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ABSTRACT

Urbanization and anthropogenic disturbances strongly affect avian behavior, especially dawn chorus activity. This study examined the effects
of environmental variables such as noise levels and light intensity on dawn chorus dynamics. Surveys were conducted at four urban and semi-
natural habitats in Pune during the monsoon 2025 and winter 2026. Variations in bird vocalization patterns, timing, and behavioral responses
were analyzed in relation to increasing urban noise and artificial light at night. Sampling was conducted at Prabhat Road, BMCC Road,
Hanuman Tekdi, and Vetal Tekdi during early morning hours at five-minute intervals. Ambient noise and illuminance were measured using
calibrated mobile applications, while bird species were identified using Merlin Bird ID and field observations. Results showed that urban sites
had higher noise levels and greater anthropogenic disturbance than hillock ecosystems. Dawn chorus activity increased with sunrise and rising
light intensity. Winter observations recorded higher lux values and stronger bird vocalization. Variations in chorus timing and activity reflected
the influence of urban environmental conditions on avian behavior. Principal Component Analysis (PCA) revealed significant associations

among seasonal variation, light intensity, and noise conditions.
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INTRODUCTION

Urbanization is a dominant driver of environmental change in
the 21st century (Wang et al.,, 2021). It alters natural habitats
through increased infrastructure, human activity, and resource
consumption (Ahmed et al., 2020; Chen & Chen, 2023; Cissé et
al, 2024). Among the less visible but ecologically significant
consequences of urban growth are elevated noise levels and
widespread artificial light at night (ALAN) (Gaston & Sanchez,
2022; Salikhova et al., 2023; Nyamagoud et al., 2024). These
factors disrupt natural sensory environments that many
organisms rely on for survival and reproduction. Birds, in
particular, are highly sensitive to both acoustic and light cues
(Boycott et al., 2021; Tam et al., 2023; Kariri et al., 2024). Daily
and seasonal behaviours of birds are closely synchronized with
environmental rhythms (Greenfield et al, 2021; Singh et al,
2023; Hashem et al, 2024). One of the most prominent
behavioral phenomena in birds is the dawn chorus (Gil & Llusia,
2020; Guzek et al, 2023; Csep et al, 2024). It is a period of
intense vocal activity that occurs at first light and plays a critical
role in territory establishment, mate attraction, and intra-
species communication. In rapidly developing cities such as
Pune, the intensification of anthropogenic disturbances raises
important questions about how urban conditions are reshaping
these natural behaviors (Patel & Raval, 2024; Manfredini et al.,
2024; Petronis et al., 2025). The expansion of road networks,
commercial zones, and residential complexes has led to a

continuous increase in background noise and skyglow, even
during pre-dawn hours (Jechow & Holker, 2020; Cinaroglu et al.,
2023; Cakmak et al, 2024). Such persistent exposure can
interfere with circadian rhythms, leading to physiological stress
and behavioral adaptations in urban bird populations (Bratt &
Naimi-Akbar, 2023; Leadbeatter & Tjaya, 2024; Sayuri, 2026).
These changes may contribute to long-term ecological shifts
within urban biodiversity.

The dawn chorus is regulated by endogenous biological clocks
and external environmental signals, mainly light intensity and
ambient sound conditions (Marin-Gémez & MacGregor-Fors,
2021). Marin-Gémez (2022) reported that artificial light at night
(ALAN) can extend perceived daylight hours, leading birds to
initiate singing earlier than they would under natural conditions
(Cinaroglu et al.,, 2023; Muthanandam et al., 2024). Similarly,
elevated urban noise can mask bird vocalizations, forcing
species to adjust the timing, frequency, or amplitude of their
calls (Merrall & Evans, 2020). These behavioral modifications
may have cascading ecological consequences, including altered
species interactions, reduced reproductive success, and shifts in
community composition (Wilson et al., 2020; Fisher et al,, 2021;
Ahmed et al., 2023a; Ahmed et al., 2023b; Ahmed, 2023c; Carita
etal., 2025).

The study examines correlations between environmental noise,
artificial light at night (ALAN), and bird behavior, particularly
dawn chorus patterns. Prabhat Road and BMCC Road
represented urban and commercial areas, while Hanuman
Tekdi and Vetal Tekdi represented relatively less disturbed
urban green spaces with dense vegetation in Pune. It also
investigates seasonal variation and consistency in dawn chorus
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characteristics, while assessing overall avian diversity.

A standardized methodology was used to ensure reliable data
across sites and seasons, with observations conducted during
monsoon and winter mornings. Light and noise were measured
using calibrated smartphone applications, and birds were
identified through smartphone-based acoustic and visual tools.
Data were recorded at five-minute intervals using tripod-
mounted devices, supported by qualitative field observations
for context. Therefore, the present investigation highlights
critical research gaps in understanding the effects of urban
environments on avian behavior.

MATERIALS AND METHODS

Study area and site selection

To capture environmental and ecological variation across an
urban gradient, multiple sites were selected within Pune based
on accessibility, safety, and contrasting levels of artificial light
and noise. The selected sites differed in land use, vegetation,
human activity, and bird composition, representing habitat
types within a rapidly urbanizing landscape (Figure 1).
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Figure 1. Study Area Locations in Pune

Sampling design and temporal coverage

All sites were visited repeatedly during the early morning hours
across two seasonal periods, namely the monsoon (August-
September 2025; 05:00-06:45 AM) and winter (January-
February 2026; 06:00-07:30 AM). Data were collected at five
minute intervals under similar environmental conditions to
study changes in bird call activity in response to environmental
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factors.

Sampling sites and classification

The study was conducted at four sampling locations in Pune,
Maharashtra. Prabhat Road (Site A; 18°30'53"N, 73°49'53"E)
and BMCC Road (Site C; 18°31'09"N, 73°50'09"E) represented
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urban and commercial jogging-track areas, whereas Hanuman
Tekdi (Site B; 18°31'29"N, 73°50'00"E) and Vetal Tekdi (Site D;
18°31'33"N, 73°49'19"E) represented relatively less disturbed
urban green spaces characterized by hillock ecosystems with
dense vegetation.

Equipment and calibration

Field data collection was conducted using minimal yet effective
equipment suitable for simultaneous sampling across urban
locations. Three smartphones equipped with relevant mobile
applications were used as primary tools for recording
environmental variables, and all applications were calibrated
prior to data collection through repeated measurements to
ensure consistency and reliability.

Measurement of environmental variables

Ambient light levels were recorded using a lux meter
application obtained from the Google Play Store, with
maximum, minimum, and average lux values considered to
capture illuminance levels immediately before and after
sunrise. Ambient noise levels were measured using a decibel
meter application, with maximum, minimum, and average
sound pressure levels (dB) recorded to assess traffic noise,
honking, and background urban soundscape.

Bird species identification

Bird species identification was carried out in real time using the
Merlin Bird ID application, which facilitated identification based
on both visual and acoustic cues. Species identifications were
further reviewed and verified using standard field guides to
ensure accuracy in documenting avian presence during each
sampling session.

Data recording procedure

All smartphones were mounted on adjustable tripods to ensure
stable placement during recording, and data were logged at five-
minute intervals throughout the sampling period. This setup
minimized handling noise and ensured consistency in device
positioning across sites and sampling events.

Field observations and supplementary data

In addition to quantitative measurements, a field notepad was
used to record qualitative observations, including weather
conditions (i.e., cloud cover, rain, and wind), chorus onset time,
species detected, and any anomalies (e.g., construction noise or
animal interference).These observations supported the
interpretation of variations in avian behavior.

Statistical analysis

Principal Component Analysis (PCA) was performed using the
software PAST to evaluate variations and associations in noise
levels and light intensity (lux) recorded across different study
sites and sampling times. The PCA biplot was used to identify
clustering patterns, temporal shifts, and correlations among
environmental variables and monitoring locations.

RESULTS AND DISCUSSION

The results of field measurements of climatic and urban
environmental variables during the sampling period are shown
in Table 1.

Table 1. Field Measurements of Climatic and Urban Environmental Variables during Sampling Period

v S S e T et |t v "R g
1 20Sep2025 C 6:23 AM Partly cloudy 19.9 26.7 93 6 12.2 Present
2 21Sep2025 B 6:23 AM Partly cloudy 20.2 27.6 92 7 14.4 None
3 22Sep2025 D 6:23 AM Partly cloudy 19.4 25.8 95 4 13 None
4 23Sep2025 A 6:23 AM Partly cloudy 18 23.8 94 3 14.8 Present
5 16Jan2026 B 7:10 AM Partly cloudy 14.8 29.4 63 8 11.9 None
6 18Jan2026 D 7:10 AM  Clear conditions 15.8 28.1 65 8 16.2 None
7 21]Jan 2026 A 7:10 AM  Clear conditions 14.3 28.1 61 8 14.4 Present
8 27Jan2026 D 7:10 AM Partly cloudy 18.4 28.1 75 7 14 None
9 28Jan2026 B 7:10 AM Partly cloudy 15.2 28.8 70 8 11.2 None
10 29]Jan2026 C 7:09 AM Partly cloudy 16.8 28.2 65 7 14.8 Present
11 30Jan2026 A 7:09 AM Partly cloudy 18.4 28.3 63 7 14.4 Present
12 01Feb2026 D 7:08 AM  Clear conditions 16.2 27.8 64 8 11.9 None
13 04Feb2026 D 7:07 AM Partly cloudy 18.5 30 55 8 14.8 None
14 05Feb2026 C 7:07 AM  Clear conditions 17.7 29.6 54 8 14.8 Present
15 06Feb2026 B 7:07 AM  Clear conditions 16 28.7 52 9 15.1 None
16 10Feb2026 C 7:05AM  Clear conditions 16.4 30.6 58 9 10.1 Present
17 12Feb2026 C 7:04 AM  Clear conditions 17.3 30.1 47 9 13.3 Present
18 13Feb2026 A 7:04 AM  Clear conditions 15.7 29.8 52 9 7.9 Present
19 14Feb2026 A 7:03 AM  Clear conditions 16.4 30.2 49 9 9.4 Present
20 15Feb2026 B 7:03 AM  Clear conditions 17.6 30.5 51 9 7.6 None

The results of combined seasonal variation in noise, light
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intensity, and active dawn chorus period across all study sites
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are shown in Table 2.

Table 2. Combined Seasonal Variation in Noise, Light Intensity, and Active Dawn Chorus Period Across All Study Sites

;:. Cs(izlee Season Date MaxdB MindB 1\[/‘11211: 11\112 Active 3::_’:: dChorus Dominant Species

1 A Monsoon 29 Sep 2025 78.4 28.5 32 2 6:20-6:30 AM Crow, Rose-ringed Parakeet

2 A Winter 21 Jan 2026 79.4 33.7 210 2 7:10-7:25 AM Rose-ringed Parakeet

3 A Winter  30]Jan 2026 76.3 333 758 8 7:15-7:25 AM Alexandrine Parakeet

4 A Winter 13 Feb 2026 74.9 30.8 574 28 6:45-7:15 AM Crow, Rose-ringed Parakeet

5 A Winter 14 Feb 2026 76.5 35.8 591 27 6:50-7:10 AM Mixed species

6 B Monsoon 21 Sep 2025 76.1 21.2 185 0 6:00-6:25 AM Alexandrine Parakeet

7 B Winter 16 Jan 2026 78.6 35.4 3157 0 6:45-7:25 AM Parakeets and Crow

8 B Winter  28Jan 2026 73.2 18.6 1940 O 6:50-7:25 AM Parakeets and Crow

9 B Winter 15 Feb 2026 59.6 36.5 2734 0 6:55-7:20 AM Alexandrine & Rose-ringed Parakeet
10 B Winter 15 Feb 2026 59.6 36.5 2734 0 6:55-7:20 AM Alexandrine & Rose-ringed Parakeet
11 C Monsoon 20 Sep 2025 69.4 26.6 137 1 6:10-6:30 AM Alexandrine & Rose-ringed Parakeet
12 C Winter 29 Jan 2026 71.7 30.4 579 0 6:55-7:15 AM Rose-ringed & Alexandrine Parakeet
13 C Winter 05 Feb 2026 75.2 32.8 652 0 6:50-7:15 AM Alexandrine & Rose-ringed Parakeet
14 C Winter 10 Feb 2026 73.3 30.2 483 0 6:50-7:25 AM Alexandrine & Rose-ringed Parakeet
15 C Winter 12 Feb 2026 73.9 32.3 425 0 6:50-7:20 AM Asian Koel, Alex. Parakeet, Bulbul
16 D Monsoon 22 Sep 2025 53.6 25.5 33 0 6:05-6:30 AM Peacock, Bulbul, Alex. Parakeet
17 D Winter 18 Jan 2026 52.2 22.6 360 0 7:00-7:30 AM Alexandrine & Rose-ringed Parakeet
18 D Winter 27 Jan 2026 51.9 21.4 301 0 7:00-7:20 AM Alexandrine parakeet, Red-vented bulbul
19 D Winter 01 Feb 2026 56.1 26.8 579 0 6:55-7:25 AM Alexandrine & Rose-ringed Parakeet
20 D Winter 04 Feb 2026 56.0 279 487 0 6:55-7:25 AM Alexandrine & Rose-ringed Parakeet

Table 3 shows the list of bird species observed during the study period.

Table 3. List of Bird Species Observed During Study Period

Sr. No. Common Name Scientific Name
1) Large-billed Crow Corvus macrorhynchos
2) Crow (House Crow) Corvus splendens
3) Asian Koel Eudynamys scolopaceus
4) Rose-ringed Parakeet Psittacula krameri
5) Red-vented Bulbul Pycnonotus cafer
6) Alexandrine Parakeet Psittacula eupatria
7) Common Tailorbird Orthotomus sutorius
8) Red-whiskered Bulbul Pycnonotus jocosus
9) Black Kite Milvus migrans
10) Little Swift Apus affinis
11) Ashy Prinia Prinia socialis
12) Greater Coucal Centropus sinensis
13) Indian Nightjar Caprimulgus asiaticus
14) Tickell's Blue Flycatcher Cyornis tickelliae
15) Indian Peafowl Pavo cristatus
16) Oriental Magpie-robin Copsychus saularis
17) Coppersmith Barbet Psilopogon haemacephalus
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18) Red-wattled Lapwing Vanellus indicus
19) Purple Sunbird Cinnyris asiaticus
20) Asian Green Bee-eater Merops orientalis
21) Black Drongo Dicrurus macrocercus
22) Rufous Treepie Dendrocitta vagabunda
23) Laughing Dove Spilopelia senegalensis
24) Plum-headed Parakeet Psittacula cyanocephala
25) House Sparrow Passer domesticus
26) Spot-breasted Fantail Rhipidura albogularis
27) Spotted Owlet Athene brama

28) Asian Tit (Cinereous Tit) Parus cinereus

29) Common Myna Acridotheres tristis
30) Indian Paradise Flycatcher Terpsiphone paradisi
31) Red-breasted Flycatcher Ficedula parva

32) Indian White-eye Zosterops palpebrosus
33) Purple-rumped Sunbird Leptocoma zeylonica
34) Pale-billed Flowerpecker Dicaeum erythrorhynchos
35) Indian Grey Hornbill Ocyceros birostris
36) Shikra Accipiter badius
37) Grey-breasted Prinia Prinia hodgsonii
38) White-throated Kingfisher Halcyon smyrnensis

General field observations at study areas

Observations across all four sites showed clear differences in
noise levels, illuminance, and dawn chorus activity between
seasons. Urban sites, Site A and Site C, recorded higher noise
levels (30.2-79.4 dB) from vehicular traffic, construction, and
pedestrian activity as shown in Figure 2, while hillock sites
showed lower baselines overall. Illuminance was suppressed
during the monsoon across all sites due to cloud cover, rarely
exceeding 185 Ix. In contrast, winter produced much higher
values, peaking at 3,157 Ix at Site B on 16 January 2026, as
shown in Figure 3. Site A recorded a consistent pre-dawn lux of
19-20 Ix from 6:10 AM onwards, reflecting the direct influence
of streetlights even before sunrise.

Chorus onset timing shifted with season and site type. During
the monsoon, activity began between 5:55 and 6:30 AM, aligning
with the 6:23 AM sunrise, though overall intensity was lower
due to cloud cover and rainfall. In winter, onset ranged from
6:45 AM at Site B to 7:10 AM at Site A, despite a similar sunrise
window of 7:03-7:10 AM across all sites, suggesting that urban
noise delayed chorus initiation beyond the photoperiod cue.
Rose-ringed Parakeet and Alexandrine Parakeet were the most
consistently active species at all sites. At the same time, while
Indian Peafowl and Red-vented Bulbul were largely confined to
Site B, indicating that habitat quality remains a key factor in
supporting avian diversity during the chorus window.
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Seasonal variation in dawn chorus activity, noise levels, and light
intensity at site A

Monsoon observations at Site A on 29 September 2025 recorded
a maximum noise level of 78.4 dB and a minimum of 28.5 dB at
5:10 AM. Light intensity ranged from 2 Ix (5:10-5:20 AM) to 32
Ix at 6:30 AM. Chorus activity increased after 5:30 AM, peaking
between 6:20-6:30 AM, indicating a shift from vehicular noise
dominance to increased bird activity after sunrise.

Winter observations on 21 January 2026 recorded maximum
and minimum noise levels of 79.4 dB (7:20 AM) and 33.7 dB
(6:15 AM), respectively. Light intensity varied from 2 Ix (6:15-
6:40 AM) to 210 Ix at 7:30 AM. Chorus activity increased after
6:50 AM, peaking between 7:10-7:25 AM, mainly dominated by
rose-ringed parakeets.

Observations on 30 January 2026 showed noise levels ranging
from 33.3 dB (6:40 AM) to 76.3 dB (7:10 AM), while light
intensity increased from 8 Ix at 6:50 AM to 758 Ix at 7:30 AM.
Peak chorus intensity occurred at 7:25 AM and was dominated
by Alexandrine parakeets.

On 13 February 2026, noise levels ranged from 30.8 dB (6:20
AM) to 74.9 dB (7:15 AM), while light intensity varied between
28 Ix (6:10-6:40 AM) and 574 Ix at 7:30 AM. Chorus activity
increased after 6:45 AM, with medium intensity dominated by
rose-ringed parakeets and crows.

Observations on 14 February 2026 recorded the maximum and
minimum noise levels of 76.5 dB (7:30 AM) and 35.8 dB (6:10
AM), respectively. Light intensity ranged from 27 Ix (6:10-6:35
AM) to 591 Ix at 7:30 AM. Peak chorus activity occurred between
6:50-7:10 AM, followed by moderate fluctuations as daylight
increasded.

Time-wise observations at Site A showed seasonal variation in
noise and illuminance. During the monsoon, noise levels ranged
from 40.5 dB (5:25 AM) to 56.4 dB (5:50 AM), reflecting
moderate fluctuations under limited human activity. In winter,
noise levels were higher, ranging from 42.4 dB (6:15 AM) to 65
dB (7:25 AM), indicating increased anthropogenic activity.
Monsoon illuminance remained low, between 3 Ix and 25 Ix, due
to cloud cover and reduced sunlight. Winter lux values
increased sharply from 5 Ix (6:10 AM) to 740 Ix (7:30 AM),
reflecting clearer skies and stronger solar radiation. Overall,
winter conditions showed greater intensity and variability in
both noise and light compared to monsoon conditions.

Seasonal variation in dawn chorus activity, noise levels, and light
intensity at site B

Monsoon observations at Site Bon 21 September 2025 recorded
amaximum noise level of 76.1 dB at 6:15 AM and a minimum of
21.2 dB at 6:25 AM. Light intensity ranged from 0 Ix (5:10-5:15
AM) to 185 Ix at 6:30 AM. Chorus activity increased after 6:00
AM, with Alexandrine parakeets dominating later intervals.
Rainfall reduced anthropogenic disturbance and early bird
vocalizations.

Winter observations on 16 January 2026 recorded the
maximum and minimum noise levels of 78.6 dB (6:55 AM) and
35.4 dB (6:20 AM), respectively. Light intensity varied from 0 Ix
(6:10-6:25 AM) to 3157 Ix at 7:30 AM. Chorus activity increased
rapidly after 6:40 AM, with high intensity from 6:45 AM
onwards, dominated by parakeets and later crows despite
pedestrian and vehicular disturbance.

Observations on 28 January 2026 showed noise levels ranging
from 18.6 dB (6:45 AM) to 73.2 dB (6:35 AM), while light
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intensity increased from 0 Ix (6:10-6:30 AM) to 1940 Ix during
7:25-7:30 AM. Chorus activity rose sharply after 6:40 AM, with
high intensity from 6:50 AM onwards under pedestrian and
loudspeaker disturbance.

On 6 February 2026, noise levels ranged from 36.4 dB (6:20 AM)
to 68.4 dB (7:15 AM), while light intensity varied from 0 Ix
(6:10-6:25 AM) to 2669 Ix at 7:30 AM. Chorus activity increased
after 6:40 AM, peaking between 6:55-7:20 AM, and was
dominated by Alexandrine and rose-ringed parakeets.
Observations on 15 February 2026 recorded the maximum and
minimum noise levels of 59.6 dB (7:25 AM) and 36.5 dB (6:20
AM), respectively. Light intensity ranged from 0 Ix (6:10-6:25
AM) to 2734 Ix at 7:30 AM. High chorus intensity occurred
between 6:55-7:20 AM, dominated by rose-ringed and
Alexandrine parakeets under low initial disturbance followed
by pedestrian activity.

Time-wise observations at Site B showed seasonal differences
in noise and illuminance. During the monsoon, noise levels
ranged from 28.9 dB (6:25 AM) to 57.1 dB (6:15 AM), indicating
low to moderate acoustic activity in a less disturbed
environment. Winter noise levels ranged from 35.6 dB (6:10
AM) to 53.8 dB (7:30 AM), reflecting increased morning activity.
Monsoon illuminance remained low, from 0 Ix to 83 Ix, due to
cloud cover and limited sunlight. In winter, lux values increased
sharply from 0-1 Ix to 2384 Ix at 7:30 AM, indicating clearer
skies and stronger solar intensity. Overall, monsoon conditions
were more stable, while winter showed greater variation,
especially in light intensity.

Seasonal variation in dawn chorus activity, noise levels, and light
intensity at site C

Monsoon observations at Site C on 20 September 2026 recorded
maximum and minimum noise levels of 69.4 dB (6:30 AM) and
26.6 dB (5:20 AM). Light intensity ranged from 1 Ix (5:10-6:00
AM) to 137 Ix at 6:30 AM. Chorus activity increased after 6:00
AM, peaking between 6:10-6:30 AM and dominated by
Alexandrine and rose-ringed parakeets despite vehicular,
human, and construction noise.

Winter observations on 29 January 2026 showed noise levels
ranging from 30.4 dB (6:10 AM) to 71.7 dB (7:10 AM), while
light intensity increased from 0 Ix to 579 Ix at 7:30 AM. Chorus
activity increased after 6:45 AM, peaking between 6:55-7:15 AM
with parakeets and other species under continuous vehicular
and pedestrian disturbance.

Observations on 5 February 2026 recorded noise levels ranging
from 32.8 dB (6:15 AM) to 75.2 dB (6:35 AM). Light intensity
ranged from 0 Ix (6:10-6:40 AM) to 652 Ix at 7:30 AM. Chorus
intensity increased after 6:45 AM, peaking between 6:50-7:15
AM, dominated by Alexandrine and rose-ringed parakeets
despite traffic, pedestrian activity, and prayer-call noise.

On 10 February 2026, noise levels ranged from 30.2 dB (6:10
AM) to 73.3 dB (7:10 AM), while light intensity varied from 0 Ix
to 483 Ix at 7:30 AM. Chorus activity increased steadily after
6:45 AM, peaking between 6:50-7:25 AM under vehicular,
pedestrian, and construction disturbances.

Observations on 12 February 2026 recorded the maximum and
minimum noise levels of 73.9 dB (6:55 AM) and 32.3 dB (6:20
AM), respectively. Light intensity ranged from 0 Ix (6:10-6:35
AM) to 425 Ix at 7:30 AM. High chorus activity was observed
from 6:50-7:20 AM, involving Asian koel, Alexandrine parakeet,
and red-vented bulbul despite continuous urban disturbance.
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Comparative observations at Site C showed seasonal variation
in noise and illuminance. During the monsoon, noise levels
ranged from 31.3 dB (5:20 AM) to 53.6 dB (6:10 AM), indicating
low to moderate early morning activity. In winter, noise levels
ranged from 30.2 dB (6:30 AM) to 59.4 dB (7:30 AM), reflecting
increased vehicular and urban activity. Monsoon illuminance
remained low, between 1 Ix and 56 Ix, due to cloud cover and
reduced sunlight. Winter lux values increased from 0-1 Ix to 608
Ix at 7:30 AM, indicating clearer skies and stronger solar
radiation. Overall, winter conditions showed greater variability
and intensity in both noise and light compared to monsoon
conditions.

Seasonal variation in dawn chorus activity, noise levels, and light
intensity at site D

Monsoon observations at Site B on 22 September 2025 recorded
maximum and minimum noise levels of 53.6 dB (5:55 AM) and
25.5 dB (6:30 AM), indicating low background noise. Light
intensity increased from 0 Ix to 33 Ix at 6:30 AM. Chorus activity
rose rapidly after 5:55 AM, peaking between 6:05-6:30 AM with
peacocks, red-vented bulbuls, and Alexandrine parakeets
dominating under minimal anthropogenic disturbance.

Winter observations on 18 January 2026 showed noise levels
ranging from 22.6 dB (7:15 AM) to 52.2 dB (6:45 AM). Light
intensity increased from 0 Ix to 360 Ix at 7:30 AM. High chorus
activity occurred between 7:00-7:30 AM, dominated by
Alexandrine and rose-ringed parakeets, peacocks, and red-
vented bulbuls despite minor disturbances.

Observations on 27 January 2026 recorded noise levels
between 21.4 dB (6:45 AM) and 51.9 dB (6:35 AM), while light
intensity rose from 0 Ix to 301 Ix at 7:20 AM. Chorus activity
increased from medium intensity at 6:50-6:55 AM to high
intensity between 7:00-7:20 AM, dominated by parakeets and
red-vented bulbuls under minimal disturbance.

On 1 February 2026, noise levels ranged from 26.8 dB (6:55 AM)
to 56.1 dB (7:30 AM). Light intensity increased from 0 Ix to 579
Ix at 7:30 AM. Chorus activity became high between 6:55-7:25
AM, dominated by Alexandrine and rose-ringed parakeets and
red-vented bulbuls despite pedestrian, train, and plane noise.
Observations on 4 February 2026 showed noise levels ranging
from 27.9 dB (6:20 AM) to 56.0 dB (7:00 AM), while light
intensity increased from 0 Ix to 487 Ix at 7:30 AM. Chorus
activity reached high intensity between 6:55-7:25 AM,
dominated by parakeets and red-vented bulbuls under
moderate disturbance from pedestrian movement, train noise,
and prayer calls.

Time-wise observations at Site B showed clear seasonal
relatively
undisturbed natural conditions. During the monsoon, noise
levels ranged from 29.7 dB (6:30 AM) to 38.6 dB (5:10 AM),
indicating minimal anthropogenic disturbance. In winter, noise
levelsranged from 27.6 dB (7:15-7:25 AM) to 45.1 dB (7:30 AM),
showing slight increases with morning activity while remaining
generally quiet. Monsoon illuminance remained very low, from
0 Ix to 16 Ix, due to dense cloud cover. In winter, lux values

differences in noise and illuminance under

gradually increased from 0 Ix to 440 Ix at 7:30 AM, reflecting
clearer skies and stronger sunlight. Overall, Site B maintained
low and stable noise levels in both seasons, while winter
showed higher light intensity than monsoon conditions.

The study generated novel baseline data for Pune, Maharashtra,
thereby addressing an existing regional research gap on urban
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dawn chorus dynamics. It identified measurable deviations
from the expected timing and intensity of the dawn chorus and
demonstrated the impact of noise pollution and artificial light
on behavior of bird vocalization. The study further documented
site-specific differences in bird behaviour across relatively
undisturbed and urban environments, and established the
influence of weather variables, including temperature, light
intensity, and wind, on avian activity. In addition, it analyzed the
spatial distribution and species composition across the selected
study locations.

Urbanization significantly alters avian dawn chorus timing and
structure through anthropogenic noise and light pollution,
affecting bird acoustic communication across urban
environments (Marin-Gémez & MacGregor-Fors, 2021;
Bustamante et al., 2024). Wood et al. (2026); Zhang et al. (2022)
and Guenat and Dallimer (2023) reported that light and noise
pollution significantly affect terrestrial biodiversity and
ecosystem services, with combined exposure producing
synergistic effects on wildlife behavior, physiology, and
ecological functioning in urban and disturbed habitats. Artificial
light at night (ALAN) caused earlier dawn singing in Saffron
Finches inhabiting highly urbanized tropical areas, while
anthropogenic noise showed no significant effect on chorus
timing (Marin Gémez, 2022; Foppen et al., 2024). Yang et al.
(2025); Wang et al. (2021) and Leveau (2020) reported that
artificial light at night (ALAN) significantly influenced urban
bird diversity, with birds showing behavioral adaptation to
nocturnal light conditions in urban habitats. Combined
exposure to anthropogenic noise and artificial light at night
(ALAN) can produce interactive ecological effects on wildlife,
including behavioural, physiological, and population-level
changes (Halfwerk & Jerem, 2021; Mathiaparanam et al., 2024).
Urban green cover, anthropogenic noise, and artificial light at
night (ALAN) influenced the occurrence and vocal activity of the
Mottled Owl in urban environments (Marin-Gomez et al., 2020).
Artificial light at night (ALAN) and anthropogenic noise
negatively affect owl communication, hunting success, behavior,
and occurrence, contributing to ecological disturbance and
reduced reproductive success (Sordello et al., 2025; Orlando et
al,, 2026). Xu et al. (2026) reported that urbanization altered
birds’ acoustic circadian timing and song characteristics, with
urban bird species advancing dawn singing by an average of
23.89 minutes and modifying vocal frequencies to adapt to
urban environments. Traffic infrastructure and associated
stressors such as noise and artificial light at night negatively
influence urban bird communities and urban biodiversity
(Sander & Tietze, 2022; Frohlich et al,, 2025; Mori et al,, 2025).
Artificial light at night (ALAN) affects ecosystem functions by
altering animal behavior, plant growth, and ecological
interactions in urban green spaces and parks (Svechkina, et al.,
2020; Katabaro et al,, 2022; Seymoure et al., 2023). Artificial
light at night (ALAN) significantly increased nocturnal
vocalization and extended foraging activity in Tropical
Kingbirds, altering their natural behavioral patterns (Ramirez-
Adame et al,, 2026; Sayuri et al., 2026). Broad et al. (2024) and
Patel et al. (2025) reported that anthropogenic noise and light
disturbance disrupted vocal communication and collective
behavior in jackdaws, affecting roosting patterns, sleep-related
activity, and group coordination during collective movements.
Artificial light at night (ALAN) disrupts circadian rhythms,
behavior, physiology, and ecosystem functions in plants and
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animals, producing widespread ecological
(Falcén et al.,, 2020).

consequences

Principal component analysis

The time-wise noise variation across sites, illustrated in Figure
2, shows that Site A and Site C recorded consistently elevated
noise levels throughout the monitoring window, attributable to
vehicular traffic, pedestrian activity, and construction
disturbances. The PCA biplot reflects this pattern, with T0-T35
clustered at negative PC1 values, representing pre-sunrise noise
levels of 33-46 dB across sites, during which Table 2 records
either absent or minimal chorus activity. As anthropogenic
activity increased toward the T55-T80 interval, noise levels at
Sites A and C reached 73-79 dB (Figure 2), corresponding to
delayed chorus onset of 6:45-7:25 AM at these urban sites,
despite a 7:03-7:10 AM sunrise (Table 2). The loading vectors
indicate that Site A showed a stronger negative association with
Component 2, consistent with its higher and more variable noise
profile relative to other sites. Site D, which Figure 2 consistently
shows as the quietest monitoring location (21-56 dB) due to
minimal anthropogenic disturbance, corresponds with the
strongest negative PC1 clustering and the earliest chorus onset
of 6:05 AM recorded across the entire study period (Table 2),
indicating that lower acoustic interference supported earlier
and more consistent avian vocal activity.

The time-wise light intensity variation across sites, illustrated in
Figure 3, shows Site B recording markedly higher illuminance
values than the remaining three sites throughout the
monitoring window, attributed to its hillock elevation, absence
of streetlights, and open canopy structure. The PCA biplot
reflects this, with Site B showing notable separation along
Component 2 relative to the other sites. The clustering of T25-
T50 at negative PC1 values represents the low pre-sunrise
illuminance phase, during which Table 2 records minimal to
absent chorus activity across all sites. The progressive shift
toward positive PC1 values at T65-T80 aligns with the post-
sunrise illuminance surge visible in Figure 3, coinciding with
peak active chorus periods documented in Table 2. This pattern
was most pronounced at Site B, where illuminance reached
3,157 lux on 16 January 2026 (Figure 3) and high-intensity
chorus activity dominated by Alexandrine and Rose-ringed
Parakeets was recorded from 6:45 AM onwards (Table 2). Sites
A, C,and D clustered near the origin on Component 2, indicating
comparatively lower and similar light intensity profiles.
Monsoon sessions, characterized by partly cloudy to overcast
conditions and high relative humidity, produced a compressed
low-lux cluster in both Figure 3 and the PCA biplot,
corresponding with the shortened active chorus periods and
reduced vocal intensity observed across all sites during that
season in Table 2. The principal component analysis for
average light intensity (lux) across all four sites is shown in
Figure 4.
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Figure 4. The Principal Component Analysis for average
light intensity (lux) across all four sites was carried out
using PAST version 4 software.

CONCLUSION

The present study demonstrated significant relationships
between anthropogenic noise, artificial light intensity, seasonal
variation, and avian dawn chorus activity across different urban
habitats in Pune, Maharashtra. Urban sites such as Site A and
Site C recorded higher noise levels and greater anthropogenic
disturbance, whereas relatively undisturbed habitats like Site B
showed lower and more stable acoustic conditions. Across all
sites, bird chorus activity increased progressively with sunrise
and increasing light intensity. Winter observations generally
exhibited higher illuminance and stronger chorus activity
compared to monsoon conditions. Dominant vocal species
included rose-ringed parakeets, Alexandrine parakeets, crows,
bulbuls, peacocks, and Asian koel.

The study identified measurable shifts in dawn chorus timing
and vocal intensity associated with urban disturbance, artificial
light at night (ALAN), and environmental variables such as
temperature, wind, and weather conditions. Relatively natural
habitats supported richer avian diversity and more stable vocal
activity, while urban exhibited greater
fluctuations linked to vehicular, pedestrian, and construction
disturbances. Seasonal also influenced light
availability and acoustic conditions, affecting bird behavior
across sites. The findings provide important baseline data for
Pune, Maharashtra, and contribute to understanding the
ecological impacts of urbanization, noise pollution, and artificial
lighting on avian behavioral patterns and urban biodiversity
conservation.

environments

variation
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