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Introduction

Examples of anthropogenic noise are sounds
produced directly or indirectly by human
activities, such as transportation, industry, and
growing urban infrastructure. Unlike natural
acoustic sources, urban noise is likely to be
broadband, and
significant disturbance to the animal's sensory
habitat (Rabin et al., 2003). Researchers consider

constant, intense, causing

noise to be an ubiquitous contaminant that alters
ecosystems, similar to chemical pollutants or
habitat fragmentation (Warren et al., 2006).
Since many species use acoustic cues to perform
basic biological tasks (e.g., finding mates,
defending, or identifying predators), background
noise continuously masks signals and interferes
with the accuracy of communication (Wright et
al., 2007). With ever-growing cities, human-
generated noise has transformed areas that were
previously  serene into noise-stressful
environments where survival could depend on

behavioral adaptability.

Animal communication includes a wide
variety of signals, including vocal, chemical,
tactile, and  visual signals; acoustic
communication is more widespread among birds,
mammals, amphibians, and certain insects.
Acoustic signals are especially sensitive because
they must compete with environmental noise
generated by human presence (Patricelli &
Blickley, 2006). Interference noise may cause
animals to adjust the amplitude, frequency, or
timing of their calls to make them more effective.

Indicatively, most bird species will raise the pitch
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of their calls or change their singing times to
quieter times of day (Slabbekoorn & Ripmeester,
2008). This behavioral plasticity explains how
animals respond immediately to the disturbance
(Al-Kuhla, 2025).

Nonetheless, the adjustments can provide
trade-offs. Relevant calls (louder or longer) use
more energy, expose their prey to more
predation, or decrease foraging and parenting
time (Lowry et al., 2013). In addition to
communication, noise may increase stress levels,
disrupt social interactions, and reduce
reproductive success. As stress levels increase,
(Ditchkoff et al.,, 2006) reported behavioral
alterations in urban wildlife as simple coping
mechanisms that do not necessarily maintain
population viability. Gomes et al. (2021) also
observe that more flexible generalists might have
difficulty competing with species inhabiting
inherently silent environments or those with

limited acoustic capacity.

In Figure 1(a), the primary sources of man-
made noises that are usually present in urban
regions are traffic, construction, industrial, and
social events. These sources produce persistent
and intermittent sounds that disrupt the natural
acoustic balance and often mask the
communication signals the animals use to survive
and reproduce. The diagram emphasizes the role
of several human activities, which, when first
visualized, cluster around the central theme and
create overall louder soundscapes that wildlife

have to adjust to in urban environments.
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Figure 1(a): Sources of Anthropogenic Noise in Urban Environments

ACOUSTIC ALTERED BEHAVIORAL ECOLOGICAL
DOISELDURCES MASKING SIGNALS ADAPTATIONS CONSEQUENCES

Figure 1(b): Conceptual Architecture of Noise—-Communication Impact Pathway

This figure (Figure 1(b)) represents the
propagation of anthropogenic noise through a
series of biological effects: firstly, due to noise
sources (traffic, construction and industry),
acoustic masking occurs, which prompts
changing animal signaling, which subsequently
breeds behavioral adaptations (change in
vocalization or habitat use), and has longer-term
ecological impacts in disrupting species
interactions and maintaining the ecological

balance.

The ecological role of noise must be

understood, as the trend of urbanization
continues to redefine biodiversity on Earth.
Noise pollution affects behavioral stress
responses and evolutionary change, as well as
which species can survive in cities (Wright et al.,
2007; Rosa & Koper, 2018). According to the
research, evidence of changes in communication
strategies is consistent across taxa, presenting a
general challenge to terrestrial wildlife (Duquette

et al., 2021). If vital mating or alarm signals are
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compromised, population declines can occur
silently and slowly (Rabin et al., 2003). Not only
this, but effective conservation of urban areas
needs the inclusion of acoustic dimensions of
cities in planning. Noise-buffering vegetation,
traffic control, and less-damaging construction
technologies are among the strategies that can be
used to preserve viable acoustic habitats (Warren
et al., 2006). According to Patricelli and Blickley
(2006), the space of communication should be
preserved, just as the structure of the physical
habitat. The acknowledgment of soundscapes as
a vital ecological resource can help to sustain a
healthy coexistence between people and urban
wildlife, as there is an increased opportunity to
speak with scientists and planners. On the whole,
anthropogenic noise is no longer a background
issue; it is a major environmental stressor that
shapes animal behavior, communication systems,
and, eventually, biodiversity in the contemporary
city (Albert Mayan et al., 2025).



To guide the organization of this work, the
rest of the paper is divided into five major parts.
Section Il will give a critical literature review of
past studies on noise pollution and its effects on
communication and behavior among urban
wildlife. Section 1l describes the research
approach chosen in the study, the urban settings
to be studied, the species of interest, data
gathering methods, and data analysis frameworks
to be applied in the research to evaluate acoustic
and behavioral activity. The findings in Section
IV cover differences in vocal performance
measures and behavioral adaptations observed
across different noise levels. Section V provides
information on the ecological implications of
these findings, study limitations, and future
research directions. Lastly, Section VI wraps up
the paper by highlighting central findings and
noting that additional actions are needed to
reduce the effects of anthropogenic noise on
animal  populations

living in fast-paced,

urbanizing environments.
Literature Review

Studies conducted over the last 20 years have
revealed that noise pollution can disrupt the
anonymous  communication  of  acoustic
information among animals. (Shannon et al.,
2016) summarize evidence from around the
world indicating that both land and aquatic
organisms exhibit poor communication in noisy
habitats, which may impair mating success and
survival. Initial mechanistic  observations
emphasized that natural signals tend to coexist
with anthropogenic noise at the same frequency,
leading reduced

detectability (Kight & Swaddle, 2011). Vocal

to masking and signal
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plasticity has become the focus of attention of
urban birds. (Nemeth & Brumm, 2010) also
doubted the ability of the altered song structures
observed in cities to constitute genuine adaptive
responses or transient behavioral sacrifices that
may entail a fitness cost. Research studies across
various continents show that noise in cities not
only increases the minimum level required for
clear signal transmission, but also compels
animals to adjust timing patterns that are mostly
incompatible with ecological patterns, such as
daily chorus synchrony (Dowling et al., 2012).
The issue is not limited to birds and can be
applied to amphibians such as Hyla arborea,
which use fewer reproductive calls during the
high-traffic-noise period, which underscores the
ecological prevalence of acoustic disturbance
(Lengagne, 2008).

The behavioral response to noise pollution is
an initial response, mediated by flexible
behavioral strategies. Spectral adjustments, i.e.,
changing the frequency of calls upwards to avoid
urban noises in the low-frequency spectrum, are
especially well-studied in
(Slabbekoorn, 2013; Doniyorov et al., 2024).

Other species have evolved redundancy or

songbirds

acceleration of calling, which increases the
likelihood of signal transmission in unstable
soundscapes (Gil & Brumm, 2014). There are
also temporal modifications, in which animals
release calls when the environment is less
acoustically active (e.g., during the day or night),
or when noise levels are lower (Dowling et al.,
2012). Nevertheless, (Harding et al., 2019) also
point out that not all people and populations

adapt the same way; physiological variation,



learning capacity, or familiarity with the place
and its noise affect the feasibility of making
noise-induced changes. Another compensatory
mechanism is enhanced vocal amplitude in frogs
and certain mammals (similar to the human
Lombard effect). Still, it can increase energy cost
and increase exposure to predation Kunc &
Schmidt, 2019). These changes indicate that
environmental pressures dynamically define
communication  systems, and that the
motivational efforts to maintain the system at a
constant level lead to chronic stress and can

impair social cohesion.

There is a developing theoretical base that
attempts to elucidate how noise functions as a
stressor in behavior and as an agent of evolution.
(Kight & Swaddle, 2011) suggest that masking,
distraction, and stress responses should be
integrated such that they interact to affect animal
decision-making and communication success.
(Swaddle et al., 2015) extend the theory further
by treating anthropogenic noise as an
evolutionary filter: species that can adapt to
acoustic changes survive, while those that cannot
may decline. (Slabbekoorn, 2013) argues that
urban settings are new forms of selective
landscapes, which redefine acoustic phenotypes
across generations, which can result in their
divergence between urban and rural groups
(Abad & Nejad, 2019). The measurement of
long-term effects is also emphasized by the
scholars who indicate that even the
communication shifts which seem to be fruitful
in the short run can disrupt the systems of mate
recognition or even social learning in case the

environment is stabilized in the future (Nemeth
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& Brumm, 2010). These frameworks in
combination highlight that the issues of noise
effects can only be understood in a multi-level
approach that connects physiology, behavior,

ecology, and evolution.

Methodology

Research Field: The Type of Urban

Environment and the Level of Noise

The study is carried out under three typical
types of urban environment which include high-
noise commercial areas, moderate-noise
residential areas and low-noise suburban green
areas. The sampling points are randomly selected
in each type to meet the heterogeneity of the
habitat and reduce overlapping occurrence of the
logging

recordings are taken every day and week,

animal home ranges. The noise
featuring the busy-hour peaks, as well as night
time lows. The metadata of the site, such as land
cover, traffic density and built-environment
geometry, are documented so that the
propagation of sound can be put into context and
stratified analyses can be performed within

acoustic niches.

The figure 2 provides the chronological flow
of work adopted during the research and it starts
with strategic site selection then noise monitoring
record the
These

acoustic data are supported by behavioral

and acoustic recording to

environmental sound environment.
observations of target species in a systematic
way, and all the gathered data is then put together
and tested with the help of a model to see how
exposure to noise affects animal communication

and behavior.
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Figure 2: Study Workflow for Acoustic and Behavioral Data Collection

Focal Species and Justification

The choice is based on a focal species that is

reliant on airborne acoustic  signaling,
widespread distribution across urban types, and
high vocal activity, which enables strong sample
sizes. The territorial and mating calls of the
species give well-formatted and repeatable signal
components that can be acoustically measured.
The selection of one focal taxon homogenizes the
comparisons made on vocal plasticity, energetic
results across the

costs, and behavioral

anthropogenic disturbance gradient.
Data Collection Methods

The three complementary methods are

incorporated in data collection:

e Acoustic recordings: high resolution
recorders generate spectrograms on a per-
call event basis; characteristics that are
extracted are  prevalent  frequency,
bandwidth, peak amplitude, and duration of

call.

e Behavioral measurements: minimal
disturbance in social interactions, foraging
interruptions, approach/avoidance
sequences, and calling posture are recorded
through behavioral observations by the

trained observers (minimal disturbance)
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using a combination of binoculars and

remote cameras.

e Playback experiments: in controlled

broadcasts in which approaches of
conspecific calls are grading noises, causal
reactions of vocal modification and
approach were examined, eliminating noise

effects of other urban factors.
Noise Measurement Techniques

Class 1 sound-level meters are used to record
noise in locations where acoustic recorders are
placed. It has measures of A-weighted sound
pressure levels (dB(A)) and octave-band spectral
profiles as well as peak event counts. Data on
weather and vegetation is recorded in order to
compensate  the  attenuation  with  the
environment. All the records are geo-referenced
so that noise surfaces can be interpolated

spatially.

Statistical and Analytical (Model and
Equation) Methods

Signal detectability Signal-to-Noise Ratio
(SNR):

P.:
SNR = 101log, ( P“““’) 1)

noise

Psignat » Pnoise @reé mean acoustic powers of

voice and noise. Adaptive change in one of the



vocal parameters (frequency, amplitude or
timing) is formulated as a linear response to an

increment of noise:
AC = aAN + ¢ (2)

Where AC is the change of signal parameter,
AN is the change in noise level, a is the
coefficient of adaptability and ¢ are the residuals.
Communication reliability R: The combination
of numerous compensatory elements into one

index:

Af AA AT
R=wf— +wg—+w;— — kN 3
of N or

With Af,AA, AT being normalized changes
in frequency, amplitude and timing; Af, 44 , AT
being their standard deviations; w weighting
factors are proportional to perceptual importance
species-specific, N is the negative impact of
absolute noise. The trade-offs are estimated by
the energy used in the production of
compensatory signals:

2

AA
E=Eo+n(—A ) +0]4T]| 4)
0

and E, is baseline energetic cost, ether 1 and
6 cost coefficients of amplitude amplification

and timing shifts respectively.

Algorithm: Urban Noise Response Pipeline
(UNRP)
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5. Fit linear adaptability model (Eqg. 2) to
estimate a\alphaa.

6. Calculate reliability index RRR (Eg. 3)
and energy cost EEE (Eq. 4).

7. Classify outcomes: successful
compensation (R>0 & moderate E), partial

(R=0), or failed (R<0 & high E).

8. Compare results across urban types
using mixed-effects models to account for
repeated measures and site-level random effects.

1. Ingest synchronized acoustic, noise, and

behavioral datasets.

2. Detect and segment calls using

automated spectrogram thresholds.
3. Compute SNR per event (Eq. 1).

4. Measure Af,AA,AT relative to baseline.
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This integrated methodological framework

links measured noise, vocal adjustment,

communication effectiveness, and energetic
consequences, enabling rigorous inference about
how urban soundscapes shape animal signaling

and behavior.
Results

The experiment indicated that there were
definite interruptions in acoustic communication
when the animals were subjected to an increased
and a varying noise. The calls in business
locations demonstrated an upward movement in
the dominant frequency to avoid interference
with the noisy traffic at low frequencies. Gain up
to several hundred hertz increase was also widely
noticed which suggests active compensation to
masking. There was also a significant increase in
amplitude, especially at the hours of maximum
disturbance, which is a Lombard-like response in
order to maintain the detectability of signals.
Even time management was quite clear: people
waited until traffic cleared to make brief acoustic
breaks, which signifies accuracy with regards to
choosing less active moments so as to pass over

crucial information. Conversely, the peri-urban



zone was the least affected in frequency and
timing which is a testament to the gradient effect
of anthropogenic sound.

Behavioral Adaptations

The movement and vigilance behavior were
Within the
congested streets, people would often re-align

also adapted by the animals.

themselves to open areas or high buildings where
signals are more easily passed. Forging was also
shorter and more interrupted through repeated
scanning of potentially dangerous things, which
indicated there was stress induced by noise or
compromised judgments about risk. Groups
interacted in a shorter period of time probably
due to difficulty in interpreting calls. When they
were placed in the playback experiments which
mimicked the heavy noise, animals stopped
eating and took up more alert postures and this
proved that they recognized the presence of
acoustic disturbance as an environmental threat
that might cover predators coming their way. A
Index (BAI) was

computed in order to measure the movement and

Behavioral Adaptation

vigilance changes:

T, =T,
BA1=("T—”)><100 (5)

b
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and T,, is duration of vigilance under noise and
T, is vigilance in no noise. The higher the noise
exposure the higher the BAI values.

Performance Equations of Metrics

The success of communication was measured
with the help of three performance indicators that

were developed on a case-by-case basis:

Signal Clarity Ratio (SCR)
SCR = —— (6)

SNR is the ratio of signal and noise and O is
the index of noise-signal overlap.

Successful ~ Transmission  Temporality
(TTS)
Ce
TTS == x 100 (7

t

C, = effective calls received, C; = total calls

produced
Adaptive Efficiency Score (AES)

SCR +TTS
AES = — ®

Software Tools

The analysis of data was done by:

Tool / Platform

Purpose

Raven Pro
MATLAB
R-Studio

Acoustic spectrogram extraction
Frequency and amplitude analysis
Behavioral statistics and graph generation

Table 1: Communication Metrics Across Urban Zones

Zone Type SCR (%) TTS (%) AES
Commercial 56 61 58.5
Residential 69 72 70.5
Peri-urban 82 85 83.5

. various conditions of noise in commercial,
This table 1 compares the performance by

residential and peri-urban set ups. The findings

animals in acoustic communication under

demonstrate definite spatial difference, as Signal
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Clarity Ratio (SCR), Temporal Transmission
Success (TTS) and Adaptive Efficiency Score
(AES) are greater in the less noisy peri-urban
setting, which demonstrates more efficient signal

transmission process and masking minimization.

Journal of Animal Environment, VVol. 17, No. 3, Autumn 2025

The commercial areas score the lowest because
of high amounts of traffic noise, as noise is a
prominent problem when it comes to the
reliability of communication in a high-density

urban environment.

Table 2: Behavioral Shifts with Noise

Behavior Indicator Low Noise High Noise % Change
Vigilance Duration (s/min) 14 29 +107%
Foraging Time (s/min) 38 21 —45%
Movement Events (per min) 6 12 +100%

This table 2 provides an overview of the most
important changes in behavior employed in low
and high-noise conditions, such as vigilance,
foraging, and the rate of movement. Higher levels
of vigilance and greater levels of movement are
taken to indicate greater alertness and upheaval
in noisy food sources, whereas low levels of
foraging time would indicate energy costs and
broken feeding efficiency. The percent change
underlines that excessive noises are the causes of
high behavior strain which stresses the
importance of anthropogenic noises as a key
factor in changing daily activity budgets and

stress responses by urban wildlife.
Comparison to the Other Environments

The adaptations recorded in city zones were
similar to those that had been previously reported
on the severely disturbed industrial landscapes
where animals increase call intensity and change
the use of habitat. Yet, the urban boundaries do
not allow vistas, so the species in the city are less
likely to move and find escapes, unlike in remote
areas, where the possibilities of escape are more
superficial. The larger point here is that it is
possible that over time urban ecosystems will

become biased towards those with vocal
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flexibility and who can more easily withstand
mechanical noise, which will then influence the

future population structure.
Performance Evaluation

The greater the AES and lower behavioral
disturbance of peri-urban areas establish the fact
that low soundscapes enhance the level of
reliability in communication. The commercial
corridors were the ones that scored the lowest on
performance, which supports noise as a primary
cause of behavioral strain. The integration metric
approach shows that a small noise level
minimization has the potential to reinstate
communication capabilities that are essential in

reproduction and survival.

Figure 3 shows the variation in the Signal
Clarity Ratio (SCR) in three distinct urban
environments, which show how noise intensity
affects the performance of the acoustic
environment. In commercial areas animals were
the least clear because of the heavy traffic and
continuous anthropogenic disturbances, which
probably inhibits the transmission of the signal of
communication and diminishes the accuracy of
the transmission of the message. Housing

communities  were  showing moderate
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improvement representing more sporadic noise influence of noise levels on communication

patterns. The peak SCR was made in the peri- effectiveness and also the increased acoustic

urban areas, where the soundscape is relatively pressures that noisy, mainly urban, areas tend to
less acute, allowing the vocal indicators to be exert on the wildlife.

indicate the direct

SCR Variation Across Urban Environments

more clear. The results

1.0

Signal Clarity Ratio (SCR)

Commercial

Residential
Urban Zones

Peri-Urban

Figure 3: SCR Variation Across Urban Environments

TTS Performance in Different Noise Conditions

Temporal Transmission Success (TTS)

0.0

T
Commercial

T
Residential

T
Peri-Urban

Urban Zones

Figure 4: TTS Performance in Different Noise Conditions

Figure 4 indicates the values of Temporal
Transmission Success (TTS) in the three
surveyed urban zones which highlights the
communication timing efficiency impacts of
environmental noise. The most disturbed of the
species in commercial districts meant that there
was high-speed and unpredictable change in

noise, which disturbs the temporal pattern of
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calls. The residential areas had comparatively
balanced transmission whereas the peri-urban
habitats offered the most efficient call timing.
This pattern indicates that animals could
experience difficulties in maintaining a regular
communication noise

pattern  of during

occurrences that are frequent, which eventually



leads to decreased coordination in actions like

territory marking and mate courtship.
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AES Response Across Urban Noise Gradients
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Figure 5: AES Response Across Urban Noise Gradients

The Adaptive Efficiency Score (AES) is
shown in Figure 5 and it illustrates the
organization of animals in their vocal behavior in
relation to change in noise exposure. The
findings demonstrate that least adaptation is
observed in commercial zones by the wildlife,
probably because of less adaptability in
counteracting spectral or temporal features of
calls against excessive noise masking. There are

moderate responses to adaptations of residential

species and the highest scores of peri-urban
species, which is a manifestation of a greater
preservation  of  natural communication
strategies. The gradual trend between zones
shows that the process of adaptation is not even
with all regions and that high noise levels may
exceed the ability of animals to respond,
changing the results of fitness related to

communication.

Effect of Noise on Vigilance Behavior

50

40 4

30 1

20

Vigilance Time (%)

10 1

Low Noise

High MNoise

Moise Exposure Level

Figure 6: Effect of Noise on Vigilance Behavior
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Figure 6 shows the percentages of time taken
in vigilance in low and high noise environment
and indicates that alert behavior increases
significantly when subjected to higher noise.
Greater vigilance implies that people might
consider noise as a risk factor and therefore be
more attentive to the threats around them. Such
increased vigilance has a cost, with increased
time in the scan at the expense of feeding, resting
and social interaction. The behavior change
solidifies the theory of noise as a masker of
communication and physiological stressor that
changes the activity budgets required to survive

and reproduce.
Discussion

The results of the research indicate that an
increasing sound level in urban areas can play an
important role in affecting the communication
and behavior of wildlife, which can ultimately
affect the ecological stability. Less signal
definition and messed-up timing are real issues
on animals depending on acoustic signals to
defend territories, organize movement, and
attract mating partners that will eventually have
consequences on reproductive success and
population stability unless managed. Alterations
in behavior like high vigilance and less foraging
time also show that animals are using extra
energy in adjusting to noise stress instead of
spending it on activities that are necessary to
ensure survival. All these results highlight the
importance of urban planning that puts more
emphasis on less noisy ecological areas, which
are green corridors and sound absorbing
landscapes around the places where wildlife live.

Although the research revealed some regular
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trends, it was confined to one type of voice and
particular areas of one city, indicating that more
general comparative studies should be conducted
in order to learn about species-specific
boundaries and long-term evolutionary paths.
The use of physiological stress markers and
nighttime acoustic disturbances in future studies
is needed to capture unobservable impacts that
mostly go unnoticed in field studies. Possible
pathways to lessen the impact of sounds on the
ecosystem would be the introduction of less noisy
road surfaces, the limitation of heavy traffic near
nesting sites, and the development of noise-
sensitive conservation policies, which would
help healthier populations of wildlife in urban

areas that are rapidly growing.
Conclusion

This paper will bring out the impacts of
anthropogenic noise in the environment as a
primary environmental disruption which alters
the communication patterns and behavioral
patterns of animals within the urban eco systems.
It was found that with higher noise levels, there
was less clarity of vocal signals, disruption to call
timing and motivation to make changes in daily
activities movement, foraging and vigilance.
These impacts demonstrate that the exposure to
noise does not only disrupt the transmission of
vital information but also has an extra energetic
and cognitive stress on wildlife, which may
ultimately affect the survival and reproduction in
the long term. The expanding cities and
increasing urban soundscapes have made it
crucial to learn the adaptive limits of species to
ensure the ecological balance is safeguarded in

the human-dominated areas. Even though the



current study provided some useful information,
further investigations involving a variety of
species, different environmental conditions, and
larger periods of time will help us to better
understand vulnerability and resilience. Further
merging of bioacoustics, behavioral ecology, and
urban planning is needed in order to formulate
approaches that could protect the networks of
wildlife communication. Finally, minimizing the
noise in cities, conserving the natural
soundscapes should be among the conservation
strategies to make sure that animals retain the
capability to communicate, orient, and exist in
the face of accelerated urbanization (Gomes et

al., 2021).
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