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ABSTRACT. Increased anthropogenic-made sounds such as traffic noises contribute to acoustic pollution, which produces deleterious effect on song-
vertebrates. We compared the advertisement call of Scinax nasicus (Cope, 1862) males in natural (as a reference or control, Site A) and Sites affected
by traffic noises (Site B). Call structure was recorded and it was amplified in sonograms (software Raven Pro 1.5). Seven variables were measured on
its advertisement call: duration (s), number of notes, number of pulses per note, maximum and minimum frequency (kHz), dominant frequency (kHz)
and amplitude (dB). In addition, at each Site the background noise (the fundamental frequency, FO and amplitude, dB) was measured. The amplitude of
background noise reached higher values (68.02 dB) in Site B, while in Site A was lower (34.81 dB). Thus, the FO in Site A was 6.28 kHz and in Site B
it was 4.15 kHz. Frog call in noisy environment (Site B) were characterized by lesser duration (s) and number of pulses per note, higher maximum and
dominant frequencies (kHz), lower minimum frequencies, and amplitude (dB) when compared with control environment (Site A). Our study highlights,
that S. nasicus males shift their vocal structure in traffic noisy ponds, mainly by vocal “adjust” of their frequencies and amplitude to counteract masking
effect. Finally, acoustic monitoring of anurans on noise environments should be considering the spatial, temporal and spectral overlap between noise
and species-specific acoustic behaviour.

KEYWORDS. Amphibians, vocalization, vocal adjust, Hylidae.

RESUMEN. Efecto del ruido del trafico en la vocalizacién de machos de Scinax nasicus (Amphibia, Anura). El aumento de los sonidos de origen
antropogénico, como los ruidos del trafico, contribuyen a la contaminacion actstica, que produce un efecto nocivo en el canto de los vertebrados.
Comparamos la vocalizacion de machos de Scinax nasicus (Cope, 1862) en ambientes naturales (como referencia o control, Sitio A) y sitios afectados por
ruidos de trafico (Sitio B). La estructura de la vocalizacion se registrd y amplifico en sonogramas (software Raven Pro 1.5). Se midieron siete variables
de su vocalizacion: duracion (s), nimero de notas, nimero de pulsos por nota, frecuencia maxima, minima y dominante (kHz) y amplitud (dB). Ademas,
en cada sitio se midi6 el ruido de fondo (frecuencia fundamental, la FO y amplitud, dB). La amplitud del ruido de fondo alcanzé valores mas altos (68.02
dB) en el Sitio B, en el Sitio A fue menor (34.81 dB). Por lo tanto, el FO en el Sitio A fue de 6.28 kHz y en el Sitio B fue de 4.15 kHz. Las vocalizaciones
de esta rana en el ambiente con ruido de trafico (Sitio B) se caracterizaron por menor duracion (s) y numero de pulsos por nota, mayor amplitud (dB) y
frecuencias maximas y dominantes mas altas (kHz), baja frecuencia minima en comparacion con el ambiente control (Sitio A). Nuestro estudio resalto
que los machos de S. nasicus cambian su estructura vocal en estanques de ruido de trafico, principalmente por “ajuste” vocal de sus frecuencias y
amplitud para contrarrestar el efecto de enmascaramiento del ruido. Finalmente, el monitoreo acustico de anuros en ambientes ruidosos debe considerar
el solapamiento espacial, temporal y espectral entre ruido acustico especifico y el comportamiento de la especie.

PALABRAS CLAVES. Anfibios, vocalizaciones, ajustes vocales, Hylidae.

Investigations on acoustic communication in animals
have provided some of the clearest demonstrations of the
ways in which animals adapt to their environments. The
transformation of natural habitats into urban areas not only
reduces suitable habitat, but also increases anthropogenic
sounds such as noise from vehicle traffic (WARREN et al.,
2006). These habitat modifications produce alteration on vocal
communications and interfere or mask social signals between
animals that frequently occur near highways and where noise
traffic is present (READ et al., 2014). The acoustic pollution
by traffic noises, interfere with vocalizations of vertebrates,
a phenomenon described as acoustic masking (BRumM &

SLABBEKOORN, 2005). The negative consequences of acoustic
masking were well studied in several vertebrates groups,
among them fishes (SLABBEKOORN et al., 2010; VOELLMY et
al.,2014), whales (CROLL et al., 2001; WARTZOK et al., 2003,
BUCKSTAFF, 2004), seals (TERHUNE et al., 1979; RaBIN et al.,
2003), frogs (SUN & NARINS, 2005), and birds (SLABBEKOORN
& PEET, 2003; BRuMM, 2004; HALFWERK et al., 2011).
Therefore, a widely source of acoustic pollution such as traffic
noises, not only degrades habitats but it is also a significant
stressor that impaired communication and alter behavioural
(HALFWERK et al., 2011; ORTEGA, 2012; FRANCIS et al., 2012)
for many vocalizing organisms, including many amphibian
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species (BARBER et al., 2010; NELSON et al., 2016). In these
vertebrates, changes in their vocalizations in response to high
levels of traffic noises (SUN & NARINS, 2005; LENGAGNE,
2008; CUNNINGTON & FaHRIG, 2010) reduce abundances and
population composition. The demographic alteration may be
due to disruption or partial masking of nuptial call that alter
effective transmission distance (ETD), disorienting females
towards a reproduction chorus, and preventing mate attraction
(NARINS, 1982; WARREN et al., 2006; LENGAGNE, 2008).
The noises above 60 dB produced by machines and
vehicles are unrivalled in the natural world (WARREN et
al., 2006); becoming acoustically polluted environments
(SwADDLE & PAGE, 2007). Differences in calling behaviour
have been determined in several species of anurans in areas
acoustically polluted with traffic noises (LENGAGNE, 2008;
ENGBRECHT et al., 2015; KRUGER & DU PREEZ, 2016; CAORSI
et al., 2017). There are not enough studies of how anuran
response to noise pollution (SUN & NaRrINS, 2005), and
there are scarce in South America. Thus, it is mentioned that
anthropogenic noise can suppress calling in some amphibians
and it has direct and indirect complex effects. Conversely,
among the effects reported that studied the influence of sounds
produced by invasive species (CAORSI et al., 2017) or traffic
noises on neotropical frogs (MEDEIROS ef al., 2017) stated
out that may hinder species communication by decreasing
or modifying signals. These alterations, consequently affect
amphibian reproductive success and survival. These complex
effects are well demonstrated in a variety of taxonomic groups
across a range of scales, from the physiology and behaviour
of individuals to changes at the population and community
level (see BARBER ef al., 2010; SLABBEKOORN et al., 2010).
The objective of our study was to analyse the
advertisement call of Scinax nasicus, in environments with
and without traffic noise in eastern Argentina. The hypothesis
of our study is verified if the males of S. nasicus adjust
their advertisement call presenting changes in call duration,
number of notes per call, number of pulses per note, maximum
and minimum frequency, dominant frequency and amplitude.

MATERIALS AND METHODS

Study area. Sampling Sites were located in Entre
Rios Province, mid-eastern Argentina. Many of the aquatic
habitats in this area, that are crucial for anuran reproduction
and survival, have been greatly altered to the point that
existing amphibian populations may be dependent on altered
wetlands or ephemeral ponds imbedded within or around
urbanization or agricultural areas (PELTZER ef al., 2003).
The climate is temperate, with a mean annual temperature of
24 (£2) °C and mean annual precipitation of 995 (+100) mm.

Two types of Sites were selected for comparisons:
natural (as a reference or control) and “noisy” ponds,
hereby referred to as Sites A and B. The natural ponds (N
=3, Site A, 31°40°29”S; 60°20°13”W) are located within
a protected forest fragment (Parque General San Martin;
PGSM) characterized by elements of flora and fauna of
two Ecoregions: Espinal and Delta-Islas del Rio Parana

(BURKART et al., 1999; OLSON et al., 2001). These pluvial
ponds are located in the inner area of this forest fragment
situated more than 4 km away from the route. Thus, the
“noisy” ponds (N = 3, Site B, 31°43°50”’S; 60°28°02”W)
are located on one side of a two-lane route (National route
-RN- number 12-Km 23.5) where due to the slope of the
land several pluvial ponds are formed. In the last Site, ponds
were 10 m away from the route. In this route the mean daily
vehicular traffic ranged between 9500 and 10000 of heavy
vehicles such as, cars, trucks and buses and a mean speed
of 110 km (ATTADEMO ef al., 2011).

In both Sites (Sites A, B), particular attention was paid
to the following features: (1) all ponds were primary permanent
water bodies; and (2) the ponds were 100 m apart one from
another. The most common vegetation emerged or surrounded
the edge of all ponds, common named as transitional zones
between terrestrial and aquatic ecosystems (zones ecotones
that connects water bodies with their adjacent uplands, ZAIMES
et al., 2010), included cattails (Typha latifolia), willow
(Salix humboldtiana), burhead (Echinodorus grandiflorus),
pampas grass (Cortaderia selloana), duckpotatoe (Sagittaria
montevidensis), smartweed (Polygonum punctatum), and rush
(Juncus pallescens). The pond areas ranged from 120 m?* to
3000 m?. Whereas microhabitat temperature fluctuations
are possible, temperature was measured with a digital
thermometer (0.1 °C) in each Site, to avoid microhabitat
scale effect on frog’s call (NELsON ef al., 2017).

Species selected. The snouted tree frog, Scinax nasicus
(Cope, 1862), is a small (SVL 27-35 mm; CEI1, 1980) hylid
frog with flat body and triangular snout, tympanum easily
visible limited above by an oblique supra-tympanic fold,
and slightly constricted neck. This species is well-adapted
to climb due to its adhesive disks on tips of fingers and toes
and conical subarticular tubercles. It breeds from late spring
to late summer. Its distribution include Argentina, Bolivia,
Brazil, Paraguay, and Uruguay, where is frequently found
in natural, urban and agricultural environments (PELTZER
& LasmaNovicH, 2007). The conservation status of this
frog is “Least Concern” according to KWET et al. (2004). A
single type of note, with a mean of five pulses, composes
the advertisement call. The call duration is 0.05-0.35 s, with
a frequency spectrum that ranges from about 0.8 to 3.9 kHz
and a dominant frequency ranged between 0.85-1.11 kHz.
The note duration varied between 0.04-0.1 s, whereas the
notes are separated by a mean of 0.1 s intervals, and pulses
per note varied between 2 and 4 (DE LA Riva ef al., 1994;
Luis Fernando Marin da Fonte, unpubl. data).

Environmental noise. Environmental noise was
recorded for five-minute periods one hour before sunset. In
accordance of the microhabitat vocalization of S. nasicus
(in the edge of ponds, SANCHEZ et al., 2013), in both Sites
the records were made in the ecotones. To standardize all
records in both Sites, the distance from the edge of ponds
was two meter and the recorder instrumental was placed ata
height of one meter. The records were similarly in both Sites
to allow comparison and provide the environmental noise
that characterize the habitat frog’s vocalization.
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Acoustic records. The environmental noise and S.
nasicus advertisement call components of each Site were
studied over the course of one breeding season (December
2013 — February 2014, N = 32 nights) by analysing both
environmental noises and frog call structure from sonograms.

Environmental noise and frog call were recorded
with a multidirectional microphone (Panasonic PN-666) that
was mounted in a fiberglass parabola (55 cm in diameter)
connected to a Sony TCM — 400DV tape recorder. In spite
of the simplicity of the components used, these provide
excellent directionality and noise reduction (BUDNEY &
GROTKE, 1997; LEON ef al., 2015).

Frog advertisement vocalization. The call of male
frogs (N =39 Site A, N =59 Site B) was recorded from each
type of Site. These acoustic records were started one hour
before sunset and it was continued for three hours. Each call
was recorded at a distance of 50 = 5 cm from the frog. At
least 10 min were allowed to pass between individual frog
recordings to allow surrounding frogs to recover from any
disturbance caused by the observers. All the frogs recorded
were located 70-80 cm above the soil surface, mainly on
herbs such as pampas grass (C. selloana), in order to avoid
variation in habitat selection, temperature, and humidity,
once these factors influence the enhancement or attenuation
of different frequencies (CATCHPOLE et al., 1995; ZOLLINGER
& Brumwm, 2015). Additionally, once a frog was localized, all
observation movements and light disturbance from flashlights
were stopped for five minutes before recording in order
to allow the frog to continue normal calling behaviour.
Observers walking in only one direction around the breeding
Site (HEYER, 1994) minimized the probability of recording
the same as frog during a night survey. After call recording,
the males were captured and measured (snout-vent length)
with a digital caliper (= 0.01 mm), then they were released
in the same Site.

Analyses of environmental noise and vocalization.
The mean Site’s amplitude (dB) and the fundamental
frequency (FO) were measured from sonograms of
environmental acoustic records of each Site. The section
from each environmental acoustic record that contained
the highest noise level was selected. The recording of the
sound in each Site consisted on three continuous minutes
of duration. Then, they were scanned and saved as ASCII
and WAVE files. Each sample was reduced from three to
one minute, to facilitate further analysis, selecting from the
original recording 3 to 20-second portions (first 20 s., 20
central s., and 20 final s.). Because the noise (mainly those
produced by humans and machines) is composed of low
fundamental frequencies, the average amplitude used was that
contained in the analysed elements below 0.60 kHz, a filter
of frequencies lower than this value was applied, since the
sound below said frequency corresponds to the interference
by high voltage antennas in the area. Then, a Fourier analysis
was performed, obtaining a spectrogram frequency spectrum
of each ambient sound portion. These environmental noises
are below the calls emitted by anurans, as demonstrated by
CUNNINGTON & FAHRIG (2010).

Following KOHLER ef al. (2017), seven variables
were measured on frog’s call: call duration (s), number of
notes per call, number of pulses per note, maximum and
minimum frequency (kHz), dominant frequency (kHz) and
amplitude of call (dB). Frog call structure was amplified in the
sonograms of environmental noise by using software RAVEN
Pro 1.5 (sampling frequency: 44.100 Hz, FFT length: 4096,
time resolution: 2.90 ms., frequency resolution 5.38 kHz —
THE CORNELL LAB OF ORNITHOLOGY, Ithaca, NY, USA).

Statistical analysis. The environmental temperatures
of the ponds studied were averaged by Sites (A, B) and
then these mean temperatures in each sample period were
compared using a Mann-Whitney U test, to ensure that frog’s
call were recorded under the same temperatures (PARRIS et
al.,2009). Similarly, snout vent length (size) of males in the
different point samples of each Site were compared with one
tailed paired z-student test. Frog’s call variables (duration-s,
number of pulses per note, maximum and minimum
frequency, dominant frequency-kHz, and amplitude-dB), as
well as mean background noise (amplitude and fundamental
frequency-F0) were analysed with a one tailed paired t-student
test to compute the statistical significance between Sites.
Multidimensional scaling (NMDS) was applied to ordinate
samples based on frog’s acoustic variables and to explore
graphically whether these variables varied in the Sites. Bray
- Curtis dissimilarity was used as resemblance measure of
frog’s acoustic variables between Sites. R (R CORE TEAM,
2018) with vegan package (OKSANEN et al., 2013) was utilized
for all statistical analyses. For the construction of figures the
geplot2 package was used (WICkHAM, 2016).

RESULTS

The environmental noise showed differences in
amplitude (dB) and fundamental frequencies (F0) in both
Sites. The mean amplitude in Site A was lower (34.81 dB)
than that recorded in Site B (68.02 dB) (r=7.79, df = 81.2,
p <0.05, Fig. 1 A1, B1). Noises in Site B were produced
by traffic (cars, motorcycles, and trucks) on road. The
fundamental frequency (FO0) in Site A was 6.28 kHz while
in Site B 4.15 kHz (= 6.89, df =76.1, p < 0.05; Fig 1. A2,
B2, respectively). In addition, environmental temperatures
were similar (U = 3.50, p < 0.05) in the two Sites (Site A
mean = 25 + 1 °C; Site B mean = 25 + 2.3 °C) during the
studied period. Male sizes were similar (¢ = 8.4, df = 96,
p > 0.05) in both Sites (Site A mean = 32 + 2 mm; Site B
mean = 31 + 1.5 mm).

The amplitude of call between Site A (28 + 3.01
dB, Fig. A3) and Site B (35 + 0.05 dB, Fig. B3) differed
significantly (r=2.72, df=81.9, p <0.001). The analysis of
the spectrograms (Fig 1. A4, B4) showed that the duration
of frog call in Site A (0.30 + 0.02 s) was longer than Site
B (0.15 £ 0.01 s), these values are significantly different
(t=2.12,df=57.2 p <0.05). The number of notes for both
Sites was N = 1, whereas the mean number of pulses per
note was significantly higher (#=3.21,df=61.5,p <0.001)
in Site A (4.07 = 0.38) than in Site B (2.5 = 0.16). The
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Fig 1. Noise backgrounds and Scinax nasicus (Cope, 1862) call parameters at reference (Site A) and noisy environments (Site B). Amplitude (oscillograms
Al, Bl) and frequency (spectrograms A2, B2) of the environments. Amplitude (oscillograms A3, B3) and frequency (spectrograms A4, B4) of the
advertisement frog’s call.
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maximum frequency in Site A was 2.80 £+ 0.09 kHz, being
significantly lower (1=15.22, df=74.4, p <0.0001) than Site B
(3.79 £0.08 kHz). On the contrary, the minimum frequencies
was significantly higher (r = 5.28, df = 49.7, p < 0.0001)
in Site A (1.16 £ 0.53 kHz) than Site B (0.67 + 0.23 kHz).
The dominant frequency was significantly higher (¢ =5.19,

df =44.12, p < 0.00001) in Site B (2.62 £ 0.02 kHz) than
in Site A (2.02 + 0.06 kHz).

The number of pulses per note, minimum frequency,
and duration of frog’s call were different at the first dimension
of NMDS. In addition, Bray - Curtis dissimilarity distances
formed two distinct groups (Sites A and B, Fig. 2) according
to frog’s call variables (except for number of notes).

Fig 2. Non-metric multidimensional scaling (NMDS) ordination of call variables of Scinax nasicus (Cope, 1862) adult males in natural (filled circles,
Site A) and noisy environments (empty circles, Site B) Sites. The minimum frequency and duration as well as the displayed note pulse of the frogs call

were different between the Sites in the first dimension.

DISCUSSION

Our study demonstrated that the traffic noise at
breeding ponds closer to road (Site B) had higher amplitudes
(68.02 dB), where Scinax nasicus adjusts its advertisement
call (shorter duration with higher amplitude, lower number
of pulses per note, variation in range of maximum, minimum,
and dominant frequencies). No differences in temperature
or frog’s size were found between Sites, indicating that
frog’s call were recorded under similar temperature avoiding
microhabitat effect (PARRIS et al., 2009), and controlling body
size (BRumM, 2004). It is revealed in amphibians that traffic
noise interfere with the transmission channel characteristics
and threat their survival (TROIANOWSKI, et al., 2017). As
regard, noise pollution is a potential underestimated threat that
affects species highly dependent of acoustic communication
(Caorst et al., 2017).

Scinax nasicus produced calls with shorter duration
in the traffic noisy Site (Site B, 68.02 dB), and differed to

advertisement call of S. nasicus from wet subtropical forest
(DE LA R1vA et al., 1994). Thus, call’s frog modification as
a response to increase in acoustic pollution by traffic were
found in the hylids Dryophytes cinereus and D. versicolor
(FELLERS, 1979), and the dendrobatid Andinobates bombetes
(VARGAS-SALINAS & AMEZQUITA, 2013). On the other hand,
not only there is evidence of vocal adjustments with respect
to traffic, FARIA ef al. (2013) found that Scinax squalirostris,
modified the duration and number of pulses per note of its
call due to a geographical variations, indicating may be
a co-generic vocal adjustment when they are exposed to
environmental or geographical situations.

Generally, anuran amphibians alter their frequency’s
call to avoid overlap with the fundamental frequency of the
anthropogenic-noisy environments, explaining the variation
observed in maximum, minimum and dominant frequencies
of frog’s call, in order to mitigate the effect of masking noise
(SuN & NARINS, 2005; Roca et al., 2016). In addition, it is
likely that the increase in the dominant frequency in noisy
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Sites increase the attraction of the females (ZHAO et al., 2017).
Scinax nasicus increase above of 0.60 kHz of its dominant
frequencies in noise Sites. Similarly, PARRIS et al. (2009)
demonstrated that the pelodryadid Litoria ewingii and the
myobatrachid Crinia signifera increase more than 0.10 and
0.15 kHz their dominant frequencies in Sites with highest
traffic noise levels. In addition, WARREN et al. (2006) pointed
out that low fundamental frequency generally characterizes
anthropic environments such as recorded in Site B (4.15
kHz), and they stated that song species in such environments
alters its frequency signals.

Strategies for flexible signal adjustment in noisy
environments involve an increase in amplitude call that
reduces masking impacts (HALFWERK & SLABBEKOORN, 2009;
PoHL et al., 2009). In general, the noisy environment can
alter females’ ability to orient toward the signal emitted by
males (phonotaxis), and therefore the probability of attracting
other males or females (BEE & SWANSON, 2007; BARBER et
al.,2010; NELSON et al., 2016). Several species of frogs have
been shown to alter call amplitudes during noise exposure
(PENNA & HAMILTON-WEST., 2007). SHEN & XU (2016)
showed that the Chinese frog Odorrana tormota increases
amplitude of its call in response to increasing noise level,
similarly to S. nasicus call’s amplitude from Site B (35 dB).
Similarly, to frequencies variation, the increase in frog’s
call amplitude in a noisy environment may increase the
reception of the signal by the females. These short-term
behavioural responses presumably improve signal detection
by receivers (CUNNINGTON & FAHRIG, 2013) and thus may
contribute to maintaining successful communication in noisy
habitats (SLABBEKOORN, 2013). The sublethal effects of noise,
including physiological stress, energy cost and impaired
reproduction remain poorly understood (CUNNINGTON &
FAHRIG, 2010; KIGHT & SWADDLE, 2011). Furthermore,
higher amplitude observed in frog’s call from noisy Sites may
be explained in terms of the Lombard effect (LoMBARD, 1911),
a common response to counteract masking from background
noise (WARREN et al., 2006), that is well demonstrated for
different amphibian species (SUN & NARIs, 2005; HALFWERK
et al., 2016; SHEN & Xu, 2016).

CUNNINGTON & FAHRIG (2010) demonstrated that four
anuran species (Lithobates clamitans, L. pipiens, Dryophytes
versicolor, Anaxyrus americanus) altered their vocalization
when motorbike noises increased (> 60 dB) on roads in
Eastern North America. These authors also noted that frog
species had a plastic vocalization during communication
due to anthropic noises. Such vocal plasticity allows frogs
to have a broader tolerance to environmental sound levels
(PADILLA & ADOLPH, 2005; GHALAMBOR et al., 2007; WELLS
& SCHWARTS, 2007).

Anthropic noise creates another form of habitat loss
(BARBER et al., 2010), and anurans may be vulnerable to
acoustic habitat modification (BEE & SwaNsoN, 2007).
Our results and tested hypothesis contribute to the growing
evidence that the singing vertebrates steadily alter vocal
behaviour as increasing environment noises (REUNEN et al.,
1995). It has been demonstrated that these noises produce

not only a shift in frog calls but also physiological stress
(e.g. higher level of corticosterone), and impair breeding
migration behaviour (WITTE et al., 2001; TENNESSEN ef al.,
2014), consequently affecting their fitness (SUN & NARINS,
2005) and population dynamics (KAISER & HAMMERS, 2009).

This first approach in an Argentinean frog provides
evidence of call responses in sites with and without anthropic
acoustic pollution produced mainly by traffic. We concluded
that S. nasicus shifts its vocal signal design (amplitude and
frequency) in aquatic sites near to paved roads characterized
by higher mean amplitude and low fundamental frequencies
of background noises. We recommend that advertisement call
of anuran amphibians should be considered as behavioural
biomarker to monitor acoustic pollution in anthropic
soundscapes.
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