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ABSTRACT

In epidemiological research on the effects of noise on
terrestrial animals (primarily birds and mammals), A-
weighted sound levels are often used for convenience.
However, A-weighting is based on human loudness per-
ception and is not well-suited for this purpose. The plan-B
project explored alternatives, as assessing perceived loud-
ness across multiple species is impractical. Two alterna-
tives used in humans are hearing level weighting and com-
munication interference weighting. These could also be
applied for terrestrial animals. The former is a conser-
vative approach covering all sound uses, while the latter
can be easily extracted from the vast database of recorded
animal communications. Different weightings were ap-
plied to two-week recordings at 40 suburban and urban
locations, where traffic is the dominant noise source. The
Spearman correlation between 15-minute equivalent lev-
els with different weightings was very high. Thus, for a
Europe-wide assessment, the specific weighting applied
may not be critical. However, for specific locations,
sources, or particular (endangered) species, the chosen
weighting may affect conclusions.
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1. INTRODUCTION

The effects of noise on terrestrial biodiversity have be-
come a critical area of ecological research. Anthropogenic
noise, stemming from urbanization, industrial activities,
and transportation, poses a significant threat to the per-
sistence of many species [1] [2]. Studies have shown
that noise pollution can influence physiology [3], increase
costs of communication, and disrupt various biological
functions, leading to changes in species interactions and
altering community structures [4] [5].

Sound plays vital roles in the lives of many organ-
isms, similar to its functions in humans. It serves as a tool
for passive monitoring, enabling situational awareness by
detecting danger, confirming safety, and identifying op-
portunities for food and water. Additionally, sound facili-
tates active communication, essential for mate finding, es-
tablishing territorial boundaries, and sharing experiences.
However, task-irrelevant sounds can interfere with these
primary functions, causing masking effects or making au-
ditory scene analysis more challenging.

To measure the interference caused by noise, various
strategies have been developed. One approach focuses on
what can be heard being disturbing, while another empha-
sizes the impact on active communication. In humans,
the former approach led to the adoption of A-weighting,
a method that adjusts sound measurements to reflect the
relative loudness perceived by the human ear [6]. Histori-
cally, speech interference weighting has also been used to
assess how background noise affects speech communica-
tion.

This study investigates the potential to calculate com-
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munication interference weights for terrestrial animals us-
ing analysis of recordings in 1/3 octave band spectra. By
clustering these spectra, we can decrease the diversity of
variants and simultaneously exclude recordings contam-
inated by extraneous sounds. In Section 3, the derived
weighting curves are utilized on a variety of noise record-
ings from suburban and urban areas, while Section 4 pro-
vides a discussion of our key results.

2. DERIVING SOUND COMMUNICATION
INTERFERENCE WEIGHTING

For deriving communication interference a representative
amount of bird sounds had to be collected. For this, we
used one of the primary sources for bird song recordings,
Xeno-canto, a collaborative website dedicated to sharing
wildlife sounds from around the world. For deriving a
weighting curve, only the spectral content of the song is
relevant. Hence, 1/3 octave band spectra are calculated for
each recording and normalized to obtain an rms-value of
one for the highest 1/3 octave band while ignoring tempo-
ral structure.

However, several bird species produce songs with
comparable spectra. This similarity can be explored to
reduce the number of weighting curves that one could ob-
tain. Hence, the spectra in the frequency range 160 Hz to
10000 Hz were mapped to two dimensions using UMAP
(Uniform Manifold Approximation and Projection) [7]
and subsequently clustering based on DBSCAN( Density-
Based Spatial Clustering of Applications with Noise) [8]
was applied. This procedure also allows to identify out-
lier spectra that could be caused by noisy recordings. the
resulting mapping to two dimensions is shown in Figure
1. In this figure, different symbols refer to automatically
identified clusters while colors are related to species. The
prevalence of species in each cluster is further analyzed in
Figure 3.

Figure 2 illustrates the mean spectral data grouped
by bird clusters, revealing three prominent classifications:
the extensively populated cluster 5 along with its numer-
ous variants, cluster 4, and cluster 0. As depicted in Fig-
ure 3, cluster 5 and its variants encompass recordings of
songbirds, cluster 0 is characterized by doves and pigeons,
while cluster 4 includes species such as the mallard, grey
heron, Eurasian jay, Eurasian coot, and common buzzard.
The birds in this last group utilize vocalizations not for
marking territories but for interactions such as mutual
communication, signaling danger, or expressing aggres-
sion. Notably, the coot is recognized for its high-pitched
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Figure 1. Clusters of bird song spectra based on 250
recordings from 25 bird species, mapped in 2 dimen-
sions.

vocalizations at elevated pressure levels. A shared feature
within this group may be their body size, which influences
the ability to produce sound at lower frequencies [9]
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Figure 2. Song spectra averaged over each cluster;
line width is proportional to the number of exemplars
in the cluster thus thinner lines may refer to clusters
of noisy or poor quality measurements.

Based on the communication spectra, three different
weighting curves are proposed: CI1, CI2, CI3 (Figure 4).
They are described by analytical functions similar to the
ones used for describing A, B, and C-weighting. These
functions correspond to filters with sets of complex conju-
gate poles and zeros, and can thus be implemented easily
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Figure 3. Distribution of the species over the clus-
ters; the size of the circle is proportional to the num-
ber of recordings of that species in that cluster; clus-
ter -1 refers to recordings that do not fall in one clus-
ter

in measurement equipment.

3. INTERFERENCE WEIGHTED NOISE LEVELS
3.1 Effect of weighting on biodiversity surveys

To investigate how the selection of weighting curves could
influence large-scale biodiversity studies, this research
compares 15-minute equivalent noise levels using both A-
weighting and CI-weighting. Approximately two weeks
of data were gathered from 40 sites within the broader
Ghent (Belgium) area. Each measurement was taken at
the facade of a building, with environments varying from
suburban to urban.

In Figure 5, a scatter plot is depicted illustrating the
comparison between A-weighted and CI1-weighted lev-
els (for songbirds) and A-weighted and CI2-weighted lev-
els (for doves). To assess the monotonic relationship
within these data points, we have determined Spearman’s
correlation coefficients: 0.898 for A-weighted vs. CIl-
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Figure 4. Communication Interference weighting
curves proposed for three groups of bird species.
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Figure 5. Scatter plot of 15-minute CI1 and CI2
weighted Leq versus A-weighted Leq; each dot rep-
resents a single observation at any time during the
day at any of the 40 locations.

weighted, 0.928 for CI2-weighted, and 0.965 for CI3-
weighted. The substantial correlation values suggest that
on a broad scale, such as biodiversity surveys across an
entire continent, using existing A-weighted noise maps
could be an acceptable approach, particularly given the
prevalence of anthropocentric noise mapping. With traffic
being a primary contributor to anthropogenic sounds, es-
pecially in the suburban and urban areas examined here,
either weighting scheme would indeed effectively high-
light these human-induced auditory disturbances.

3.2 Temporal patterns

When examining specific situations, communication in-
terference weighting can highlight differences between
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recording sites. Figure 6 illustrates the effect of weight-
ing by comparing measurements at two suburban gardens.
At the first measurement location (until day 115), the
CI1-weighted levels exhibit a pattern over the day that
is clearly influenced by the light/dark cycle. On certain
days (depending on the weather), the CI1-weighted level
shows a distinct increase in the early morning, linked to
the morning bird chorus, which is the primary communi-
cation interference for songbirds. This pattern is not as ev-
ident in the A-weighted level plot (left part of the figure).
At the second location (after day 115), a clear diurnal an-
thropogenic noise pattern is visible in A-weighted levels,
including typical daily and weekly variations. The CI1-
weighted level shows a more uniform pattern throughout
the day. Interestingly, the highest CI1-weighted levels at
this second location are lower than the levels observed
during the morning chorus at the first location.
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Figure 6. Heat map of noise levels at two subur-
ban gardens (location change on day 115); left: A-
weighted, right: CI1-weighted.

4. DISCUSSION

Communication interference weighting curves extracted
in this publication are extracted from recordings of the
communication of several bird species. These species
were selected based on their estimated abundance in Bel-
gium, hence the resulting weighting curves might not be
applicable in different climatological zones and different
continents. The database used for collecting the sounds
was Xeno-canto. This sound collection contains contribu-
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tions from lay persons and is not carefully checked for ori-
gin of the data nor the recording conditions are carefully
checked. It can be expected that most recordings originate
from suburban neighborhoods and thus song bird frequen-
cies may already have been shifted to higher frequencies
because of the presence of anthropogenic sounds [5].

The importance of appropriate frequency weighting
is explored based on measurements in the Ghent area,
Belgium. Belgium is situated at the crossroads of Eu-
rope, with two major roads, E40 and E17, intersecting
near Ghent. Several air corridors pass over the measure-
ment area, and although the nearest airport is 60 km away,
aircraft noise is often clearly audible in the more tran-
quil areas. Within this context, and considering measure-
ments at different hours of the day, a monotonous rela-
tionship was observed between A-weighted levels and CI-
weighted levels. Thus, at times and locations with signifi-
cant noise, whether anthropogenic or natural, a high noise
level will be obtained regardless of the weighting. From
this, one could conclude that for identifying zones with
high disturbance, A-weighting might still be an accept-
able alternative for assessing effects of noise on wildlife
and biodiversity, even though it lacks a logical founda-
tion. Although we would not advise doing so, it could be
a cost-effective alternative for lengthy calculations when
A-weighted noise maps are available.

More detailed analysis of the diurnal pattern of CI1-
weighted noise level reveals the relative importance of
other bird sounds compared to anthropogenic noise. In-
deed, not only anthropogenic environmental noise has to
be considered as a source of disturbance but also natu-
ral soundscapes can be noisy because of wind, waves,
or other species, e.g. such as frogs [10]. Animals have
adapted to noisy environments by selecting a specific win-
dow of opportunity for singing. This can include optimal
meteorological conditions for acoustic transfer [11], di-
urnal pattern of other bio-phonic sounds, or waiting for
a specific short time window [12]. Based on the above,
one could expect that some birds have the ability to select
optimal singing strategies to avoid anthropogenic noise
as well as bio-phonic sound. Literature on birds adapt-
ing their singing behavior to urban sound environment [3]
has gained a lot of attention, also in lay literature. Some
experimental work is not so univocal [13] and point at
the role of overlapping spectra. Observed pitch changes
might not be the adaptive strategy but rather a side effect
of singing louder in noisier environment [14], comparable
to the Lombard effect in humans.

As a general conclusion, both theoretical considera-
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tions and measurement examples show that using a spe-
cific weighting curve for assessing communication inter-
ference in animals could be beneficial. This could al-
low for a more targeted impact assessment of new initia-
tives and interventions, in particular if the species of in-
terest are known. This could also lead for more efficient
noise mapping as the frequency range that needs to be
modeled is usually less extended than for human-related
A-weighting. Hence, for new biodiversity-related noise
mapping the use of CI-weighting should be preferred.
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