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The sound produced by human-made machinery (technophony) is known to exert negative effects on animal
communication and well-being. Mining is an important economic activity in Brazil, which is often conducted
close to forested areas and produces a diffuse noise. In this study, the impact of such noise on biophony (biological
sounds)was investigated by characterizing and comparing the soundscapes of twodifferent sites (close versus dis-
tant fromanopen-castmine) in the sameAtlantic forest fragment,matched for habitat type, in Southeast Brazil. Six
automated recorders were installed at each site and were programmed to record continuously during seven con-
secutive days every twomonths betweenOctober 2012 andAugust 2013. Technophony and biophony valueswere
derived from power spectra and the Acoustic Complexity Index (ACI). Mann–Whitney U tests demonstrated that
the biophony exhibited a switch in daily dynamics, resulting in a statistically higher biophony during the day at the
site close to the mine and a higher biophony during the night at the site far from the mine. Potential species rich-
ness was found to be higher at the site that was distant from themine. The species composition and spectral char-
acteristics of the calls were also found to differ between the two sites. These results provide the first investigation
of potential disturbances caused by mining noise on biophony, demonstrating that it can cause alterations in the
temporal dynamics and daily patterns of animal sounds, which are symptoms of altered behaviors or variations
in community-species composition. These findings suggest remarkable insights that should be taken into consid-
eration in the regulating of the use of natural areas for mining.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Open-cast mining is known to produce high sound pressure levels
through exploratory and production drilling, blasting, cutting, handling
of materials, ventilation, crushing, conveying, ore processing and trans-
portation (Donoghue, 2004). This massive noise pollution has the po-
tential to negatively impact wildlife. Mining has been shown to impact
breeding birds by reducing their density (Smith et al., 2005), their spe-
cies diversity, and their population sizes (Saha and Padhy, 2011). Ant-
species richness has also been found to decrease owing to mining
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activity (Queiroz, 2013). Despite the evidence that noise pollution neg-
atively affects wildlife reproduction and longevity (Warren et al., 2006;
Slabbekoorn and Ripmeester, 2008; Barber et al., 2009; Francis et al.,
2011; Kight and Swaddle, 2011), sound pollution from mining activity
is still poorly regulated around the world (Hessel and Sluis-Cremer,
1987; Frank et al., 2003).

Many animal species depend on acoustic signals for intraspecific
communication (Catchpole and Slater, 2008). Several studies have dem-
onstrated that high noise levels may reduce habitat quality for many
species (Bayne et al., 2008) by masking sound signals and decreasing
the efficiency of animal communication (Langemann et al., 1998; Lohr
et al., 2003; Brumm, 2004; Bee and Swanson, 2007). Noise can also de-
crease reproductive success (Halfwerk et al., 2011), as well as altering
mating systems (Swaddle and Page, 2007; Habib et al., 2007) and pa-
rental care in bird species (Schroeder et al., 2012). Nonetheless, some
animal species are capable of adjusting their acoustic signals to commu-
nicate in noisy environments, for example, by increasing their ampli-
tude (Brumm et al., 2004; Brumm et al., 2009), shifting frequencies
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(Slabbekoorn and Peet, 2003; Parks et al., 2007; Nemeth and Brumm,
2009), altering their calling rates (Sun and Narins, 2005), changing
call duration (Brumm et al., 2004) or by shifting their time of calling
(Fuller et al., 2007; Sousa-Lima and Clark, 2008). Other species exhibit
behavioral changes including avoiding noisy areas during foraging
(Miksis-Olds et al., 2007; Schaub et al., 2008) and other daily activities
(Sousa-Lima and Clark, 2009; Duarte et al., 2011). Area avoidance and
acoustic compensatory mechanisms to reduce or offset the effects of
noisemay alter the acoustic complexity of a community in a given loca-
tion, resulting in a decrease in species' abundance (Bayne et al., 2008)
and/or diversity (Proppe et al., 2013) at noise-polluted sites.

Technophony,which is the soundproduced byhuman-mademachin-
ery, has becomeomnipresent in natural soundscapes (Barber et al., 2011)
and, despite evidence demonstrating negative impacts on animals, there
is still a lack of official regulation of the noise produced by industrial and
exploratory activities in terrestrial natural areas. The Atlantic forest in
Brazil is one of the richest and most endangered biomes of the world
(Myers et al., 2000) where a high level of mining activity occurs. Despite
this high level of mining activity, there are no laws regulating the sound-
pollution levels permitted in this biome. In many countries of the world,
noise monitoring from industrial activities is required only in respect to
its impacts on human health. Consequently, the effects of noise on wild-
life that are already known should drive efforts to develop environmental
legislation to protect wildlife (Brown et al., 2013).

Passive acoustic monitoring (PAM) methods provide opportunities
to evaluate the consequences of different land-use decisions
(Blumstein et al., 2011; Joo et al., 2011; Mennitt and Fristrup, 2012;
Brown et al., 2012, 2013), especially in environments such as mines,
that are difficult to access or monitor using conventional methods
(Mellinger and Barlow, 2003; Scott Brandes, 2008). PAMdevices can re-
cord data during several days continuously and, consequently, a large
amount of information can be collected from the acoustic environment.
As a result, special software and indices to process audio files rapidly
and efficiently are required (Kasten et al., 2012; Aide et al., 2013;
Sueur et al., 2014; Villanueva-Rivera and Pijanowski, 2015). In this con-
text, Pieretti et al. (2011) introduced the Acoustic Complexity Index
(ACI), which facilitates an indirect and rapidmeasuring of the complex-
ity of the soundscape. The ACI has been proven to be a useful tool in
tracking the dynamics of the sounds produced by animal communities
(Farina et al., 2013); this is achieved by describing the spectral complex-
ity of the biophony of soundscapes through the intrinsic variability of bi-
otic sounds. This index has already been applied in noisy environments
(Pieretti et al., 2011; Pieretti and Farina, 2013) because it possesses the
particular quality of helping to filter out most technophonies, such as
trains, cars or airplane transit noise; additionally, Towsey et al. (2014)
indicate ACI as one of the best indicators of bird biodiversity among
14 different acoustic indices.

There are no studies investigating how anthropogenic noise affects
soundscapes and biophony in mining areas. Considering that, the aim
of this study was to investigate noise effects on Atlantic forest sound-
scape dynamics by comparing the biophony and technophony at a site
close to an active open-cast mine and at a habitat-matched site that
was distant from the mine or other anthropogenic activities.

2. Methodology

2.1. Study area

Data were collected at the Environmental station of Peti in the mu-
nicipalities of São Gonçalo do Rio Abaixo and Santa Bárbara, Minas
Gerais state, Brazil (centered at 19°53′57″S and 43°22′07″W). The cli-
mate of southeastern Brazil can be divided into twomacro-climatic sea-
sons: a hot wet season, from October to March, and a cooler dry season
from April to September (Minuzzi et al., 2007).

The reserve is an Atlantic forest fragment of approximately 605 ha
located in the upper Rio Doce Basin (altitude range: 630–806 m). It is
estimated that the area harbors approximately 29 species of anurans
(Bertoluci et al., 2009), 231 species of birds (Faria et al., 2006) and 46
species of mammals (Paglia et al., 2005). A large part of the reserve is
covered by secondary arboreal vegetation of continuous canopy and
large trees (Nunes and Pedralli, 1995).

Peti is surrounded by small farms and is contiguouswith the Brucutu
Mine, which occupies an area of 8 km2 and produces noise through road
traffic, sirens and explosions during the day and night (Roberto, 2010).
Brucutu's iron ore extraction began in 1992 and it is currently one of the
largest mines of the world (Roberto, 2010).

2.2. Acoustic recordings and data analysis

Sensor arrays comprising six Song Meter Digital Field Recorders
(SM2) (Wildlife Acoustics, Inc., Massachusetts), distributed in two tri-
angles, were installed at two sites andwere programmed to record con-
tinuously during seven days every two months from October 2012 to
August 2013 (six recording sessions). Both sites were matched by hab-
itat and were located in the same Atlantic forest fragment. The 6-SM2
array close to the active open-cast mine was installed at a distance of
500 m from the mine and 25 m from the closest mining road. The 6-
SM2 array located at the site that was far from the mine was installed
at a distance of approximately 2500 m from the mine and 25 m from a
rarely used road in order to control for a potential border effect due to
the physical structure of the road (Fig. 1).

In order to avoid overlap of the sounds recorded, each SM2 within
each sensor triangle, was placed 80m from each other. This distance be-
tween recorders was established during a pilot study conducted in the
area. The distance between the two SM2 triangles was at least 100 m
in order to have two independent recording samples at each site
(close and far from the mine). The distance between the arrays (far
and close sites) was approximately 2300 m (Fig. 1). The triangular
array geometry was chosen to have one SM2 at the forest border and
two located 80 m toward the interior of the forest.

Each SM2 was fixed on a tree at 1.5 m above the ground and was
placed to have the two lateral microphones clear of any surface that
could be an obstacle to incoming sound waves. They were configured
to record in wave format at a sampling rate of 44.1 kHz, at 16 bits. No
high-pass or low-pass filters were applied. One SM2 disappeared during
the fifth session (at the site close to the mine), and the second session
was not considered for one SM2 installed at the site distant from the
mine because the noise produced by a flooded rivermasked all incoming
sounds.

The collected data were subsampled by analyzing the first two mi-
nutes of recordings every hour. The resulting 23,520 min (392 h) were
further processed using Wavesurfer software (Sjölander and Beskow,
2000) powered by the SoundscapeMeter plug-in (Farina et al., 2012). A
Fast Fourier Transform (FFT) of 512 points was applied to obtain, from
every two-minute file, a matrix made by 256 frequency bins of
86.13 Hz and 10,335 time intervals of 0.012 s. The resulting database of
power spectra (i.e., the sound energy values along a frequency axis in
each temporal interval)was used to analyze and describe two sonic com-
ponents of the soundscape in each site: technophony and biophony.

All the files were separated into two frequency bands: 1) 0–1.5 kHz
(predominantly occupied by noise or technophony) and 2) 1.5–
22.05 kHz (mainly occupied by biophony). The lower frequency band
was used to characterize the noise by analyzing the power spectrum
and the second band was further processed to extract values for the
ACI (Farina et al., 2011; Pieretti et al., 2011). The threshold of 1.5 kHz
was chosen becausemost of the energy from anthropogenic noise is pri-
marily concentrated under 2 kHz (Warren et al., 2006); this threshold
was lowered 500 Hz to prevent the exclusion of some important
biophonies that were just above 1.5 kHz from the ACI calculations
(Pieretti and Farina, 2013). This was possible owing to the ACI being
able to filter the noise over this threshold. Nonetheless, at the site closest
to the mine, the noise produced by truck transit often covered



Fig. 1. Position of the passive acoustic monitoring devices close to and far from (2) the mine site at Peti Environmental station, Southeast Brazil.
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frequencies up to 7–8 kHz, sometimes reaching upwards to 21 kHz. To
avoid bias from these specific events in the ACI estimations of the biolog-
ical sound expression, a specific routinewas created in JustBasic v.1.01 to
recognize and eliminate from the recordings every recorded truck pass-
ing. This was performed by cutting the portions of the files where the
lower frequency bands presented amplitude levels higher than an
established threshold, whichwas appositely verified to be always higher
than any eventual biophony recorded in those frequency bands. Sound
recording files dominated by rain or wind, which can also influence ACI
estimations, were eliminated from the analysis.

Noise levels at the sites close to and far from theminewere compared
by conducting two 20-minute measurements of the background sound
pressure levels at each SM2 recording point using a Z-weighted
B&K2270 sound level meter. All the animal sounds close to the micro-
phone were excluded from the recordings using BZ5503 software
(Bruel & Kjaer, Denmark). The standard sound-pollution measurement
equivalent sound levels (Leq) were then extracted from the recordings
(Rossing, 2007). The number of passings of the mining trucks per day
was determined by listening to the recordings made at the site close to
mine during 24 h over two days in each recording session using Raven
Pro 1.5 software. Recurrent sounds produced by theminewere classified
and characterized. Different types of anthropogenic sounds were select-
ed from two days of recordings (48 h) from one SM2 at the site close to
the mine for each recording session. The two most frequent types of
noise were truck passing noise and the reverse warning sound of trucks.
Twenty noise events were randomly selected per day, totaling 240 truck
traffic events and 240 reversing truck sound events. For the less frequent
noises, such as explosions, horns, and sirens, all events heard during two
days were selected. These noise events were described using Raven Pro
1.5 by measuring their minimum, maximum and peak frequency, and
duration.

Along with noise, variables including species richness, species com-
position and abundance could have influenced the acoustic dynamics of
the two sites. To account for such differences between the sites close
and far from the mine, species richness was calculated for each site
using the aural identification of animals' sounds using Raven Pro 1.5
software. A single day of recording per session was randomly selected
at four locations (two in the close and two in the far site) for species
identification surveys. Sounds emitted by amphibians, birds, mammals,
and insects were identified by specialists in the two-minute files
between 0500 to 0700 h, 1000 to 1200 h, and from 1800 to 2200 h, to-
taling 528 analyzed minutes. The above time slots were chosen so that
the following were included: the dawn and dusk choruses of birds and
themidday andnight activity of insects. It was not possible to determine
species abundance aurally owing to the huge number of calls recorded.
Insect sounds and bat social calls were classified as soundmorphs (dif-
ferent sound emissions or codas). This procedure was essential in
order to identify potential species because the biodiversity in the Atlan-
tic forest is so high that it is impossible to identify every species by aural
census; additionally, there is a chance that some species recorded are
not yet taxonomically classified.

From the recordings, the bandwidth, minimum and maximum fre-
quencies of bird vocalizations and insect stridulations (most representa-
tive groups) thatwere identified only at one of the two sites (close or far
from the mine) were extracted to compare the acoustic niche occupa-
tion of the singing community between the two sites.

2.3. Statistical analysis

Data analyseswere separated intowet and dry seasons, and into day
(5 am to 5 pm) and night (6 pm to 4 am) periods. Two analyses were
conducted considering the time of day: (1) comparison of ACI
day × ACI night in each site separately; and (2) comparison between
sites of ACI day and ACI night. Preliminary analyses demonstrated that
sample points on the border (closer to the roads), at both sites, were
noisier than the other points; consequently, data analyses also included
the groups: border and forest points.

All the statistical tests were performed using Statistica v.8.0. A non-
parametric approach was employed because the variables were not nor-
mally distributed, even after attempted transformation of the data values.
Mann–Whitney U tests were performed to test for differences in ACI and
noise values between the following parameters: sites (close and far from
the mine), seasons (wet and dry), and time period (day and night).

3. Results

3.1. Mining noise characterization

Sites close to and far from the mine differed significantly in terms of
background noise. The site close to the mine exhibited levels 1–22



Table 1
Meannoise-levelmeasurements at sites close to and far fromanopen-castmine at Peti en-
vironmental station, Minas Gerais, Brazil.

Site Leq dB(Z) Leq max dB(Z) Leq min dB(Z)

Close (border) 62.3 67.9 56.8
Close (forest) 58.4 61.4 54.6
Far (border) 54.2 59.7 48.5
Far (forest) 53.7 60.2 45.2
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dB(Z) higher in comparison with the site far from the mine. The mean
Leq, Leqmax and Leqmin of each type of soundscape are presented in
Table 1. Noise levels in 1/3 octave bands are shown in Table 1 of the Sup-
plementary Materials. The noise measured using the power spectral
density confirmed the results of the noise-level measurements. These
demonstrated that the noise was significantly higher at the site close
to the mine both in the border and in the interior of the forest (Border:
U=118, Z=20.70, p b 0.01, Nclose=288, Nfar=288; Forest: U=3556,
Z = 28.4, p b 0.01, Nclose = 552, Nfar = 575).

The five major mining noise sources identified at the site close to
themine were trucks passing, reversing alarm of trucks, work sirens,
horns, and explosions (Fig. 2). The most frequent noise was truck
transiting. A mean of 700 ± 43.8 (mean ± SD) trucks passed daily
(29.91 ± 1.82 trucks/h) during the wet season and 244.6 ± 57
(10.91 ± 2.37 trucks/h) in the dry season. The descriptive statistics
of the acoustic parameters of each noise event type are presented
in Table 2.

Considering that amean of 700 trucks passed per day in thewet sea-
son,with ameanduration of 20.2 s, thismeans that 16.2% of timeduring
the daywas occupied by truck transiting noise. Themeanmaximum fre-
quency of this type of noise event was 15.2 kHz, meaning that the noise
occupied 68% of the full spectrogram bandwidth (22.05 kHz).
3.2. Soundscape dynamics

3.2.1. Wet versus dry season
The ACI was significantly higher during the wet season than in the

dry season at both sites. The noise exhibited a similar trend except for
the interior of the forest at the site close the mine (Table 3).
3.2.2. Day versus night
In the wet season, at the site far from the mine, the ACI values were

significantly higher during the night. By contrast, there was no differ-
ence between the ACI values of day and night at the site close to the
mine. Noise values were significantly higher during the night at the
site close to themine. In the dry season, the ACI values were significant-
ly higher during the night at both sites, except on the border points at
the site close to the mine. At the site close to the mine, noise values
were also significantly higher during the night, but only for the forest
points (Table 3).
3.2.3. Close versus far site
In the wet season, during the night the ACI was significantly higher

at the site far from theminewhile it was found to be significantly higher
during the day at the site close to themine. During the dry season, there
was no significant difference in the ACI values at night between the two
sites, while during the day, the ACI values were significantly higher at
the close site, except at the border points (Table 3; Figs. 3 and 4).
Fig. 2. Spectrograms of the noise produced by: A– transit of trucks, B — explosions, C —
work sirens, D — horns, E — reversing alarms of trucks on a mining road at Peti environ-
mental station, Southeast Brazil. In the background of the spectrograms there is also
biophony.



Table 2
Acoustic variables ofmost frequent noise sources frommining activity at Peti environmen-
tal station, Minas Gerais, Brazil.

Noise source Duration (s)
mean ± SD

Peak freq.(Hz)
mean ± SD

Max freq.(Hz)
mean ± SD

Min freq.(Hz)
mean ± SD

Truck
N = 240

20.2 ± 8.9 553.9 ± 38.6 15,291.0 ± 43.8 0.0 ± 0.0

Reversing
N = 240

10.56 ± 2.54 1314.6 ± 91.4 1373.9 ± 90.6 1255.1 ± 91.4

Siren
N = 75

17.9 ± 4.6 1229.4 ± 136.1 1393.6 ± 101.4 872.3 ± 144.9

Horn
N = 19

6.7 ± 14.5 1219.0 ± 98.5 4747.0 ± 55.4 781.0 ± 75.9

Explosion
N = 19

5.9 ± 3.2 197.2 ± 117.8 4353.0 ± 206.0 90.4 ± 30.7
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3.3. Characterization of fauna

Species richness results from the aural survey are shown in Table 4
(see also Table S2 in supplementary materials for a complete check
list of the species). A total of 91 bird species (16 were classified as
“not identified” owing to the short duration of the song or long distance
from the microphone, which prevented identification), 84 different
soundmorphs of insects, 9 soundmorphs of bats, 3 species of frogs and
2 species of primateswere identified. At both sites, the insect communi-
ty was particularly acoustically active during the night, although cicadas
were highly active during the day (observed following an aural check).
Table 3
Mann–Whitney U tests performed to test for differences in ACI and noise values between:
seasons (wet vs dry); time period (day vs night); and sites (close to vs far from themine).
Statistics on noise values refer to the site close to the mine.

U Z p Nwet Ndry Higher value

Wet vs dry season
ACI close border 4824 7.84 b0.01 144 144 Wet
ACI close forest 20,759 8.04 b0.01 264 264 Wet
ACI far border 5915 6.3 b0.01 144 144 Wet
ACI far forest 23,689 7.65 b0.01 288 264 Wet
Noise border 6531 5.42 b0.01 144 144 Wet
Noise forest 37,359 −0.35 0.72 288 264 –

U Z p Nday Nnight Higher value

Day vs night — Wet season
ACI close border 2481 0.37 0.7 78 66 –
ACI close forest 8498 −0.24 0.8 143 121 –
ACI far border 1220 5.42 b0.01 78 66 Night
ACI far forest 3386 8.51 b0.01 146 121 Night
Noise border 1884 2.76 b0.01 78 66 Night
Noise forest 7304 4.24 b0.01 156 132 Night

Day vs night — Dry season
ACI close border 2279 1.18 0.23 78 66 –
ACI close forest 5595 4.94 b0.01 143 121 Night
ACI far border 1987 2.35 b0.01 78 66 Night
ACI far forest 6840 4.9 b0.01 156 132 Night
Noise border 2276 1.19 0.23 78 66 –
Noise forest 6764 3.05 b0.01 143 121 Night

U Z p Nclose Nfar Higher value

Close vs far sites from the mine — Wet season
ACI border night 1510 −3.04 b0.01 66 66 Far
ACI forest night 5145 −3.99 b0.01 121 121 Far
ACI border day 2032 3.57 b0.01 78 78 Close
ACI forest day 6191 5.76 b0.01 143 143 Close

Close vs far sites from the mine — Dry season
ACI border night 2070 −0.49 0.62 66 66 –
ACI forest night 7156 −1.42 0.15 121 132 –
ACI border day 2633 −1.44 0.14 78 78 –
ACI forest day 8989 −2.89 b0.01 143 156 Close

The significant results are bolded.
The bird community demonstrated greater acoustic activity during the
day, mainly during the dawn chorus, with few species singing during
the night. Primates were especially vocal early in the morning. Insect
specieswere estimated to be higher in thewet season and, in particular,
during the night. Bat calls were detected only at night. The richness of
species was found to be higher: (1) during the wet season on both
sites; (2) during the day in both seasons and sites; and (3) on the site
far from the mine, especially during the wet season.

Insect species that were detected only at the site far from the mine
presented stridulations with significantly larger bandwidth, and higher
maximum andminimum frequencies than species that occurred only at
the site close to the mine. The opposite occurred with bird species. Spe-
cies recorded close to the mine presented significantly larger band-
width, and higher maximum and minimum frequencies than species
recorded at the site far from the mine (Table 5).

4. Discussion

Large-scale human activities can have a considerable impact on the
daily ecological functions within a community (Francis et al., 2011); in
particular, on acoustic communication processes (Rabin et al., 2003;
Slabbekoorn and Ripmeester, 2008). Noise is one of the most common
threats to environments around the world owing to its, well-
established, negative impact on fauna (Brown et al., 2013; Pieretti and
Farina, 2013). Although mining is an important economic activity in
many parts of the world, its subtle effects on animal ecosystems are
still poorly understood. The approach taken in this study of investigat-
ing acoustic dynamics has recently been considered as a proxy for biodi-
versity measurement (Krause, 1987; Sueur et al., 2008) and can also
provide additional information related to species' adaptation and reac-
tions to changes in the environment (Farina et al., 2011).

4.1. Mining noise

The results of this study demonstrated that there was a conspicuous
difference between the sites close to and far from the mine in terms of
noise levels. Considering that the mining activity has been ongoing in
the study area for decades, changes in the behavior of the animal com-
munity could be interpreted as long-term responses to the impact of
mining. Noise sources in our study area were diverse, continuous and
occupied a wide frequency bandwidth, potentially masking many ani-
mal sounds and affecting their behavior and distribution. As a confirma-
tion of this hypothesis, some birds with low frequency vocalizations
were only recorded far from the mine, such as Patagioenas plumbea,
Leptotila sp., Leptotila verreauxi, and Ramphastos toco (see Table S2 in
Supplementary Materials). During the wet season, almost 70% of the
frequency bandwidth (0–22 kHz) was completely occupied by the
truck-transit noise for 16% of the day time, interfering with the acoustic
space used by the animal community.

4.2. Soundscape dynamics

4.2.1. Wet versus dry season
As expected, the acoustic complexity registered during the wet sea-

son was much higher than in the dry season at both sites. The wet sea-
son in Brazil coincides with breeding season of insects, amphibians and
birds; consequently, animals are more acoustically active (Aichinger,
1987; Haddad et al., 1992; Rodrigues et al., 2005). This result was con-
firmed by the species count, with a greater number of species from all
of the animal groups being detected during the wet season.

4.2.2. Day versus night
During thewet season, the site close to themine lost the diel pattern

of having significantly higher acoustic activity at night that was found at
the site far from themine (Table 3), presenting a tendency of a compar-
atively higher acoustic complexity during the day and lower acoustic



Fig. 3. Temporal distribution of theACI values at border (A) and forest (B) points at sites close to and far fromanopen-castmine during thewet season at Peti Environmental Station, Brazil.
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complexity throughout the night (Fig. 3). Here, two possible explana-
tions for this phenomenon are hypothesized: (1) noise levels are higher
during the nighttime and, consequently, the acoustic community
established in the site close to the mine can be more acoustically active
during the day, when there is more available acoustic space and less
competition with anthropogenic noise; (2) there is a similar number
of species singing during day and night at the site close to the mine,
and a great difference in species richness at the site far from the mine.
The second explanation was proven false by the aural identification,
with a higher number of species detected during the day at both sites
(67 versus 41 at the site close to mine; 71 versus 49 at the site far
from the mine). Nevertheless, the ACI was higher during the night at
the site far from the mine. Greater acoustic activity during the night
was expected at both sites because the majority of biophony was pro-
duced by insects. This animal group is mostly active during the night
and produces long modulated songs often with high amplitude,
resulting in high ACI values (Farina et al., 2011). During the dry season,
both noise and ACI were always found to be higher at night, even if the
border points of the site close to the mine did not produce results that
were statistically significant. It is likely that the reduced number of
truck transits and noise levels recorded in this season exerted less influ-
ence on the animal community. Nevertheless, a slight tendency of
changing the daily patterns appeared to be present, even considering
the low acoustic activity during this season (Fig. 4).

4.2.3. Close versus far site
In the wet season, the higher ACI values at night at the site far from

the mine in comparison with the values from the same period at the
site close to themine,may be a direct effect of a higher number of species
vocalizing, especially insects. Noise has already been proven to affect spe-
cies diversity and the population density of birds in areas close tomining
activity (Saha and Padhy, 2011). The results of this study demonstrate
that the number of species detected was lower at the site close to the
mine and that the species composition was different between the two
sites. Many studies concerning the effects of road noise on animals have
revealed that there is a strongnegative relationship between traffic inten-
sity and species richness, with changes occurring in composition and
Fig. 4. Temporal distribution of theACI values at border (A) and forest (B) points at sites close to
density of individuals (Forman et al., 2002; Rheindt, 2003). Bayne et al.
(2008) recorded that, near noiseless energy facilities, passerine density
was 1.5 times higher than in areas near noise-producing energy sites.

Other factors than noise can contribute to a low species richness,
abundance and diversity in noisy environments; for example, quality
of habitat, vegetation characteristics, air and chemical pollution, and
soil vibration among others (Summers et al., 2011). Nevertheless,
owing to the importance of acoustic communication, which animals
use to locate food (Elowson et al., 1991; Slabbekoorn and Ripmeester,
2008) and reproductive partners (Patricelli et al., 2002), to escape
frompredators (Greig-Smith, 1980; Chan et al., 2010), and to defend re-
sources (Zuberbuehler et al., 1997), just to name somemajor functions,
it is expected that noise will affect species richness, abundance and
community composition (Tucker et al., 2014).

Higher acoustic activity at the site close to the mine during the day
could also be explained by anthropogenic noise. During the day, the
number of species recorded was higher at the site far from the mine. A
higher ACI value was also expected as well; however, the opposite
was observed. It is suggested that this result might be related to com-
pensatory mechanisms of individuals trying to propagate their signals
with greater emphasis (higher amplitude or repetition of the strophes
or syllables) in order to override the masking effect of anthropogenic
noise. The number of individuals singing might have an effect on ACI
values but unfortunately, species abundance was impossible to assess.
Other studies have found similar results in different environments.
Pieretti and Farina (2013) found that both ACI values resulting from
birds and noise were significantly higher with greater proximity to a
road, indicating a more active singing community where noise is more
intense. The animal community in an urban forest in Brazil also present-
ed higher activity at noisy sites (Santos, 2013). Birds and mammals can
present a behavior known as the Lombard effect, in which animals in-
crease the amplitude of their calls in the presence of high levels of com-
peting environmental noise (Cynx et al., 1998; Brumm et al., 2004;
Brumm and Slater, 2006). Additionally, many species are capable of in-
creasing the rate and duration of their vocalizations to ensure the effi-
ciency of their communication (Brumm et al., 2004; Sun and Narins,
2005). Greater amplitudes result in more defined and less degraded
and far from anopen-castmineduring the dry season at Peti Environmental Station, Brazil.



Table 4
Potential number of species at close and far sites from an open-cast mine at the Peti Environmental Station, Brazil by season (wet versus dry) and time of day (day versus night).

Taxonomic group Close Far Species in common Species detected
only in close

Species detected
only in far

Wet Dry Wet Dry

Day Night Total Day Night Total Day Night Total Day Night Total

Insects 25 36 49 15 23 33 26 42 54 12 27 36 43 16 25
Amphibians – 1 1 – – – – 2 2 – 1 1 1 – 1
Birds 40 – 40 34 – 34 43 – 43 34 1 35 25 32 34
Bats – 4 4 – 7 7 – 5 5 – 2 2 6 2 1
Primates 2 – 2 2 – 2 2 – 2 2 – 2 2 – –
Total 67 41 96 51 30 76 71 49 106 48 31 76 77 50 62
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recorded signals, leading the ACI to perceive greater variations of inten-
sities. Higher emission rates and longer call duration could all lead to an
increase in ACI values and would explain the results encountered.

Another alternative or complementary explanation for a higher
acoustic complexity could be linked to the acoustic properties of the
sounds emitted by the species detected in just one of the two sites,
which could comparatively tend toward behavior to sing more or
have amore complex song (such as longer strophes or greater heteroge-
neity of the song). This would result in higher ACI values being found.
4.2.4. Characterization of fauna
The acoustic measurements of the insect stridulations and bird vo-

calizations revealed other possible effects of anthropogenic noise on an-
imal communication. The greater bandwidth of the insect stridulations
at the site far from the mine could be interpreted as a natural pattern
that evolved in the absence of anthropogenic noise. By contrast, the
noise present at the site close to the mine could be selecting for species
with narrowband stridulations, since a considerable part of the local
acoustic space is occupied by anthropogenic noise. Species that produce
sounds occupying less acoustic space can better cope with the competi-
tion from noise given that the probability of overlap would be reduced,
especially if the spectral occupancy pattern of these animals' sounds
overlaps with less intense bands of noise.

The bird vocalization analysis produced different results. Species pro-
ducing sounds with larger bandwidths were recorded at the site close to
the mine. This probably arises owing to the different features of bird
acoustic emissions, which tend to be consistently shorter and less repet-
itive in time than insects stridulations. Consequently, in the case of birds'
vocalizations, it is likely that a smaller bandwidth can suffer more the
noise masking effects. Additionally, bird calls at the site close to the
mine presented highermaximum andminimum frequencies in compar-
ison with species from the site far from the mine. Consequently, it could
be speculated that the pervasive noise at the site close to the mine could
be selecting species that vocalize at higher frequencies and are less
masked by the noise. This can be confirmed by the absence of species
that vocalize at very low frequencies in that site. Rheindt (2003) has pre-
viously demonstrated that there is a significant relationship between the
dominant frequency of bird vocalizations and a decline in abundance to-
ward amotorway, indicating that having a higher pitched song, with fre-
quencies above those of traffic noise, makes birds less susceptive to
Table 5
Spectral characteristics of insect stridulations and bird calls in the sites close to and far to the m

Animal
group

Site Bandwidth (Hz)
(mean ± SD)

U Z p Maximum frequenc
(mean ± SD)

Insect Far 3233 ± 517 3391.5 −3.88 b0.01 8560 ± 615
Insect Close 1777 ± 378 6117 ± 360
Bird Far 2088 ± 212 11,723 2.16 b0.05 3425 ± 249
Bird Close 2189 ± 164 5832 ± 243
anthropogenic noise. Hence, the results in this study support the hypoth-
esis that noise can affect the animal community by changing singing
dynamics.
4.3. Considerations about the methodology

Although several automated indexes have been proposed for sound-
scape and biodiversity analyses, the application of a single index can
hardly account for all the biological components (Sueur et al., 2014).
Therefore, the simultaneous use of acoustic indices could provide addi-
tional insights on biophony reactions to mining noise, and may help to
improve understanding of species reactions. Nevertheless, the separa-
tion of the two different soundscape components (technophony and
biophony) still represents a difficult task because they overlap, particu-
larly in the lower frequency bands. Consequently, when automatic pro-
cessing procedures are applied in noise-polluted environments,
technophony might be read as biophony and vice versa. In this study,
one algorithmwas selected for the processing phase, the Acoustic Com-
plexity Index (ACI), because it has been previously proven to be effec-
tive for filtering out constant sounds (Pieretti et al., 2011) such as
trucks' transits or background buzz frommining activity, while enhanc-
ing the variability of biological sonic productions. Therefore, ACI is
regarded here as a proxy of biophonies that are compared across two
different soundscapes, noisy and natural.

Future research might consider the application of several indices in
recordings characterized by different kinds of noise, in order to analyze
their pros and cons together with the emergent properties of their com-
bineduse. Indeed, studies describing the use of acoustic indices to inves-
tigate animal communities in noise-polluted environments are needed.
Additionally, it is important to note that soundscapemeasurements are,
currently, not able to provide precise and detailed information at a
species-specific level. There is still the need for a comparison with clas-
sical fieldwork data, e.g. species aural census, in order to interpret the
automatic procedure results correctly. When dealing with noise-
polluted habitats, analytic compromises must be defined, such as to
split the analyses into specific frequency bands (for example here
0–1.5 kHz and 1.5–22 kHz). Nevertheless, the exploration of acoustic
communities and soundscapes offers an efficient way to analyze large-
scale phenomena (Sueur et al., 2014). The assessment of acoustic tem-
poral and spectral changes can provide a general overview of circadian
ine at Peti Environmental Station, Brazil.

y U Z p Minimum frequency
(mean ± SD)

U Z p

3893 −2.67 b0.01 5326 ± 262 3877 −2.71 b0.01
4340 ± 213

6039 8.72 0.01 3425 ± 249 11,110 2.87 b0.01
3643 ± 172
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rhythms and dynamics of entire animal communities, representing an
effective tool in identifying significant variations and, eventually, to
help promote conservation and preservation actions.

5. Conclusion

Many studies have demonstrated the negative impact of noise pollu-
tion on animal acoustic communication, aswell as revealing the negative
impact on species diversity, richness and abundance. Nevertheless, stud-
ies into the impact of technophony on the biophony in terrestrial
soundscapes in tropical environments are still lacking. Here, it has been
shown that soundpollution fromopen-castmining activities has a signif-
icant impact on the biophonical soundscape of a neighboring tropical for-
est. Differences found in soundscape complexity were probably related
to lower species richness at the site close to the mine, changes in animal
community composition, spectral characteristics of calls between the
two sites, and possible animal adaptive responses to noise. Given that
open-cast mining is a major global economic activity, which frequently
occurs in natural areas, these results demonstrate the need for its noise
impact to be taken into consideration during the evaluation of conserva-
tion andmanagement strategies of natural areas close tomining activity.
Alongside this, data are provided to highlight the importance of estab-
lishing laws and regulations tomonitor and control noise close to natural
areas.

Role of the funding source

The authors would like to thank CNPq for their continuing support.
RJY and MR were financially supported by CNPq and FAPEMIG (PPM).
MHLD was supported by a FAPEMIG postgraduate scholarship during
this research. This study was funded competitively by FAPEMIG from a
financial donation made by VALE, but VALE did not in any way restrict
our research or contribute to its design, execution or publication.

Acknowledgments

The authors would like to thank all of the staff at the environmental
station of Peti who assisted with our study, especially Leotacílio da
Fonseca. We are also grateful to Marina Scarpelli, Mariane Kaizer and
Renan Duarte for their help during data acquisition and to the engineer,
Krisdany Cavalcante, for the help with the noise-level measurements.
We thank also the anonymous referees for their useful comments and
suggestions on this manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.biocon.2015.08.006.

References

Aichinger, M., 1987. Annual activity patterns of anurans in a seasonal neotropical environ-
ment. Oecologia 71, 583–592.

Aide, T.M., Corrada-Bravo, C., Campos-Cerqueira, M., Milan, C., Vega, G., Alvarez, R., 2013.
Real-time bioacoustics monitoring and automated species identification. Peer J 1
e103.

Barber, J.R., Crooks, K.R., Fristrup, K.M., 2009. The costs of chronic noise exposure for ter-
restrial organisms. Trends Ecol. Evol. 25, 180–189.

Barber, J.R., Burdett, C.L., Reed, S.E., Warner, K.A., Formichella, C., Crooks, K.R., 2011. An-
thropogenic noise exposure in protected natural areas: estimating the scale of eco-
logical consequences. Landsc. Ecol. 26, 1281–1295.

Bayne, E.M., Habib, L., Boutin, S., 2008. Impacts of chronic anthropogenic noise from
energy-sector activity on abundance of songbirds in the boreal forest. Conserv. Biol.
22, 1186–1193.

Bee, M.A., Swanson, E.M., 2007. Auditory masking of anuran advertisement calls by road
traffic noise. Anim. Behav. 74, 1765–1776.

Bertoluci, J., Canelas, M.A.S., Eisemberg, C.C., de Palmuti, C.F.S., Montingelli, G.G., 2009.
Herpetofauna of Estação Ambiental de Peti, an Atlantic Rainforest fragment of
Minas Gerais State, southeastern Brazil. Biota Neotropica 9, 147–155.
Blumstein, D.T., Mennill, D.J., Clemins, P., Girod, L., Yao, K., Patricelli, G., Deppe, J.L.,
Krakauer, A.H., Clark, C., Cortopassi, K.A., Hanser, S.F., McCowan, B., Ali, A.M.,
Kirschel, A.N.G., 2011. Acoustic monitoring in terrestrial environments using mi-
crophone arrays: applications, technological considerations and prospectus.
J. Appl. Ecol. 48, 758–767.

Brown, C.L., Hardy, A.R., Barber, J.R., Fristrup, K.M., Crooks, K.R., Angeloni, L.M., 2012. The
effect of human activities and their associated noise on ungulate behavior. PLoSOne 7.

Brown, C.L., Reed, S.E., Dietz, M.S., Fristrup, K.M., 2013. Detection and classification of
motor vehicle noise in a forested landscape. Environ. Manag. 52, 1262–1270.

Brumm, H., 2004. The impact of environmental noise on song amplitude in a territorial
bird. J. Anim. Ecol. 73, 434.

Brumm, H., Voss, K., Köllmer, I., Todt, D., 2004. Acoustic communication in noise: regula-
tion of call characteristics in a New World monkey. J. Exp. Biol. 207, 443–448.

Brumm, H., Slater, P.J.B., 2006. Animals can vary signal amplitude with receiver distance:
evidence from zebra finch song. Anim. Behav. 72, 699–705.

Brumm, H., Schmidt, R., Schrader, L., 2009. Noise-dependent vocal plasticity in domestic
fowl. Anim. Behav. 78, 741–746.

Catchpole, C.K., Slater, P.J.B., 2008. Bird Song: Biological Themes and Variations. 2nd edi-
tion. Cambridge University Press, Cambridge (335 pp.).

Chan, A.A.Y.-H., Giraldo-Perez, P., Smith, S., Blumstein, D.T., 2010. Anthropogenic noise af-
fects risk assessment and attention: the distracted prey hypothesis. Biol. Lett. 6,
458–461.

Cynx, J., Lewis, R., Tavel, B., Tse, H., 1998. Amplitude regulation of vocalizations in noise by
a songbird, Taeniopygia guttata. Anim. Behav. 56, 107–113.

Donoghue, A.M., 2004. Occupational health hazards in mining: an overview. Occup. Med.
54, 283–289.

Duarte, M.H.L., Vecci, M.A., Hirsch, A., Young, R.J., 2011. Noisy human neighbours affect
where urban monkeys live. Biol. Lett. 7, 840–842.

Elowson, A.M., Tannenbaum, P.L., Snowdon, C.T., 1991. Food associated calls correlate
with food preferences on cotton-top tamarins. Anim. Behav. 42, 931–937.

Faria, C.M., Rodrigues, M., do Amaral, F.Q., Módena, É., Fernandes, A.M., 2006. Aves de um
fragmento de Mata Atlântica no alto Rio Doce, Minas Gerais: colonização e extinção.
Rev. Bras. Zool. 23, 1217–1230.

Farina, A., Pieretti, N., Piccioli, L., 2011. The soundscape methodology for long-term bird
monitoring: a Mediterranean Europe case-study. Ecol. Inform. 6, 354–363.

Farina, A., Lattanzi, E., Piccioli, L., Pieretti, N., 2012. The Soundscapemeter User Manual.
www.disbef.uniurb.it.

Farina, A., Pieretti, N., Morganti, N., 2013. Acoustic patterns of an invasive species: the
Red-billed Leiothrix (Leiothrix lutea Scopoli 1786) in a Mediterranean shrubland. Bio-
acoustics 22, 175–194.

Forman, R.T.T., Reineking, B., Hersperger, A.M., 2002. Road traffic and nearby grassland
bird patterns in a suburbanizing landscape. Environ. Manag. 29, 782–800.

Francis, C.D., Ortega, C.P., Cruz, A., 2011. Noise pollution filters bird communities based on
vocal frequency. PLoS One 6.

Frank, T., Bise, C.J., Michael, K., 2003. A hearing conservation program for coal miners.
Occup. Health Saf. 72, 106–110.

Fuller, R.A., Warren, P.H., Gaston, K.J., 2007. Daytime noise predicts nocturnal singing in
urban robins. Biol. Lett. 3, 368–370.

Greig-Smith, P., 1980. Parental investment in nest defense by Stonechats (Suxicolu
torquata). Anim. Behav. 28, 604–619.

Habib, L., Bayne, E.M., Boutin, S., 2007. Chronic industrial noise affects pairing success and
age structure of ovenbirds Seiurus aurocapilla. J. Appl. Ecol. 44, 176–184.

Haddad, C., Sazima, I., Morellato, L., 1992. Anfíbios anuros da Serra do Japi. História natural
da Serra do Japi: Ecologia e preservação de uma área florestal no sudeste do Brasil
First ed. Dr. Richard Primack, Campinas, São paulo.

Halfwerk, W., Holleman, L.J.M., Lessells, C.K.M., Slabbekoorn, H., 2011. Negative impact of
traffic noise on avian reproductive success: traffic noise and avian reproductive suc-
cess. J. Appl. Ecol. 48, 210–219.

Hessel, P.A., Sluis-Cremer, G.K., 1987. Hearing loss in white South African goldminers. S.
Afr. Med. J. 71, 364–367.

Joo, W., Gage, S.H., Kasten, E.P., 2011. Analysis and interpretation of variability in
soundscapes along an urban–rural gradient. Landsc. Urban Plan. 103, 259–276.

Kasten, E.P., Gage, S.H., Fox, J., Joo, W., 2012. The remote environmental assessment
laboratory's acoustic library: an archive for studying soundscape ecology. Ecol. In-
form. 12, 50–67.

Kight, C.R., Swaddle, J.P., 2011. How and why environmental noise impacts animals: an
integrative, mechanistic review: environmental noise and animals. Ecol. Lett. 14,
1052–1061.

Krause, B., 1987. Bioacoustics, habitat ambience in ecological balance. Whole Earth Rev.
57, 1–6.

Langemann, U., Gauger, B., Klump, G.M., 1998. Auditory sensitivity in the great tit:
perception of signals in the presence and absence of noise. Anim. Behav. 56,
763–769.

Lohr, B., Wright, T.F., Dooling, R.J., 2003. Detection and discrimination of natural calls in
masking noise by birds: estimating the active space of a signal. Anim. Behav. 65,
763–777.

Mellinger, D., Barlow, J., 2003. Future directions for acoustic marine mammal surveys:
stock assessment and habitat use. Noaa oar Special Report, Noaa/pmel Contribution
2557 p. 37.

Mennitt, D.J., Fristrup, K.M., 2012. Obtaining calibrated sound pressure levels from
consumer digital audio recorders. Appl. Acoust. 73, 1138–1145.

Miksis-Olds, J.L., Donaghay, P.L., Miller, J.H., Tyack, P.L., Nystuen, J.A., 2007. Noise level
correlates with manatee use of foraging habitats. J. Acoust. Soc. Am. 121, 3011.

Minuzzi, R.B., Sediyama, G.C., Barbosa, E., Melo Júnior, J., 2007. Climatologia do
comportamento do período chuvoso da região sudeste do Brasil. Rev. Bras. Meteorol.
22, 338–344.

http://dx.doi.org/10.1016/j.biocon.2015.08.006
http://dx.doi.org/10.1016/j.biocon.2015.08.006
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0005
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0005
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9000
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9000
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0010
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0010
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0015
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0015
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0015
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0020
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0020
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0020
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0025
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0025
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0030
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0030
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0035
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0035
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0035
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0040
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0040
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0045
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0045
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0050
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0050
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9005
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9005
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0055
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0055
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0060
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0060
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0335
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0335
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0065
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0065
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0065
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0340
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0340
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0070
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0070
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0075
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0075
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0080
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0080
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0085
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0085
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0085
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0090
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0090
http://www.disbef.uniurb.it
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0100
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0100
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0100
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0105
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0105
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0110
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0110
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0115
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0115
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0120
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0120
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0125
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0125
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9010
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf9010
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0350
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0350
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0350
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0135
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0135
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0135
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0140
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0140
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0145
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0145
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0150
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0150
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0150
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0355
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0355
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0355
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0155
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0155
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0360
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0360
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0360
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0160
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0160
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0160
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0365
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0365
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0365
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0170
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0170
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0175
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0175
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0180
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0180
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0180


631M.H.L. Duarte et al. / Biological Conservation 191 (2015) 623–631
Myers, N., Mittermeier, R.A., Mittermeier, C.G., Fonseca, G.A.B., Kent, J., 2000. Biodiversity
hotspots for conservation priorities. Nature 403, 853–858.

Nemeth, E., Brumm, H., 2009. Blackbirds sing higher-pitched songs in cities: adaptation to
habitat acoustics or side-effect of urbanization? Anim. Behav. 78, 637–641.

Nunes, Y.R.F., Pedralli, G., 1995. Desenvolvimento de metodologia para adensamento e
recomposição da vegetação na EPDA-Peti, MG. BIOS-Cadernos do Departamento de
Ciências Biológicas da PUC-MG 2, pp. 53–61.

Paglia, A.P., Lopes, M.O.G., Perini, F.A., Cunha, H.M., 2005. Mammals of the Estação de
Preservação e Desenvolvimento Ambiental de Peti (EPDA-Peti), São Gonçalo do Rio
Abaixo, Minas Gerais, Brazil. Lundiana 6, 89–96.

Parks, E.S., Clark, C.W., Tyack, P.L., 2007. Short-and long-term changes in right whale call-
ing behavior: the potential effects of noise on acoustic communication. J. Acoust. Soc.
Am. 122, 3725–3731.

Patricelli, G.L., Uy, J.A.C., Walsh, G., Borgia, G., 2002. Male displays adjusted to female's re-
sponse. Nature 415, 279–280.

Pieretti, N., Farina, A., 2013. Application of a recently introduced index for acoustic com-
plexity to an avian soundscape with traffic noise. J. Acoust. Soc. Am. 134, 891.

Pieretti, N., Farina, A., Morri, D., 2011. A new methodology to infer the singing activity of
an avian community: the Acoustic Complexity Index (ACI). Ecol. Indic. 11, 868–873.

Proppe, D.S., Sturdy, C.B., St. Clair, C.C., 2013. Anthropogenic noise decreases urban songbird
diversity and may contribute to homogenization. Glob. Chang. Biol. 19, 1075–1084.

Queiroz, A.C.M., 2013. Formigas como indicadoras de impacto e reabilitação em áreas de
mineração (Master dissertation) Universidade Federal de Lavras.

Rabin, L.A., McCowan, B., Hooper, S.L., Owings, D.H., 2003. Anthropogenic noise and its ef-
fect on animal communication: an interface between comparative psychology and
conservation biology. Int. J. Comp. Psychol. 16, 172–192.

Rheindt, F.E., 2003. The impact of roads on birds: does song frequency play a role in de-
termining susceptibility to noise pollution? J. Ornithol. 144, 295–306.

Roberto, J.B., 2010. Influência dos diversos tipos litológicosnas operações de concentração
dainstalação de beneficiamento de Brucutu (Master dissertation) Universidade Fed-
eral de Minas Gerais.

Rodrigues, M., Carrara, L.A., Faria, L.P., Gomes, H.B., 2005. The birds of Parque Nacional da
Serra do Cipó: the Rio Cipó valley, Minas Gerais, Brazil. Rev. Bras. Zool. 22, 326–338.

Rossing, T.D., 2007. Springer Handbook of Acoustics. Springer, New York, NY.
Saha, D.C., Padhy, P.K., 2011. Effect of air and noise pollution on species diversity and pop-

ulation density of forest birds at Lalpahari, West Bengal, India. Sci. Total Environ. 409,
5328–5336.

Santos, S.G., 2013. The sound of the suburbs: Investigações sobre a biofonia e a
antropofonia em uma mata urbana. Pontificia Universidade Católica de Minas Gerais.

Schaub, A., Ostwald, J., Siemers, B.M., 2008. Foraging bats avoid noise. J. Exp. Biol. 211,
3174–3180.
Schroeder, J., Nakagawa, S., Cleasby, I.R., Burke, T., 2012. Passerine birds breeding under
chronic noise experience reduced fitness. PLoS One 7.

Scott Brandes, T., 2008. Automated sound recording and analysis techniques for bird sur-
veys and conservation. Bird Conserv. Int. 18.

Sjölander, K., Beskow, J., 2000. Wavesurfer—An Open Source Speech Tool.
Interspeechpp. 464–467.

Slabbekoorn, H., Peet, M., 2003. Birds sing at a higher pitch in urban noise. Nature 424,
267.

Slabbekoorn, H., Ripmeester, E.A., 2008. Birdsong and anthropogenic noise: implications
and applications for conservation. Mol. Ecol. 17, 72–83.

Smith, A.C., Virgl, J.A., Panayi, D., Armstrong, A.R., 2005. Effects of a diamond mine on
Tundra-breeding birds. Arctic 58, 295–304.

Sousa-Lima, R., Clark, C., 2008. Modeling the effect of boat traffic on the fluctuation of
humpback whale singing activity in the Abrolhos National Park, Brazil. Can. Acoust.
36, 174–181.

Sousa-Lima, R.S., Clark, C.W., 2009. Whale sound recording technology as a tool for
assessing the effects of boat noise in a Brazilian marine park. Park. Sci. 26, 59.

Sueur, J., Pavoine, S., Hamerlynck, O., Duvail, S., 2008. Rapid acoustic survey for biodiver-
sity appraisal. PLoS One 3.

Sueur, J., Farina, A., Gasc, A., Pieretti, N., Pavoine, S., 2014. Acoustic indices for biodiversity
assessment and landscape investigation. Acta Acustica U. Acustica 100, 772–781.

Summers, P.D., Cunnington, G.M., Fahrig, L., 2011. Are the negative effects of roads on
breeding birds caused by traffic noise? J. Appl. Ecol. 48, 1527–1534.

Sun, J.W.C., Narins, P.M., 2005. Anthropogenic sounds differentially affect amphibian call
rate. Biol. Conserv. 121, 419–427.

Swaddle, J.P., Page, L.C., 2007. High levels of environmental noise erode pair preferences
in zebra finches: implications for noise pollution. Anim. Behav. 74, 363–368.

Towsey, M., Zhang, L., Cottman-Fields, M., Wimmer, J., Zhang, J., Roe, P., 2014. Visualiza-
tion of long-duration acoustic recordings of the environment. Procedia Comput. Sci.
29, 703–712.

Tucker, D., Gage, S.H., Williamson, I., Fuller, S., 2014. Linking ecological condition and the
soundscape in fragmented Australian forests. Landsc. Ecol. 29, 745–758.

Villanueva-Rivera, L.J., Pijanowski, B.C., 2015. Package ‘soundecology’. http://cran.r-project.
org/web/packages/soundecology/soundecology.pdf.

Warren, P.S., Katti, M., Ermann, M., Brazel, 2006. Urban bioacoustics: it's not just noise.
Anim. Behav. 71, 491–502.

Zuberbuehler, K., Noe, R., Seyfarth, R.M., 1997. Diana monkey long-distance calls: mes-
sages for conspecifics and predators. Anim. Behav. 53, 589–604.

http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0185
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0185
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0190
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0190
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0370
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0370
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0370
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0195
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0195
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0195
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0375
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0375
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0375
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0200
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0200
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0380
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0380
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0205
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0205
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0210
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0210
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0215
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0215
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0220
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0220
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0220
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0225
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0225
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0230
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0230
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0230
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0235
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0235
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0240
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0245
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0245
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0245
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0250
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0250
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0255
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0255
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0260
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0260
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0385
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0385
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0390
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0390
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0270
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0270
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0275
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0275
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0280
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0280
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0285
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0285
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0285
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0290
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0290
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0295
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0295
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0300
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0300
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0310
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0310
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0305
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0305
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0395
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0395
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0400
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0400
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0400
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0315
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0315
http://cran.r-project.org/web/packages/soundecology/soundecology.pdf
http://cran.r-project.org/web/packages/soundecology/soundecology.pdf
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0325
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0325
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0330
http://refhub.elsevier.com/S0006-3207(15)30051-3/rf0330

	The impact of noise from open-�cast mining on Atlantic forest biophony
	1. Introduction
	2. Methodology
	2.1. Study area
	2.2. Acoustic recordings and data analysis
	2.3. Statistical analysis

	3. Results
	3.1. Mining noise characterization
	3.2. Soundscape dynamics
	3.2.1. Wet versus dry season
	3.2.2. Day versus night
	3.2.3. Close versus far site

	3.3. Characterization of fauna

	4. Discussion
	4.1. Mining noise
	4.2. Soundscape dynamics
	4.2.1. Wet versus dry season
	4.2.2. Day versus night
	4.2.3. Close versus far site
	4.2.4. Characterization of fauna

	4.3. Considerations about the methodology

	5. Conclusion
	Role of the funding source
	Acknowledgments
	Appendix A. Supplementary data
	References


