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Abstract
Anthropogenic disturbance, including noise, is a major cause of biodiversity decline worldwide. Especially in anurans, the
effect of noise pollution is known to have major consequences on their reproduction since acoustic communication is an
essential part of this process. In this study, we tested the effect of three levels of traffic noise (55 dB, 65 dB, and 75 dB)
corresponding to three different distances from the road (200, 100, and 50 m, respectively) on the Brazilian Mundo Novo
treefrog (Boana marginata). The results of the playback experiments showed an effect on call type B. More specifically,
there was a decrease in the advertisement call rate, a reduction in the number of pulses, and a lengthening of the interval
between pulses, particularly at 65 dB. These findings suggest that at distances of up to 100 m, the masking effect significantly
influences acoustic communication on the species. However, a 55 dB stimulus—equal to 200 m from the road edge—did not
change the call in this species, suggesting a minimal distance to implement noise-inflicting infrastructures. We recommend
that new studies adopt sampling methods from this distance to refine the threshold of the traffic noise effect.
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1 Introduction

One of the foremost contemporary environmental challenges
is the alarming decline in biodiversity [1]. Hails et al. [2]
reported a staggering 30% decrease in the number of ver-
tebrate species between 1975 and 2010, with a concurrent
increase in extinction rates, as noted by [3]. This decline can
be attributed to many factors, especially anthropogenic dis-
turbances such as habitat fragmentation, the introduction of
exotic species, overexploitation, pollution, climate change,
and disease [4, 5].

The rapid urbanization of our planet has led to a sub-
stantial surge in both local and global traffic, consequently
exacerbating noise pollution [6]. This pervasive issue directly
and indirectly impacts a diverse array of animal groups,
encompassing both invertebrates and vertebrates [7]. Acous-
tic communication plays a pivotal role in several species
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and is intricately linked with processes such as sexual selec-
tion and reproduction [8–11]. Additionally, it serves multiple
other functions, such as territory defense, predator alarm,
socialization, prey location, and spatial orientation [12–15].

The disruption of acoustic communication can signif-
icantly impact reproductive fitness by leading to missed
mating opportunities, lost feeding chances, unnecessary
aggressive interactions, or other atypical behaviors, result-
ing in increased energy expenditure [9]. These behavioral
changes may consequently culminate in alterations in terri-
torial distribution or population decline [6]. This is the case
of most amphibian anurans, whose reproduction depends
directly on acoustic communication [16].

Research into the impact of anthropogenic noise on anu-
rans has revealed a variety of impacts caused by it and
the mechanisms employed to mitigate its masking effects
[17]. For instance, some anuran species exhibit noise avoid-
ance behavior, where individuals adjust their calling patterns
to synchronize with periods of reduced noise [18]. Alter-
natively, the strategy involves alterations in the temporal
and/or spectral parameters of their calls [19]. However,
these changes may have adverse consequences, including
increased energy costs and exposure to predators [16]. Fur-
thermore, such modifications may diminish the efficiency
of signal transmission and reception, ultimately impacting
reproductive success [20, 21].
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These strategies can be directly related to noise inten-
sity, prompting anurans to augment their alterations in call
parameters when confronted with high-energy disturbances,
as observed in studies by [22–24]. In an open field area,
the amplitude of the noise is contingent on the proximity
of the source to the receiver. Therefore, it would be reason-
able to anticipate that anthropogenic noise sources in closer
proximity would exert a more pronounced impact on anuran
communication, while more distant sources would induce
comparatively less interference, as seen by [25–27].

In this study, we tested three different amplitudes of traffic
noise on the call parameters of the Brazilian Mundo Novo
treefrog (Boanamarginata; Hylidae), a species that vocalizes
in streams and has a call frequency that overlaps with the
traffic noise [28]. We expect that higher levels of traffic noise
will induce more alterations in the spectral and temporal call
parameters of the species. Considering the naturally noisy
lotic environment that this species inhabits, we expect that
the effect of traffic noise can be less pronounced than that
recorded for other lentic species.

2 Material andMethods

2.1 Study Area

We conducted this study at the Floresta Nacional de São
Francisco de Paula (FLONA-SFP, 29° 25′ 22.4′′ ’S; 50° 23′
11.2′′ W), which is located in the municipality of São Fran-
cisco de Paula, Rio Grande do Sul, Brazil. The FLONA-SFP
is inserted in the formations of the top fields of the moun-
tain chains and forest with Araucaria (mixed ombrophylous
forest or Atlantic forest—lato sensu). The FLONA-SFP is
a conservation unit of sustainable use and has an area of
1606 hawith regions with elevations above 900m. The local-
ity is among the most humid in southern Brazil, with rainfall
above 2000 mm per year and an annual average temperature
of approximately 14.5 °C (FLONA 2016). The experiments
were performed in the early evening, approximately one hour
after sunset, from March to October 2016.

2.2 Focal Species

The Brazilian Mundo Novo treefrog (Boana marginata) is
endemic to southern Brazil and occurs on the slopes of the
southern portion of the Atlantic Forest (the states of Rio
Grande do Sul and Santa Catarina). It is a medium-sized
species (males 46–50 mm and females 50–57 mm in snout-
vent length) with dorsal greenish coloration and the presence
of dark brown and white lateral lines [29]. The call of the
males of the species is composed of two types of multi-
pulsed notes that are emitted in sets of up to 12 (Fig. 1a).

The first note (A) consists of 10 to 18 pulses and has an aver-
age duration of 0.49 s (ranging from 0.38 to 0.62 s) and a
dominant frequency between 1.5 and 2.3 kHz, with an aver-
age of 1.8 kHz. The following notes are of the second type
(B) and are composed of 22 to 48 pulses with an average
duration of 0.57 s (ranging from 0.36 to 0.71 s) and a domi-
nant frequency between 1.4 and 2.1 kHz, with an average of
1.7 kHz [28]. The call ofB.marginata is within the frequency
spectrum of the noise emitted by vehicles on roads.

2.3 Recording Traffic Noise

To test whether traffic noise from transport vehicles affects
the call of Boana marginata, a series of vehicles passing
were recorded on the RS-389 road (Estrada do Mar, Rio
Grande do Sul, Brazil) at a distance of 10 m from the road.
In order to understand the differences of noise level (dB) at
different distances from the road, a sound-level meter (SLM-
Instrutemp ITDEC 4000, C-weighting) was positioned on
an open area at distances of 50, 100, and 200 m from the
road. All the recordings made in this study were obtained
using a SONY PCM-D50 coupled to a unidirectional micro-
phone (Sennheiser ME 67) equipped with windscreens and
stereo headphones to monitor the recordings. The playback
was constructed usingAudacity 2.1.1 software (in theWAVE
format) based on the traffic noise recordings. The same file
was used for the three different noise levels while the ampli-
tude was defined using Audacity, with each noise file 10 dB
higher than the other (55–65–75 dB). The final calibration
of the right level of noise to be received by each frog was
performed in the field using a sound-level meter to ensure
the level.

2.4 Playback Experiment

The stimuli were constructed using traffic noise previously
recorded and measured in a open field with no vegetation
around, as described above. The recordings used for the stim-
ulus had a frequency range of approximately 0 (zero) Hz to
approximately 15 kHz and overlapping with the call of the
target species (Fig. 1b). The noise stimuli were divided into
three different traffic intensities: 55 dB (treatment B1), 65 dB
(treatment B2), and 75 dB (treatment B3), which represent
the noise intensities measured at 200 m, 100 m, and 50 m,
respectively, of the road. The distances used correspond to
the reality of the bodies of water found near roads in Rio
Grande do Sul, Brazil.

The sound reproductions followed the protocol A-B-A
proposed by [30] and were programmed for the following
sequence of tracks: three minutes of pre-stimulation (A-
silence), three minutes of treatment (B2), three minutes of
treatment (B3), three minutes of treatment (B3), and three
minutes of post-stimulus (A-silence), totaling 15 min of the
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Fig. 1 Advertising call of Boana marginata and road traffic noise used as a stimulus. Spectrogram (above) and oscillogram (below) in A the two
types of notes of B. marginata and in B a the power spectrogram of both the call of the species (green) and the traffic noise (gray) showing the
overlap of frequencies of traffic noise with the species call

playback experiment. The three playbacks at different levels
were combined on different orders, totalizing, six different
possible tracks (for details see [25]).

Treatments were randomized, and one of the sequences
was presented to each recorded specimen. Reproduction
levels were field adjusted using the SLM to reproduce
the intensity observed and measured on the original road.
For each recorded specimen, the following procedure was
implemented: a calling male was located; a sound box was
positioned at a distance of approximately 1-2 m from the ani-
mal; and the microphone was positioned at 50 cm with an
inclination of approximately 45° (for more detail, see [25]).
Finally, a five- to twenty-minute pause was made for the ani-
mal to resume basal calling activity. The speaker used (Oneal
360-12v) emits frequencies from 10 Hz to 70 kHz and has
an internal battery lasting up to 24 h.

Following each recording session, the animal’s body tem-
perature at the calling spot was assessed using an infrared
thermometer (GM300, resolution 0.1 °C), and later, it was
hand captured to measure body mass and snout-vent length
(SVL) using a scale to the nearest 0.1 g and a caliper (Star-
rett–798) to the nearest 0.1 mm, respectively. The captured
specimens were kept in captivity in containers with vege-
tation and cotton wool at room temperature for up to four
days, avoiding possible pseudoreplicates. At the end of each
trial period, the recorded individuals were released into their
respective bodies of water. All experimental procedures were
approved by the applicable Brazilian biodiversity agency
and local institutional committee on research and ethics:
Centro Nacional de Pesquisa e Conservação de Répteis e
Anfíbios–Instituto Chico Mendes de Conversação da Biodi-
versidade (RAN–ICMBIO–Permit No. 52021–1), Comissão
de Pós-Graduação (Project n ˚ 28,872—PPGBAN/UFRGS),

ComissãodePesquisa (COMPESQ/IB/UFRGS), andComis-
são de Ética no Uso de Animais (CEUA/UFRGS).

2.5 Acoustic Analyses

Audacity 2.1.2 software was used to construct the recording
files, while Raven Pro 64 v1.5 beta software for Windows
(Bioacoustics Research Program 2018) was used to analyze
the call parameters. The following features were analyzed for
both notes A and B separately: note rate (notes – 1)/min, note
length (time between the beginning and the end of each note)
in seconds; pulse length (time between the beginning and end
of a pulse present on the note) in seconds; interval between
pulses only for type note B (interval between two consecu-
tive pulses) in seconds; and dominant frequency (frequency
in the note with the highest energy) in kHz. The parame-
ters analyzed followed a description by [31]. The parameters
were measured for 10 notes of each type inside each 3-min
track. The notes analyzedwere randomized in Excel software
("randomize" function, Microsoft Excel 2010. Available at:
https://products.office.com/en/excel).

2.6 Statistical Analyses

To evaluate the effect of traffic noise on the call parame-
ters of B. marginata, a permutational multivariate analysis
of variance using distance matrices was performed with a
post hoc t-test [32]. The type and period (A-B1-B2-B3-A)
of the stimuli were considered fixed factors, and the indi-
viduals were considered blocks. The null hypothesis was
that any note and/or any signal rate would be emitted by
a given individual at any time and during any stimulus. All
analyses and figures were made and constructed in R v3.3.1
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software using "Vegan: Community Ecology Package" [33];
the oscillograms and spectrograms were constructed using
the Seewave package [34].

3 Results

We recorded a total of 18 specimens, of which only nine
emitted calls during all periods; the others remained silent
during some of the traffic noise stimuli.

Regarding notes A and B, both notes were issued by all
specimens in at least some period. The number of notes A
(Fig. 2a) was less frequent than that of the B notes, and there
was no difference between the periods in any of the analyzed
parameters (p > 0.05). On the other hand, there were differ-
ences in B values between the treatments (Fig. 2b–d). During
the stimuli, there was a decrease in the number of notes per
minute (p� 0.048). During the silence period (pre- and post-
treatment), the average rate was 7.8 notes/min, while during
the traffic noise period, the average fell to 5.8–6.2 (notes/min)
(Table 1). The lowest average was recorded when individuals
were exposed to noise at an intensity of 65 dB. In addition,
the mean number of pulses in the B notes decreased (p �
0.019) during noise stimuli (9.0 to 9.6 pulses/0.2 s) compared
to that during silence (10.3 pulses/0.2 s), with an increase in
the interval between pulses (p� 0.003), highlighted between
silence (0.021 s) and stimuli of 65 dB (0.030 s) (t-test, p �
0.029), while the duration of the pulses did not change (p >
0.05).

4 Discussion

In this study, we found evidence that traffic noise can lead
to changes even in anurans living in naturally noisy lotic
environments, such as streams. More specifically, Boana
marginata showed a decrease in the advertisement note rate,
a decrease in the number of pulses, and an increase in the
interval between pulses, especially at 65 dB, indicating that,
at least until 100 m, the masking effect has an impact on
its acoustical communication. Moreover, at a 55 dB stim-
ulus—equal to 200 m from the road edge—there were no
significant changes in the call of the species.

More into detail, during periods of traffic noise, the call
B note rate decreased to 25.6% during the 65 dB treatment,
which represents a distance of 100 m from the road. Other
studies also showed a reduction in the signal rate in several
species ofHylidae,Microhylidae, andRanidaewhenexposed
to different sources of noise (airplane, motorcycle, and road
traffic) [18, 22, 35, 36]. In Brazil, experiments with different
levels of traffic stimuli were performed for two other species
of Hylidae, one with overlapping spectral noise, B. bischoffi,
and the other without, B. leptolineata. As in our work, the

authors observed a significant decrease in the B. bischoffi
calling rate by more than 60% under acoustic reproductions
of 65 and 75 dB, whereas in B. leptolineata, there was no
alteration [25]. The decrease in the signal rate can be associ-
ated with the choice of the best moment for the emission of
sound by the males, that is, the selection of the moment when
their signal is more prone to transmission and detection, so
as not to call when the environmental noise is unfavorable
[18, 36].

To date, in addition to the signal rate, few studies have
tested the effect of anthropogenic noise on other temporal
parameters. In this study, the analysis of the effect of noise
on the call of B. maringata also revealed a reduction in the
number of pulses of the B notewith an increase in the interval
between them, with the largest interval between the silence
and the stimulus being 65 dB. Furthermore, the lower number
of pulses during the stimuli seems to explain how the inter-
val between pulses changed without changing the average
duration of the notes.

The response of B. marginata males to stimuli, by reduc-
ing the note rate and pulses, can have consequences on their
chances of reproduction because they are directly related
to the selection and location of males by females [37, 38].
Although the Mundo Novo treefrog is a species adapted to
live in usually noisy environments due to the sound of current
flows, this study shows that it may be susceptible to other
types of masking, especially from anthropogenic sources
such as traffic noise. Moreover, although many species have
developedmechanisms to reduce themasking effects on their
calling, there is no guarantee of their reproductive success.

In addition, the calling function in some anurans can also
act beyond communication, as in species in which males
vocalize for long periods of time with females in the same
habitat, calls seem to stimulate the production of hormones
in females, maintaining their reproductive condition [16].
In pregnant females of Alytes muletensis, females stimulated
with a conspecific call continued tomaintain andmature their
ovules, while females kept silent or stimulated with calls of
heterospecifically reabsorbed ovules [39].

Furthermore, during the experiment, two specimens
moved to a different calling site; however, no animal left
the stream. Cases of movements during noise stimuli were
also reported in studies by Boana bischoffi, B. leptolineata
and Hyla arborea; however, these individuals attempted to
move away from the source of noise and even ceased call-
ing [25–35]. This may indicate that, in some species, noise
directly affects habitat selection [40]. However, testing this
effect was not an objective of this work.

Our study is based on short-term exposure to traffic noise
and individuals not previously exposed to it. Therefore, we
only assessed very immediate effects caused by noise and
cannot exclude the possibility of additional changes in call
parameters, which might occur during long-term exposure.
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Fig. 2 Main effects (average and standard error) of road traffic at three different amplitudes on the call parameters of the Mundo Novo treefrog
(Boana marginata). Letters a, b represent significant differences between treatments for each parameter tested

Table 1 Effect of road traffic noise on temporal and spectral parameters of the advertising call of Boana marginata at three different intensities

Treatment Silence 55 dB 65 dB 75 dB

Note rate A (note/min) 0.9 (0.1) 0.9 (0.2) 1.1 (0.4) 0.8 (0.1)

Note rate B* (note/min) 7.8 (1.3) 6.2 (1.3) 5.8 (1.4) 6.1 (1.3)

Note length A (seconds) 0.6 (0.03) 0.6 (0.03) 0.6 (0.05) 0.6 (0.06)

Note length B (seconds) 0.7 (0.02) 0.7(0.05) 0.7 (0.04) 0.7 (0.05)

Pulse length A (seconds) 0.03 (0.002) 0.03 (0.002) 0.03 (0.002) 0.03(0.001)

Pulse length B (seconds) 0.01 (0.001) 0.01 (0.001) 0.02 (0.001) 0.01 (0.001)

Pulse interval A (seconds) 0.035 (0.001) 0.036 (0.001) 0.034 (0.001) 0.039 (0.003)

Pulse interval B* (seconds) 0.021 (0.003) 0.026 (0.002) 0.030 (0.004) 0.028 (0.003)

Pulse rate B* (pulses/0.2 s) 10.3 (0.9) 9.0 (0.7) 9.3 (0.8) 9.6 (0.6)

Dominant frequency A (kHz) 1.8 (0.03) 1.8 (0.03) 1.8 (0.03) 1.8 (0.02)

Dominant frequency B (kHz) 1.6 (0.02) 1.7 (0.02) 1.6 (0.03) 1.6 (0.02)

The mean and standard error of each parameter are shown; *p < 0.05 between silence and treatments

In addition, we tested onlymales, i.e., the emitters of acoustic
signals, and exogenous acoustic noise generally decreases the
ability of a receiver to decode a message [9]. Therefore, new
studies with anurans should be performed to better under-
stand how changes induced by anthropogenic noise affect
males and females, be it in physiology, behavior and choice
of companions, thus increasing the contribution to the defi-
nition of strategies to reduce sound impacts. In this study, the

stimulus that caused most of the changes in the B. marginata
call was 65 dB (equivalent to 100 m of roadside), while the
stimulus of 55 dB (equivalent to 200 m of roadside) did not
have any significant effect. This finding might indicate that
this method is promising for study and may be safe for the
communication of some anuran species.

Studies testing the effect of anthropogenic noise on anu-
rans include not only traffic but also a series of human sources
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to which the environment is constantly under pressure, such
as airplanes [36, 41], wind farms [42], and even underground
vehicle vibrations [43]. Therefore, we suggest that new stud-
ies adopt sample designs that can refine this effect limit from
different distances to different sources of human-generated
noise.

Acknowledgements We are grateful to Maria João Veloso Da Costa
Ramos Pereira and Camila Ineu Medeiros for revision suggestions;
Natália Dallagnol Vargas, Miron Mauricio Ferreira and Barbara Vicen-
tini for their help in field activities; to FLONA-SPF and the people
who work there; to the Instituto de biociências-UFRGS; to the Instituto
Chico Mendes de Conservação da Biodiversidade (ICMBio) for the
authorization of the experiments (n° 42411-1); to PROPESQ-UFRGS
for the research grant (UFRGS-BIC); and to the Explorers Club (New
York, USA) for financial assistance with field equipment and activities.

Funding Open access funding provided by Università degli Studi di
Milano - Bicocca within the CRUI-CARE Agreement.

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License,which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, pro-
vide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ceballos, G., Ehrlich, P.R., Barnosky, A.D., García, A., Pringle,
R.M., Palmer, T.M.: Accelerated modern human–induced species
losses: entering the sixth mass extinction. Sci. Adv. 1(5), e1400253
(2015). https://doi.org/10.1126/sciadv.1400253

2. Hails, C., Humphrey, S., Loh, J., Goldfinger, S., Chapagain, A.,
Bourne, G., Mott, R., Oglethorpe, J., Gonzales, A., Atkin, M,
Collen, B., McRae, L., Carranza, T.T., Pamplin, F.A., Amin, R.,
Baillie, J.E.M., Wackernagel, M., Stechbart, M., Rizk, S., Reed,
A., Kitzes, J., Peller, A., Niazi, S., Ewing, B., Galli, A., Wada, Y.,
Moran, D., Williams, R., De Backer, W., Hoekstra, A.Y., Mekon-
nen, M.: Living planet report 2008. WWF international (2008).

3. Vié, J.C., Hilton-Taylor, C., Stuart, S.N. (Eds.):Wildlife in a chang-
ing world: an analysis of the 2008 IUCN Red List of threatened
species. IUCN (2009).

4. Dodd, C.K. (ed.): Amphibian Ecology and Conservation: A Hand-
book of Techniques. OUP, Oxford (2010)

5. Stuart, S.N., Hoffmann, M., Chanson, J., Cox, N., Berridge, R.,
Ramani, P., Young, B. Threatened Amphibians of the World. Lynx
Edicions, Cerdanyola del Vallès (2008).

6. Brumm, H.: Anthropogenic Noise: Implications for Conservation.
Academic Press, San Diego, Encyclopedia of animal behavior
(2010)

7. Kunc, H.P., Schmidt, R.: The effects of anthropogenic noise on ani-
mals: a meta-analysis. Biol. Lett. 15(11), 20190649 (2019). https://
doi.org/10.1098/rsbl.2019.0649

8. Wells, K.D.: The social behaviour of anuran amphibians. Anim.
Behav. 25(3), 666–693 (1977). https://doi.org/10.1016/0003-3472
(77)90118-X

9. Bradbury, J.W., Vehrencamp, S.L.: Principles of Animal Commu-
nication. Sinauer Associates, Sunderland (1998)

10. Gerhardt, H.C., Huber, F.: Acoustic Communication in Insects and
Anurans: Common Problems and Diverse Solutions. University of
Chicago Press, Chicago (2002)

11. Feng, A.S., Narins, P.M., Xu, C., Lin, W., Yu, Z., Qiu, Q., Xu, Z.:
Ultrasonic communication in frogs. Nat. 440(7082), 1–4 (2006).
https://doi.org/10.1038/nature04416

12. Hollén, L.I., Radford, A.N.: The development of alarm call
behaviour in mammals and birds. Anim. Behav. 78, 791–800
(2009). https://doi.org/10.1016/j.anbehav.2009.07.021

13. Nogueira, S.S., Pedroza, J.P., Nogueira-Filho, S.L., Tokumaru,
R.S.: The function of click call emission in capybaras (Hydro-
choerus hydrochaeris). Ethol. 118(10), 1001–1009 (2012). https://
doi.org/10.1111/eth.12001

14. Reby, D., Cargnelutti, B., Joachim, J., & Aulagnier, S.: Spectral
acoustic structure of barking in roe deer (Capreolus capreolus):
Sex-, age-and individual-related variations. C. R.Acad. Sci. III-
Sciences de la Vie. 322(4), 271–279 (1999). https://doi.org/10.
1016/S0764-4469(99)80063-8

15. Rheindt, F.E.: The impact of roads on birds: does song frequency
play a role in determining susceptibility to noise pollution? J.
Ornithol. 144(3), 295–306 (2003). https://doi.org/10.1046/j.1439-
0361.2003.03004.x

16. Wells, K.D.: The Ecology and Behavior of Amphibians. University
of Chicago press, Chicago (2008)

17. Zaffaroni-Caorsi, V., Both, C., Márquez, R., Llusia, D., Narins, P.,
Debon, M., Borges-Martins, M.: Effects of anthropogenic noise
on anuran amphibians. Bioacoustics 32(1), 90–120 (2023). https://
doi.org/10.1080/09524622.2022.2070543

18. Vargas-Salinas, F., Cunnington, G.M., Amézquita, A., Fahrig, L.:
Does traffic noise alter calling time in frogs and toads? A case
study of anurans in Eastern Ontario, Canada. Urban Ecosyst. 17,
945–953 (2014). https://doi.org/10.1007/s11252-014-0374-z

19. Vélez, A., Schwartz, J.J., Bee, M.A.: Anuran acoustic signal
perception in noisy environments. In: Brumm,H. (ed)Animal com-
munication and noise, pp.133–185. Springer, Heidelberg (2013)

20. Bee, M.A., Swanson, E.M.: Auditory masking of anuran adver-
tisement calls by road traffic noise. Anim. Behav. 74, 1765–1776
(2007). https://doi.org/10.1016/j.anbehav.2007.03.019

21. McGregor, P.K., Horn, A.G., Leonard, M.L., Thomsen, F.: Anthro-
pogenic noise and conservation. In: Brumm, H. (ed) Animal
communication and noise, pp. 409–444. Springer, Heidelberg
(2013)

22. Cunnington,G.M., Fahrig, L.: Plasticity in the vocalizations of anu-
rans in response to traffic noise. Acta Oecologica. 36(5), 463–470
(2010). https://doi.org/10.1016/j.actao.2010.06.002

23. Halfwerk, W., Lea, A.M., Guerra, M.A., Page, R.A., Ryan, M.J.:
Vocal responses to noise reveal the presence of the Lombard effect
in a frog. Behav. Ecol. 27(2), 669–676 (2016). https://doi.org/10.
1093/beheco/arv204

24. Shen, J.X., Xu, Z.M.: The Lombard effect in male ultrasonic frogs:
Regulating antiphonal signal frequency and amplitude in noise.
Sci. Rep. 6(1), 27103 (2016). https://doi.org/10.1038/srep27103

25. Caorsi,V.Z.,Both,C.,Cechin, S.,Antunes,R.,Borges-Martins,M.:
Effects of traffic noise on the calling behavior of two Neotropical

123

http://creativecomm\penalty -\@M ons.org/licenses/by/4.0/
https://doi.org/10.1126/sciadv.1400253
https://doi.org/10.1098/rsbl.2019.0649
https://doi.org/10.1016/0003-3472(77)90118-X
https://doi.org/10.1038/nature04416
https://doi.org/10.1016/j.anbehav.2009.07.021
https://doi.org/10.1111/eth.12001
https://doi.org/10.1016/S0764-4469(99)80063-8
https://doi.org/10.1046/j.1439-0361.2003.03004.x
https://doi.org/10.1080/09524622.2022.2070543
https://doi.org/10.1007/s11252-014-0374-z
https://doi.org/10.1016/j.anbehav.2007.03.019
https://doi.org/10.1016/j.actao.2010.06.002
https://doi.org/10.1093/beheco/arv204
https://doi.org/10.1038/srep27103


Acoustics Australia

hylid frogs. PLoS ONE 12(8), e0183342 (2017). https://doi.org/
10.1371/journal.pone.0183342

26. Desjonquères, C., Rybak, F., Ulloa, J.S., Kempf, A., Bar Hen, A.,
Sueur, J.: Monitoring the acoustic activity of an aquatic insect pop-
ulation in relation to temperature, vegetation and noise. Fresh. Biol.
65(1), 107–116 (2020). https://doi.org/10.1111/fwb.13171

27. Margaritis, E., Kang, J., Filipan, K., Botteldooren, D.: The influ-
ence of vegetation and surrounding traffic noise parameters on
the sound environment of urban parks. Appl. Geogr. 94, 199–212
(2018). https://doi.org/10.1016/j.apgeog.2018.02.017

28. Garcia, P.C.A., Vinciprova, G., Haddad, C.F.B.: Vocalização,
girino, distribuição geográfica e novos comentários sobre Hyla
Marginata Boulenger, 1887 (Anura, Hylidae, Hylinae). Boletim
do Museu Nacional, Nova Série, Zoologia. 460, 1–19 (2001)

29. Kwet, A., Lingnau, R., Di Bernardo, M.: Gaúcha, Sul do
Brasil–Amphibien der Serra Gaúcha, Südbrasilien–Amphibians of
the Serra Gaúcha, South of Brazil. Brasilien-Zentrum der Univer-
sität, Tübingen (2010)

30. McGregor, P. K., Dabelsteen, T., Shepherd, M., Pedersen, S. B.:
The signal value of matched singing in great tits: evidence from
interactive playback experiments. Anim. Behav. 43(6), 987–998
(1992). https://doi.org/10.1016/S0003-3472(06)80012-6

31. Cocroft, R.B., Ryan, M.J.: Patterns of advertisement call evolution
in toads and chorus frogs. Anim. Behav. 49(2), 283–303 (1995).
https://doi.org/10.1006/anbe.1995.0043

32. Anderson, M.J.: Permutation tests for univariate or multivariate
analysis of variance and regression. Can. J. Fish. Aquat. Sci. 58(3),
626–639 (2001). https://doi.org/10.1139/f01-004

33. Oksanen, J.: Vegan: Community Ecology Package. http://vegan.r-
forge.r-project.org/. (2010).

34. Sueur, J., Aubin, T., Simonis, C.: Sound analysis and synthesis with
the package Seewave. Bioacoustics 18(2), 213–226 (2008). https://
doi.org/10.1080/09524622.2008.9753600

35. Lengagne, T.: Traffic noise affects communication behaviour in a
breeding anuran. Hyla arborea. Biol. Conserv. 141(8), 2023–2031
(2008). https://doi.org/10.1016/j.biocon.2008.05.017

36. Sun, J.W., Narins, P.M.: Anthropogenic sounds differentially affect
amphibian call rate. Biol. Conserv. 121(3), 419–427 (2005). https://
doi.org/10.1016/j.biocon.2004.05.017

37. Forrest, T.G.: From sender to receiver: propagation and environ-
mental effects on acoustic signals. Am. Zool. 34(6), 644–654
(1994). https://doi.org/10.1093/icb/34.6.644

38. Gerhardt, H.C., Schwartz, J.J.: Auditory tuning and frequency pref-
erences. In: Ryan, M.J. (ed.) Anuran communication, pp. 73–85.
Smithsonian Institution Press, Washington (2001)

39. Lea, J., Dyson, M., Halliday, T.: Calling by male midwife toads
stimulates females to maintain reproductive condition. Anim.
Behav. 61(2), 373–377 (2001). https://doi.org/10.1006/anbe.2000.
1604

40. Herrera-Montes, M.I., Aide, T.M.: Impacts of traffic noise on anu-
ran and bird communities. Urban Ecosyst. 14, 415–427 (2011).
https://doi.org/10.1007/s11252-011-0158-7

41. Kruger, D.J., Du Preez, L.H.: The effect of airplane noise on frogs:
a case study on the Critically Endangered Pickersgill’s reed frog
(Hyperolius pickersgilli). Ecol. Res. 31, 393–405 (2016). https://
doi.org/10.1007/s11284-016-1349-8

42. Oliveira, R.F., deAraujo Lira, A.F., Zaffaroni-Caorsi, V., deMoura,
G.J.B.: Wind farm noise and anuran diversity patterns: a case
study in Brazilian seasonal dry tropical forest. Bioacoustics 32(5),
544–555 (2023). https://doi.org/10.1080/09524622.2023.2204325

43. Caorsi, V., Guerra, V., Furtado, R., Llusia, D., Miron, L.R.,
Borges-Martins, M., Márquez, R.: Anthropogenic substrate-borne
vibrations impact anuran calling. Sci. Rep. 9(1), 19456 (2019).
https://doi.org/10.1038/s41598-019-55639-0

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

123

https://doi.org/10.1371/journal.pone.0183342
https://doi.org/10.1111/fwb.13171
https://doi.org/10.1016/j.apgeog.2018.02.017
https://doi.org/10.1016/S0003-3472(06)80012-6
https://doi.org/10.1006/anbe.1995.0043
https://doi.org/10.1139/f01-004
http://vegan.r-forge.r-project.org/
https://doi.org/10.1080/09524622.2008.9753600
https://doi.org/10.1016/j.biocon.2008.05.017
https://doi.org/10.1016/j.biocon.2004.05.017
https://doi.org/10.1093/icb/34.6.644
https://doi.org/10.1006/anbe.2000.1604
https://doi.org/10.1007/s11252-011-0158-7
https://doi.org/10.1007/s11284-016-1349-8
https://doi.org/10.1080/09524622.2023.2204325
https://doi.org/10.1038/s41598-019-55639-0

	Traffic Noise Affects Brazilian Mundo Novo Treefrog Calling Behavior
	Abstract
	1 Introduction
	2 Material and Methods
	2.1 Study Area
	2.2 Focal Species
	2.3 Recording Traffic Noise
	2.4 Playback Experiment
	2.5 Acoustic Analyses
	2.6 Statistical Analyses

	3 Results
	4 Discussion
	Acknowledgements
	References


