging
behavior, habitat selection, social organization,
vocalization characteristics, and reproductive timing.
Urban birds frequently demonstrate remarkable
behavioral adjustments, including modification of diet
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composition to incorporate anthropogenic food
sources, temporal shifts in activity patterns to avoid
human disturbance, alterations in inter-species spacing
and aggregation patterns, and modifications in
vigilance behaviors and anti-predator responses.
However, the costs and benefits of behavioral
plasticity remain incompletely understood. While
enabling short-term persistence, chronic stress from
urbanization may impair cognitive function,
compromise immune competence, and reduce
reproductive success, creating an ecological trap
where apparently suitable habitat is actually
suboptimal. This research adopts an integrative
perspective examining both immediate behavioral
responses and their population-level consequences.
The framework integrates behavioral ecology
principles with community ecology and conservation
biology to develop comprehensive understanding of
how urban conditions drive behavioral and ecological
changes that ultimately determine species persistence
or extirpation.

1.3 Research Context and Objectives

Ranchi, the capital of Jharkhand state in India,
exemplifies rapidly urbanizing centers in developing
nations. The city has experienced substantial
population growth (2.9% annual growth rate) and
physical expansion over the past two decades. Despite
the regional ecological importance of Ranchi, situated
in the transition zone between the Eastern Ghats and
the Indo-Gangetic plains, no comprehensive studies
have characterized the effects of urbanization on avian
behavioral ecology. This study addresses this
knowledge gap through systematic investigation of
bird populations across an urbanization gradient. Our
primary objectives are: (1) to quantify variation in
avian species richness, abundance, and community
composition across urban, peri-urban, and rural
habitats; (2) to document behavioral modifications in
urban versus rural populations of selected species; (3)
to characterize relationships between urbanization
metrics and behavioral and population-level
responses; and (4) to identify environmental correlates
driving observed variation. We hypothesize that
urbanization will substantially alter bird community
composition, reduce overall diversity, and induce
behavioral changes including modified foraging
patterns, altered vocalization characteristics, and
changes in temporal activity distributions. These
hypotheses are grounded in extensive empirical
evidence from temperate regions and emerging
evidence from tropical systems.

2. Survey Of Literature
Research on avian responses to urbanization has
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expanded substantially over the past two decades,
yielding important insights into mechanisms of
species persistence and vulnerability in urban
environments. Comprehensive reviews by Lepczyk et
al. (2017) and Alberti et al. (2017) synthesize evidence
indicating consistent patterns across diverse
geographic regions and taxa. Urban habitats typically
exhibit lower avian species richness compared to
natural habitats, with losses varying from 15% to 80%
depending on urbanization intensity and regional
context. Community composition shifts markedly
toward species with generalist traits including dietary
flexibility, broad habitat tolerance, reduced dispersal
requirements, and behavioral plasticity. Research by
Clergeau et al. (2006) on Parisian birds and Evans et
al. (2009) on British bird communities identified
persistent patterns including reduced abundance of
specialist insectivores, increased dominance of
granivorous and omnivorous species, and strong
correlations between vegetation structure and species
composition.

Behavioral responses to urbanization manifest across
multiple dimensions. Noise pollution, extensively
studied in recent years, demonstrates substantial
effects on avian communication and behavior. Urban
noise elevates minimum vocalization frequencies in
multiple species (Slabbekoorn & Peet, 2003), creates
habitat  selection  pressures favoring  quiet
microhabitats, and may reduce reproductive success
through compromised parental provisioning and
increased vigilance behaviors. Research by Goller &
Shrive (1991) on European songbirds documented
fundamental frequency increases in urban populations,
representing evolutionary responses to chronic noise
exposure. Light pollution, increasingly recognized as
an environmental stressor, alters daily activity
patterns, disrupts circadian and circannual rhythms,
and affects predator-prey interactions. Studies by
Kempenaers et al. (2010) demonstrated that artificial
light advances breeding phenology and increases
reproductive effort in urban birds. Food availability in
urban environments differs fundamentally from
natural systems through availability of anthropogenic
resources, seasonal variation in fruit production due to
ornamental plantings, and changes in insect abundance
driven by pesticide use and habitat modification.
Tropical avian communities have received
substantially less research attention than temperate
systems, despite tropical regions harboring majority of
global avian diversity. Available research from
tropical cities (reviewed in Raman et al.,, 2006)
indicates similar patterns to temperate regions with
modifications reflecting tropical-specific factors.
Research on Indian bird communities in urbanizing
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regions remains limited, with notable exceptions
including Rawat & Menon (2010) in Bangalore,
Sundar et al. (2016) in the Nilgiris, and Kumar et al.
(2019) in Ludhiana. These studies consistently
document species richness reductions averaging 30-
40% in urban versus rural sites, marked changes in
community composition, and behavioral
modifications in generalist species. However,
systematic research in eastern India remains scarce,
motivating the present study. Recent theoretical
advances in behavioral ecology emphasize the concept
of the behavioral repertoire and plasticity gradients as
central mechanisms determining urbanization
responses. Schilthuizen & Kellermann (2014) propose
that behavioral plasticity may buffer against
environmental change but create evolutionary
constraints reducing long-term adaptability. This
perspective suggests monitoring behavioral responses
as early indicators of population stress preceding
demographic declines.

Current research gaps include: (1) limited
understanding of behavioral responses to urbanization
in tropical avian communities; (2) insufficient data on
population-level  consequences of  behavioral
modifications; (3) incomplete characterization of
which environmental urbanization factors most
directly drive behavioral changes; and (4) limited
integration across scales from individual behavioral
responses to community-level and ecosystem-level
consequences. The present study addresses these gaps
through systematic investigation of behavioral
ecology and population responses across urbanization
gradients in Ranchi, contributing to evidence base for
tropical avian conservation and sustainable urban
planning.

3. Methodology
3.1 Study Area and Site Selection
This study was conducted in and around Ranchi
(23.34°N, 85.33°E), capital of Jharkhand state, India.
Ranchi is located in the Chota Nagpur Plateau at
elevation 651 m. The region experiences subtropical
climate with distinct seasons: monsoon (June-
September, 75% of annual precipitation), winter
(December-February), and dry season (March-May).
Five study sites were selected representing
urbanization gradient: (1) Dense Urban (City Center,
high building density, minimal vegetation), (2)
Commercial Urban (business district, intermediate
built infrastructure), (3) Peri-urban (residential areas
with scattered vegetation), (4) Agricultural Rural
(agricultural lands with remnant patches of natural
vegetation), and (5) Natural Rural (semi-natural
deciduous forest remnants). Site selection employed
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stratified random sampling based on satellite imagery
analysis and urbanization metrics. Each site
encompassed minimum 20 hectares to ensure adequate
sample sizes. The study was conducted March 2023
through February 2024 (12 consecutive months),
enabling capture of seasonal variation in avian
communities.

3.2 Bird Sampling and Behavioral Observation
We employed point count methodology as the primary
bird survey technique, conducting counts during peak
activity periods (06:00-10:00 hours and 16:00-18:00
hours) with unlimited radius for distance analysis.
Five survey points were established at each site,
separated by minimum 250 meters. Monthly surveys
were conducted on each site, with point counts lasting
10 minutes. Species identity, number of individuals,
distance from observer, and behavioral activity were
recorded. All identifications were made using standard
field guides (Ali & Ripley, 1987; Grimmett et al.,
1998). Behavioral observations focused on foraging,
roosting, nesting, and social behaviors. We
documented foraging substrate utilization (ground,
lower vegetation, mid-story, canopy), foraging
technique (gleaning, hawking, probing), diet
composition through direct observation, inter-bird
spacing patterns, and vocalization activity. Behavioral
sampling employed focal animal sampling (10-minute
observation periods) on selected species, with 2-3
observations per species per site per month.
Vocalization characteristics were recorded using
digital audio recorder (Zoom HI1) at consistent
recording conditions (distance, time of day, ambient
noise), with subsequent frequency analysis using
Kaleidoscope software. Reproductive activity was
monitored through nest searches and parentage
inference based on behavior patterns.

3.3 Environmental Characterization and Statistical
Analysis

Urbanization metrics were quantified at multiple
spatial scales using ArcGIS analysis of satellite
imagery and field surveys. Metrics included building
density (%, 100m radius), impervious surface
coverage (%, 100m radius), vegetation density
measured via NDVI from Sentinel-2 imagery, noise
pollution measured using digital sound level meter (dB
Leq), light pollution quantified from night-time
satellite imagery, and fragmentation indices (edge
density, patch density). Bird species richness and
diversity were calculated using standard indices:
species richness (S), Shannon diversity index (H'),
Simpson's diversity index (D), and Pielou's evenness
(J). Community composition differences were
analyzed using cluster analysis and non-metric
multidimensional  scaling (NMDS) ordination.
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Relationships between urbanization metrics and
behavioral/population responses were examined using
generalized linear models (GLM) and logistic
regression, with model selection based on Akaike
Information Criterion (AIC). Significance testing
employed 0=0.05. Statistical analyses were performed
using R 4.2.1 with packages vegan, ggplot2, and
MuMIn.
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4. Data Collection And Analysis

Systematic data collection across five sites over 12
months yielded comprehensive dataset on avian
community structure and behavior. The following
tables present key findings supporting the research
objectives:

Table 1: Species richness and diversity metrics across urbanization gradient

Site Type Species Shannon Index | Simpson Index | Pielou Evenness
Richness (S) (H") D) "

Dense Urban 18 2.14 0.72 0.68

Commercial 24 2.46 0.78 0.72

Urban

Peri-urban 32 2.89 0.84 0.78

Agricultural 38 3.24 0.88 0.82

Rural

Natural Rural 45 3.67 0.91 0.85

Values represent means across 12-month study period.
Species richness shows 60% decline from natural rural

to dense urban sites.

Table 2: Comparative behavioral frequencies in urban versus rural populations

Behavioral Metric Urban (%) Rural (%) Difference (%) p-value
Ground Foraging 68 32 +36 0.001
Anthropogenic Food 54 12 +42 0.001
Nocturnal Activity 26 8 +18 0.012
Reduced Vocaliz. Freq. 44 18 +26 0.003
Reduced Nesting Success 38 14 +24 0.008

Table 2: Comparative behavioral frequencies in urban
versus rural populations of selected species (n=245

focal observations). All differences significant at
p<0.05 level.

Table 3: Urbanization metrics across study sites

Urbanization Metric Dense Urban Peri-urban Rural Unit
Building Density 78 32 8 %
Impervious Surface 82 48 12 %
Vegetation Density (NDVI) 0.34 0.52 0.71 Index
Ambient Noise (Leq) 74 62 48 dB
Light Pollution (NTL) 58 24 4 DN

Table 3: Urbanization metrics across study sites.
Building density, impervious surface, ambient noise,

and light pollution increase dramatically in urban
zones, while vegetation density decreases.

Table 4: Population abundance trends of representative species across urbanization gradient

Species Urban Mean Abund. | Rural Mean Abund. | Trend Guild
House Sparrow 8.4 2.1 1 +300% | Granivore
Indian Peafowl 1.2 3.8 1 -68% Omnivore
Common Jora 0.8 24 1 -67% Insectivore
Rose-ringed Parakeet | 3.6 1.2 1 +200% | Frugivore
Purple Sunbird 0.4 1.6 1 -75% Nectarivore




\\ ,‘
1JPP
Table 4: Population abundance trends of

representative species across urbanization gradient.
Values represent mean individuals per point count.
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Arrows indicate population direction over 12-month
study period.

Table 5: Logistic regression results identifying environmental drivers of behavioral modifications

Environmental Variable Coefficient SE z-value p-value
Building Density 0.048 0.012 4.12 <0.001
Vegetation Density -1.82 0.38 -4.78 <0.001
Ambient Noise (Leq) 0.064 0.018 3.56 0.002
Light Pollution (NTL) 0.028 0.014 2.14 0.038
Fragmentation Index 0.156 0.042 3.71 <0.001

Table 5: Logistic regression results identifying
environmental drivers of behavioral modifications.
Model: behavioral plasticity ~ building density +
vegetation density + noise + light + fragmentation. All
terms with p<0.05 are retained in final model.
AIC=456.8, pseudo-R>=0.68.

5. Discussion

5.1 Effects of Urbanization on Avian Community
Structure

Our findings reveal substantial restructuring of avian
communities across the urbanization gradient in
Ranchi. The 60% reduction in species richness from
rural (45 species) to dense urban (18 species) sites
aligns with patterns documented across temperate and
tropical regions. Critically, this loss reflects both true
local extirpations and range contractions rather than
simple emigration to adjacent habitat patches. The
species-area relationship predicts species loss with
habitat reduction, and our results suggest non-random
assembly where specialist species with restricted
habitat requirements disappear first. Notably,
specialist insectivores including Purple Sunbird
(Cinnyris asiaticus), Common lora (Aegithina tiphia),
and various flycatcher species (Muscicapidae)
exhibited 65-75% abundance reductions in urban
zones. Conversely, generalist species demonstrated
strong positive population responses, with House
Sparrow (Passer domesticus) showing 300% increase
and Rose-ringed Parakeet (Psittacula krameri)
increasing 200%. These patterns suggest strong habitat
selection at the species level, with specialists avoiding
urban environments and generalists actively
colonizing urban niches. Shannon diversity indices
declining from 3.67 to 2.14 across the gradient
confirm not just richness loss but also marked changes
in community evenness and dominance patterns. The
commercial urban site exhibited intermediate diversity
(2.46), suggesting that some urban vegetation
management practices preserve diversity relative to
dense development. The peri-urban site maintained 32
species (71% of rural richness), indicating substantial

conservation potential in moderately urbanized
landscapes if vegetation is adequately maintained.

5.2 Behavioral Modifications and Ecological
Plasticity

Behavioral modifications in urban birds manifested
across multiple dimensions with significant functional
consequences. The 36% increase in ground foraging in
urban versus rural populations indicates substantial
diet shift toward anthropogenic resources and ground-
based arthropods. Detailed dietary analysis identified
insects (58% of observations in rural sites) as primary
prey, while urban birds consumed more seed/grain
(42%), bread/human food (28%), and scavenged
garbage (18%). This diet modification indicates both
food availability changes and behavioral flexibility
enabling  resource  utilization in  modified
environments. Critically, reliance on anthropogenic
food introduces quality and consistency issues
potentially affecting nutritional adequacy, immune
function, and reproductive success. The 42% increase
in anthropogenic food consumption documented here
suggests substantial ecological trap potential where
apparent resource sufficiency masks nutritional
inadequacy. Modified activity patterns including 18%
increase in nocturnal activity in urban birds may
reflect behavioral avoidance of diurnal human
disturbance. Nocturnal activity increases predation
vulnerability and energetic costs, potentially
contributing to documented reduced reproductive
success (38% reduction in nest success in urban versus
rural birds). The 26% increase in reduced vocalization
frequency in urban birds likely reflects noise-mediated
communication modification. Previous research
demonstrates  that species adjust minimum
vocalization frequencies to exceed ambient noise, and
our acoustic analyses found dominant frequencies
increased 1.1-2.3 kHz in urban populations of brown-
headed bulbul and other species. While such acoustic
plasticity enables short-term persistence, the costs
remain incompletely understood. Chronic vocalization
at elevated frequencies requires higher respiratory
effort, may compromise territory defense if other
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species cannot detect modified signals, and could
reduce reproductive success if females fail to locate
males effectively.

Logistic regression results identified building density,
vegetation loss, noise pollution, light pollution, and
habitat fragmentation as significant drivers of
behavioral modification (Table 5). The strong
relationship between vegetation density and
behavioral plasticity (coefficient = -1.82, p<0.001)
suggests that vegetational structure fundamentally
constrains behavioral options available to birds.
Reduced vegetation eliminates foraging substrates,
nesting sites, and refuge habitat, forcing behavioral
modifications. Building density shows positive
relationship with behavioral modifications (coefficient
= 0.048, p<0.001), indicating that increased structural
complexity of human-made environments drives
behavioral adjustments. Noise pollution coefficients
(0.064, p=0.002) confirm noise as significant
behavioral modifier, consistent with decades of
research on urban noise effects. The observed pattern
of wvocalization frequency elevation represents
adaptive behavioral response reducing communication
masking, yet this adaptation carries energetic and
reproductive costs. Model fit (pseudo-R?=0.68)
suggests these variables account for substantial
variation in behavioral outcomes, with remaining
variation attributable to unmeasured factors including
anthropogenic  predation (domestic  cats/dogs),
microhabitat heterogeneity, and individual-level
variation in behavioral plasticity.

5.3 Comparison with Previous Research

Our findings on species richness losses align closely
with literature from other regions. In temperate cities,
species richness losses typically range 25-50%, while
tropical cities show 30-40% reductions (as reviewed
by Raman et al., 2006). Our 60% loss from natural to
dense urban sites falls toward the upper end of this
range, possibly reflecting the combination of habitat
loss and the particularly high sensitivity of tropical
specialists to environmental change. Compared to
Rawat & Menon's (2010) Bangalore study
documenting 31% species loss in urban parks versus
natural forests, our findings show substantially greater
loss, attributable to our inclusion of ultra-dense urban
centers with minimal vegetation. Our documented
diversity indices (H'=3.67 in rural sites) match closely
with Mukherjee et al. (2015) reporting H'=3.52-3.74 in
Western Ghats forest sites. Urban H' values (2.14 in
dense urban) exceed those reported in some severe
urban studies but remain well below rural values. The
observed community shift toward granivores and
away from insectivores closely parallels patterns from
Mediterranean cities (Clergeau et al., 2006),
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Australian cities (Magura et al., 2010), and North
American cities (McKinney, 2002). This consistency
across continents suggests fundamental filtering
mechanisms where dietary generalism, behavioral
plasticity, and tolerance to disturbance become
prerequisites for urban colonization. However, the 15
species demonstrating behavioral plasticity through
diet and activity modifications in our study exceeds
counts typically reported in temperate systems,
possibly reflecting greater environmental variability
selection pressure in tropical climates predisposing
tropical species toward behavioral flexibility.

Noise pollution effects documented in our study
(coefficient 0.064, representing ~6% increase in
behavioral modification per dB) align with findings
from Slabbekoorn & Peet (2003) demonstrating
consistent relationships between noise and avian
behavior across species. Our findings on vocalization
frequency shifts (1.1-2.3 kHz increases) slightly
exceed the 0.5-2.0 kHz range documented in European
songbirds by Ibafiez-Alamo & Magrath (2010),
suggesting either greater noise levels in Ranchi (mean
74 dB in urban zones) or greater plasticity in tropical
species. Light pollution effects (coefficient 0.028)
show directional consistency with Kempenaers et al.
(2010) demonstrating light-mediated phenological
shifts, though our magnitude seems modest compared
to temperate systems, possibly because tropical birds
already exhibit more variable phenology partly driven
by monsoon fluctuations.

The substantial negative impact on nesting success
(38% in urban versus 14% in rural sites) warrants
particular conservation attention. Similar nest
predation/parasitism increases have been documented
across multiple continents. In our study, reduced
nesting success appeared driven by predation
(primarily by Indian House Crow and domestic dogs),
reduced food availability affecting provisioning, and
vegetation loss limiting secure nest site availability.
Predation rates on nests increased dramatically in
urban zones (68% of failed nests in urban sites versus
28% in rural sites), suggesting that introduced predator
populations (particularly domestic cats averaging 8.4
per hectare in urban zones versus 0.2 per hectare in
rural zones) represent major conservation problem.
Parasitism by Asian Koel (Eudynamys scolopacea)
did not vary significantly across sites, suggesting
parasitism not urban-driven. Reduced provisioning
success may relate to diet quality changes, with birds
provisioning primarily on anthropogenic food of
potentially lower nutritional quality. Nest site
availability limited nesting in urban zones, with
extensive cavity loss from tree removal and building
demolition reducing nesting opportunities for cavity-
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nesting species.

These results highlight interconnection between
population-level ~ demographic  processes  and
individual behavioral responses. While behavioral
plasticity enables short-term persistence, behavioral
modifications generate demographic costs through
reduced reproductive success and potentially
compromised survival. This creates concerns
regarding ecological trap dynamics where urban
environments appear attractive (through food
availability, moderate climate) yet generate
suboptimal demographic outcomes. Long-term
persistence of urban bird populations may depend on
population subsidies from adjacent rural populations,
creating source-sink dynamics where urban
populations function as demographic sinks. For
species lacking access to rural population sources (i.e.,
in extensively urbanized regions), this dynamic
portends long-term population declines despite
apparent behavioral flexibility.

6. Conclusion
This comprehensive study of behavioral ecology of
bird populations across urbanization gradients in
Ranchi reveals substantial negative impacts of urban
expansion on avian communities. Species richness
declines 60% from natural to dense urban habitats,
with consistent loss of specialist insectivores and gains
of generalist granivores and frugivores. Behavioral
modifications manifest across foraging, activity
patterns, and vocalization characteristics, driven
primarily by vegetation loss, noise pollution, and
habitat fragmentation. While behavioral plasticity
enables colonization of urban habitats by certain
species, urban environments simultaneously impose
demographic costs through reduced nesting success
and potentially compromised nutritional status.
Logistic regression analysis identifies building
density, vegetation loss, noise pollution, light
pollution, and fragmentation as  principal
environmental drivers of behavioral responses. These
findings underscore the multifaceted nature of
urbanization impacts, operating simultaneously at
behavioral, demographic, and community levels. For
effective avian conservation in rapidly urbanizing
regions, evidence-based urban planning incorporating
green infrastructure, noise mitigation, and ecological
corridor establishment is essential. Specifically, we
recommend: (1) establishment of urban green spaces
maintaining minimum vegetation density to preserve
avian habitat; (2) noise mitigation strategies in
construction and transportation to reduce chronic
acoustic disturbance; (3) predator management
programs controlling domestic cat and dog
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populations; (4) establishment of ecological corridors
linking fragmented habitat patches to enable
movement and genetic exchange; and (5) restricted
development in key habitat areas identified through
targeted surveys. Future research should integrate
behavioral ecology with population genetics and
demographic modeling to predict long-term
population trajectories and identify management
interventions with highest conservation return on
investment. This study contributes critically needed
data on tropical avian responses to urbanization,
supporting evidence-based conservation policy in
rapidly developing nations.
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