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The two last decades have seen the growth of a large body of scientiﬁc and technical literature regarding the
eﬀects of anthropogenic noise on terrestrial wildlife and their mitigation. These eﬀects range from behavioral
modiﬁcations like signalling louder, increasing the signalling rate or redundancy, signalling at a higher pitch,
signalling outside noisy periods, but also alterations of intraspeciﬁc or interspeciﬁc interactions. Moreover it is
now proven that man-made noise may lead to reduced reproductive success, reduced species richness or reduced
density. The careful design of experiments helps avoid methodological biases some more ancient studies in this
ﬁeld may suﬀer of. This paper reviews the published literature from an engineering perspective. The focus is
put on recommendations for impact assessment and mitigation. The analysis carried out emphasizes that more
attention paid to anthropogenic noise emission, especially road surfaces, and propagation issues, in particular
micro-meteorology and the range of validity of the prediction methods used, would signiﬁcantly improve the
guidance available.

1

Introduction

identiﬁcation and protection of a so-called ”green infrastructure” connecting natural reserves. If acoustic issues are not
considered it can be expected that the identiﬁed areas or corridors will not accomplish their mission of conservation. So
how to take into account the state of the knowledge on the
eﬀects of anthropogenic noise on wildlife ?
This paper tries to shed some light on this topic for terrestrial ecosystems. It is organized as follows. Section 2 reviews
the eﬀects of anthropogenic noise on wildlife from scientiﬁc
literature. Section 3 deals with noise mitigation approaches
for wildlife. Section 4 suggests improvements from a noise
control perspective, since it will appear that this topic reaches
beyond bioacoustics.

The sensitivity of animals to noise has been known at
least since Xenophon [28]. It must be obvious to everyone
that very few places in the industrialized countries enjoy a
soundscape free from any kind of anthropogenic noise. The
main cause of this situation is transportation, be it terrestrial
- where roads are the main source - , or aerial. Extractive
and productive activities contribute also to some extent, not
to forget leisure activities which may be quite noisy even
though their contribution is more localized in time. The ubiquitous availability of the stable source of power brought by
electricity plays also a signiﬁcant role in this situation. Spatial aspects should not be overlooked though, since the proportion of the ground devoted to human activities has also
signiﬁcantly grown, which leads to the multiplication and
the uniformization of the distribution of noise sources over
the territory. Arguably, the last decades have seen the generalization of what Schafer coined the low-ﬁ soundscape [24].
In reaction to this, most of the industrialized countries
have developed environmental noise regulations, in order to
limit the level of complaints from the citizens and the burden
of disease due to noise. In France, the ﬁrst one on road traﬃc
noise dates back to 1978 [13]. Sticking to the French context, the regulatory literature on noise has developed significantly since then, in the wake of the so-called ”noise law”
adopted in 1992 [23]. The regulations cover now the most
signiﬁcant sources on the emission or the immission side.
The large modelling eﬀort implied by the so-called Environmental Noise Directive [11] from the European Community
helps to grasp the extent of the problem. From the population exposure data provided is has been assessed that more
than 1 million healthy life years are lost yearly in the cities
of Western Europe [10] due to noise.
An outstanding feature of these noise regulations is that
they are focused on human beings only, except a few notable exceptions in the Netherlands and Germany. The rest
of biodiversity is simply ignored. This is rather puzzling because biodiversity loss raises a lot of concerns and because,
as mentioned earlier, common sense suggests that noise matters also for wildlife. Common sense is conﬁrmed by scientiﬁc evidence. A ﬁrst reason is that acoustic communication
is essential to many species. Due to the limited space available here the reader this topic shall not be developed in this
paper. The reader shall refer to [2].
The Natura 2000 network was set up by the European
Community, in order to protect endangered ecosystems and
endangered species. Since these islands devoted to biodiversity must be connected to each other, a few countries in
Europe like the Netherlands and France are considering the

2

Eﬀects of anthropogenic noise on
wildlife

There is already a broad spectrum of scientiﬁc evidence
that noise interferes with acoustic communication because
of masking. Due to the limited space available, not all references are provided for this section. However, most of them
are collected in [2, 25]
Species with low-pitched signals like the great bittern (Botaurus stellaris) and several others are the most exposed to
masking because the power spectral density of traﬃc noise
is in ﬁrst approximation a decreasing function of frequency.
In some species the plasticity of signalling is inexistent so
the only possible reaction when masking is chronically too
strong is to move away and to search for a better territory.
In a noisy environment, there is evidence that the density of
a bird species is correlated with its main singing frequency
[22].
Arguably, the most obvious reaction when faced to a higher
background noise is to signal at a higher sound pressure level.
Indeed, the Lombard’s eﬀect is not limited to human beings.
It has been observed on several species including nightingales (Luscinia megarynchos) with control of the confounding factors of size and body mass. In this species the increase of sound power level is signiﬁcant although is does
not compensate totally for the increase in background noise.
In general, this increase should not be considered neutral
to the species, because laboratory experiments indicate that
signalling acoustically means a signiﬁcant increase in the
metabolic level although this measurement is diﬃcult to carry
out. Therefore, territories with high levels of background
noise can be considered of poor quality. A ﬁner examination show that nighthingales increase the sound power level
of their softest notes. So the increase in sound power level is
partly obtained by the mechanism of amplitude compression.
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Increasing the signalling frequency in noisier places is a
behavior observed in several common birds like the Chaﬃnch
(Fringilla coelebs), the Great tit (Parus major), the European
Blackbird (Turdus merula) and amphibians. The rate of the
increase is around 4 to 6 Hz/dB. In general, this is not suﬃcient to compensate for the reduction of active space caused
by masking. At higher frequencies this approach is likely to
be thwarted by the steep increase of atmospheric attenuation
with frequency. Even if it were an eﬃcient mitigation strategy, it may conﬂict with the use of pitch by females to assess
the quality of a male in some species. A general rule in this
respect is: the lower pitched the better, because the older and
the more experienced.
Another reaction to traﬃc noise observed in birds is to
start singing earlier. In spring, dawn is a time of the day
which is highly valued by birds for singing because attenuation of sound over distance is usually lower due to favorable sound speed gradients. However dawn sometimes
overlaps with the morning rush hours, which means a high
level of background noise. Singing earlier has been observed
in several common passerine birds like the Blue tit (Parus
caeruleus) or the Robin (Erithacus rubecula). On the latter
species a study has shown that artiﬁcial light has no inﬂuence
on this behavior. Singing earlier probably has negative side
eﬀects although they do not seem clearly identiﬁed.
Increasing redundancy to compensate for background noise is also used in many a species. Repeating the message several times increases the chances to ”get it through”, possibly
to beneﬁt from a window of silence or to activate a correlation mechanism with a reference signal in the brain of the
receiver. This phenomenon was ﬁrst observed in the King
Penguin in the Antarctic[1]. There the problem is not anthropogenic noise but conspeciﬁcs, since the species gathers
in huge colonies. This was observed too in more temperate latitudes in amphibians or bird species like the Great tit
where a song with less syllables is selected in noisy conditions and is repeated more often than in quieter habitats. The
metabolic issue has been mentioned. This mechanism means
a longer time dedicated to singing at the expense of other important activities like foraging. For perched singers, this may
lead to a higher predation risk.
Beside modiﬁcations of signalling behavior, anthropogenic
sound may trigger stress reactions like characteristic postures
or plainly cause the animal to ﬂee from the noise source.
Stress increases the metabolic level. If the disruptions happen too often they may become a real threat on the survival of
an individual, especially during the cold season in the context
of food scarcity. This kind of eﬀect was mostly documented
on large mammals. It seems that foreseeable events like regular train pass-bys are better tolerated than random ones like
single road vehicle pass-bys.
Anthropogenic sound may also disturb the location of
conspeciﬁcs when using acoustic cues. This is particularly
important for amphibians where sight is not far reaching.
Phonotactism is essential in the location of reproduction sites
during the spring migration. On the reproduction site, the females rely on it to locate calling males. A laboratory study
on the Grey treefrog (Hyla chrysoscelis) shows that in traﬃc
noise there is an increase in time of response of the female
and an increase in the detection threshold level. However
the artiﬁcial stimulus used seems too stationary to bee realistic. Also disorientation is observed on the female. The same
pattern was observed in Hyla cinerea and Bufo woodhousei
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however the experiment was not replicated [3]. In the same
context of spring migration, another paper reports that mute
species like newts are likely to listen to frog calls. Traﬃc
noise is likely to hamper their orientation to the pond. There
is however a potential methodological bias since this study
on newts is pseudo-replicated.
An interesting work which suﬀers however also from a
lack of replication shows on two species of amphibians that
noise alters the social structure of the population of a pond
[3]. In the control situation without traﬃc noise, there are
dominant males who are calling and other males grouped
around the dominant ones. In the test situation with noise
males are evenly distributed around the pond they are all calling.
Several authors report also that noise caused by vehicle
pass-bys or ﬂy-bys aﬀects the acoustic activity of amphibians. The call rate can either be increased or decreased by
events of anthropogenic noise. In one experiment where 4
species are monitored around a pond, 3 are inhibited whereas
the 4th one is stimulated. The modulation takes place either
during (aircraft ﬂy-by) or after (motorcycle pass-by). It must
be emphasized here that the duration of the noise event is
not controlled and that a ﬂy-by is likely to be signiﬁcantly
longer. In the European Hyla arborea it is observed that the
same noise event will inhibit a single calling individual and
not a chorus, probably because emergence is aﬀected only in
the ﬁrst case. If the noise event is strong enough, the single
caller will be stopped during the noise event and its activity
will be reduced for a while after the noise event has ceased.
While most papers in this ﬁeld considered transportation
noise and birds, some study mammal species like the California ground squirrel (Spermophilus beechyi) and its behaviour
with wind turbine noise in the background. This species lives
in burrows. In comparison to control sites the vigilance state
is more frequent with wind turbine noise. In addition, the
alarm response is diﬀerent. On control sites the individuals
go away from the burrow, on the test site they return to it.
The behavior suggests a reaction to noise masking. Since the
predators are less audible due to masking, visual detection
may be more reliable. The authors consider hearing loss due
to exposure to wind turbine noise, which is unlikely.
The impact of these behavioral responses of wildlife to
anthropogenic sound in terms of conservation is not always
obvious. When it is, its quantiﬁcation is diﬃcult. At a more
macroscopic scale, another body of research is focused on
the very response to anthropogenic noise in terms of density, or species richness. The work of Van der Zande was
one of the ﬁrst in this direction [29]. But the large scale
project conducted by Reijnen and Foppen in the Netherlands
in the 1980s and published in a series a peer-reviewed papers in the mid 1990s ([19] for instance) must be considered as a milestone in establishing the evidence of the impacts on species richness and density. The authors conclude
to the causal relationship between noise and reduced density albeit the relationship is established somewhat by default. Noise may cause reduced density up to 1000 m away
from the infrastructure, depending on traﬃc intensity. This
work shows also that territories with noise are mostly occupied by young birds, with a poorer reproductive success. It
provided the basis of the ﬁrst guidelines on the reduction of
the eﬀects of roads on breeding bird populations [21]. These
guidelines are analyzed further in section 3. In retrospect
several authors have critized this Dutch research in sofar as
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have been published in the Netherlands [21]. The document
addresses road traﬃc and breeding bird populations only and
covers both forest and agricultural grassland. Its purpose is
to compute the distance of impact of the road. At shorter
distances, negative impacts are expected for breeding birds.
Density is assumed to be a function of the noise level with
a threshold noise level. Below this noise level density is not
noise-dependent. Over this level density decreases rapidly.
Even though noise sensitivity is supposed to vary greatly
from one species to another, the Dutch guidelines set the
threshold to 42 (reps. 47) dB(A) for forest (resp. meadow)
birds. This work seems to have strongly inﬂuenced regulations and ﬁeld practice in german-speaking countries [15, 8])
although the extra-territorial transposition led to serious mistakes [8]. To the author’s knowledge it has remained almost
unknown in France.
The approach is close to the one of the French Guide du
Bruit [9] with charts and tabulated values. The road is divided into 500 m long sections. On the emission side, the
inputs are the traﬃc intensity and speed with a default percentage of HGV. On the propagation side, a ﬂat ground is
supposed. Basic corrections are proposed for more complex
proﬁles like depressed road or barrier. For grassland, the impact distance is provided directly by the tables. The maximum impact distance reaches 1350 m away from the road.
For forest land, there are several candidate impact distances
depending on the proportion of forest in a 113◦ angle of sight
from a receiver point. Each distance is considered starting
from the lowest one. If the percentage of forest land associated to the candidate distance is lower than the real one in the
113◦ angle, the candidate impact distance is the one to keep.
Otherwise, the next distance must be considered, and so on.
As an example, the maximum impact distance is 515 m when
the percentage of woodland is between 50 and 90% in 113◦ .
One of the most disturbing features of [21] is that bird
species are treated in two very large groups: forest and agricultural grassland birds. This does not reﬂect the sensitivity
of the species to noise. Some do not rely strongly on acoustic communication. The ﬁrst attempt to address this issue can
be found in [15] with an extension in [16]. Here the authors
develop a predictive model for the sensitivity of a species
to road traﬃc noise. Species by species, their analysis covers several biological or ecological functions in relation to
noise: foraging, contact, detection of dangers, defense of territory and partner ﬁnding. They also assess the sensitivity
of the call or song to masking. The evaluation is carried out
for more than 200 bird species. For instance owls depend
heavily on acoustic cues when foraging and for contact with
conspeciﬁcs, since they are mostly active at night, a duck
like Aythya fuligula exhibits no sensitivity to masking and is
concerned by acoustics only to detect danger.
In [21], noise alone is considered in the assessment of impacts. The work of Garniel and her colleagues restores a balance between noise and other perturbations like visual stimuli [16]. This work deﬁnes recommandations on the basis of
noise levels for species that are sensitive to noise, and impact
distances for species sensitive to other disruptions. Occasionally both criteria are used. Breeding birds are classiﬁed
in 5 categories. An additional category covers wintering and
resting birds. Category 1 concerns species highly sensitive to
noise. For category 2 noise is not the main disrupting factor,
but the impact distance is sensitive to traﬃc intensity. Category 3 groups species for which predation noise increases

it suﬀers from several methodological ﬂaws including confounding factors, pseudo-replication, loose statistical tests or
ﬂawed census techniques. See [8] for a thorough examination. In [20] the equivalent noise level is presented as a good
indicator of traﬃc load even though noise per se is not the
single cause of the impact.
In the last decade, the relation between anthropogenic
noise and density or species richness has been investigated
in forest land [27, 22], meadows [26], agroforest [18] or several kinds of habitat [8]. The conclusion is essentially that a
signiﬁcant proportion of species are noise sensitive with the
notable exception of generalist species. The protocols are
still questionable because with road or rail infrastructure as
a noise souce it is not possible ot seperate visual disturbance
form noise disturbance or to correct for edge eﬀects. In a
more recent publication the same Reijnen and Foppen note
that species of national or international signiﬁcance are more
impacted than the others and call for experimental designs
with a better control of confounding factors [20].
More recent publications beneﬁt from the development
of oil and gas extraction in remote areas which helps the design of almost ﬂawless experiments using paired (control,
test) plots where everything is kept constant except noise
[17, 5, 14]. In [17], the target species is the Ovenbird (Seiurus aurocapilla), a species of the boreal forest and peatland
with a large repertoire of songs. It is shown that reproductive
success is signiﬁcantly lower with noise and that more experienced birds prefer control plots. This is consistent with
the ﬁndings of the Dutch study. The same authors have also
studied 27 species of the boreal forest [5] in 4 forest conﬁgurations around clear cuts : (close to the edge,far from the
edge)x(control,test). The density of passerine birds is 50%
higher in control sites and one third of species support the
hypothesis of the inﬂuence of noise on abundance. The density close to the noise sources is also lower for 7 species.
Finally a study in New Mexico, concludes that species
richness is lower in noise for 21 species out of the 32 investigated [14]. These authors show also that noise disturbs the
balance of species. A species of nest predator avoids noisy
areas. Therefore the reproductive success is higher for prey
species.

3

Evaluation and mitigation
procedures

Barrett reports in 1995 that 9 million USD has been spent
or is planned to be spent on noise mitigation projects for endangered bird species in a single district of California [4].
This ﬁgure does not reﬂect the average concern for the topic
in the Western countries. This author reports about an experience with temporary noise mitigation for the endangered
least Bell’s vireo (Vireo bellii pusillus) during a highway reconstruction project. A 60 dB(A) Leq for the loudest hour of
the day is taken as a threshold for mitigation. From the discussion, it appears that this criterion is quite empirical and of
general purpose. It does not take into account the sensitivity and the ecology of the considered species. This is clearly
problematic if costly measures are likely to miss their objective of conservation. It reﬂects the lack of knowledge and of
established methodology at the time.
As mentioned above, the ﬁrst guidelines about the prediction and the reduction of the impact of anthropogenic noise
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with background noise. Species whose distribution is not inﬂuenced by noise are in category 4. The two last categories
are not sensitive to noise.
On the basis of this classiﬁcation, two methods are outlined in [16] for the evaluation of impacts a standard prediction and an extended spatial one for new infrastructure
projects like for transformation of existing infrastructures.
The prediction provides results expressed as percentages of
degradation of land quality for a given species. The standard
prediction is on the safe side and designed to be straightforward. It requires bird census results, traﬃc data and the geometry of the infrastructure. It does not take into account topography and occasional barriers. The extended spatial prediction relies on more detailed data including a geo-referenced
census for each species of interest. Its main advantage is a
more accurate evaluation of the impact with lower costs for
avoidance, mitigation or compensation.

4

They are eﬃcient in the frequency range where most of the
energy of traﬃc noise is concentrated. Sweeping through the
various pavement formulations available, the current amplitude of performances is 12 dB(A) for the French techniques
[7]. In addition, a positive aspect it that a new pavement does
not increase the barrier eﬀect created by the road itself, when
compared to a man-made noise barrier.
About sound propagation, the prediction methods used in
[21, 15, 8] are obsolete. One major advance in this respect is
the integration of micro-meteorological aspects [6]. For open
land, downward-refraction conditions make a big diﬀerence
on propagation compared to homogeneous conditions[12].
When a road is perpendicular to dominating winds, one side
is likely to experience downward-refraction conditions whereas the opposite side will experience upward-refraction conditions. The inﬂuence of micro-meteorology increases as
distance increases. For instance 300 m away from a point
source, attenuation is likely to vary over more than 20 dB(A),
depending on the propagationl condition. In forests, the state
of knowledge indicates that sound speed gradients are more
stable around homogeneous conditions than in open land and
that in the case of propagation from one side to the other side
of a forest, the magnitude of sound speed gradients is reduced. Of course, the long-term sound level approach taken
in impact assessment for human beings is not relevant a priori, since acoustic communication is not essentiel to wildlife
all over the year, at any time of the day. The acoustic impact
assessment would beneﬁt from integration of the ecology of
a species.

The noise control perspective

The concern for the impact of anthropogenic noise arised
probably more from people with knowledge of biodiversity
issues, so more among conservationists and biologists than
among acousticians. But this issue would certainly beneﬁt
from an extended cooperation between biologists and noise
control engineers. The author has most of his background
in physical acoustics and a just a beginner’s knowledge of
ecology or behavior. For him, collecting and reading the literature on this topic was quite enriching. However, some
sentences found on technical aspects of acoustics are obsolete, questionable, if not completely wrong.
In the literature surveyed the use of noise prediction models is not always suﬃciently documented. These models should not receive to much conﬁdence because they come from
a so-called exact science. A noise prediction models has a
range of application although its limits may lack of a clear
deﬁnition. For instance engineering models are mostly designed for open land. Application in forests is only experimental even though it is explicitly covered in the method.
Furthermore, biologists do know that the name forest covers a very wide variety of habitats. This variety proves difﬁcult to be reﬂected in a noise prediction model. In addition a noise prediction model is never completely speciﬁed
on paper. What is speciﬁed does not avoid ambiguities. This
leaves some room for interpretation by software developers.
And the method is used by a noise consultant who relies on
input data like topography, traﬃc, from various sources. The
amount of input data is diﬃcult to check. Therefore, a recommended practice in noise control engineering is to check
the modelling of a real site with a few measurements.
In addition, there are a few misconceptions on noise emission form road infrastructures. Well designed actions on vehicle speed do reduce noise levels. In general speed does not
only aﬀect engine noise but also rolling noise. With a speed
dependence roughly in 30 log V in the 50-130 km/h range, a
moderate reduction makes a diﬀerence, provided that it applies to all vehicles and that it is enforced. It is also more realistic than actions on traﬃc intensity, since it requires a large
reduction of traﬃc volume before the noise reduction is visible. Moreover it proves generally diﬃcult to inﬂuence traﬃc
volume. Low noise pavements are certainly of interest when
it comes to impact mitigation, even if they are used alone.

5

Conclusion

A review of the eﬀects of noise on wildlife has been presented for terrestrial ecosystems. Beside numerous eﬀects
on behavior, the most striking result from a conservation perspective is that recent research with carefully designed protocols demonstrates in an unquestionable way that anthropogenic noise has adverse eﬀects on species richness, population density or reproductive success. Therefore, if biodiversity loss is be struggled against, anthropogenic noise must be
taken into account in impact assessments over natural areas
and in the light of scientiﬁc evidence it seems that the time
has come for noise to enter in regulatory texts on biodiversity.
This paper has also reviewed the available recommendations for impact assessment of anthropogenic noise and related mitigation. Signiﬁcant progress has been made in the
recent years. First noise is placed in a more global picture
of disturbances including visual stimuli. Second a predictive
model has been proposed in order to go down to the species
level in the assessment of sensitivity to noise. However there
is still room for improvement, at least from a noise control
engineering perspective. More attention should be paid to
anthropogenic noise emission, especially road surfaces, and
propagation issues, in particular micro-meteorology and the
range of validity of the prediction methods used, would signiﬁcantly improve the guidance available.
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Guillaume Dutilleux, Fabrice Junker, David Ecotière,
Emmanuel Le Duc, Marine Baulac, Bernard Bonhomme, Jean-Pierre Deparis, Benoit Gauvreau, Vincent
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