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Abstract

Among different approaches to exploring and describing the ecological compleriyunél environments, soundscape analyses have recel
provided useful proxies for understanding and interpreting dynamic patterns and processes in a landscape. Neverthedasdy thie
soundscapes remains a new field with no internationally acceptetbpols. This work provides the first guidelines for monitoring soundsca
in three different tropical areas, specifically located in the Atlantic Forest, Rupestrian éiettithe Cerrad¢Brazil) Each area was investigate
using three autonomous devices recorg for six entire days during a period of 15 days in both the wet and dry seasons. The recording
processed via a specific acoustic index and successively subsampled in different ways to determine the degree of infosshattoen

reducing the numbr of minutes of recording used in the analyses. We describe for the first time the temporal and spectral soundscape 1
of three tropical environments. We test diverse programming routines to describe the costs and the benefits of differelmgedegigns,

considering the pressing issue of storing and analyzing extensive data sets generated by passive acoustic monitorieds Sekedtlihg one
minute of every five) appeared to retain most of the information contained in the continuous recorfdargsll the study areas. Less dens
recording schedules produced a similar level of information only in specific portions of the day. Substantial samplimdsBotbcas those
presented here will be useful to researchers and wildlife managers, asvilieseduce time and resourceconsuming analyses, whilst sti
achieving reliable results.

Keywords environmental monitoring, animal conservation, tropical environments, soundscape ecology, sampling protocols

Resumo

Entre as diferentes abordagens para explorar e descrever a complexidade ecoldgica de ambientes naturais, a analisemdaqEsegéem

fornecido recentemente ferramentas Uteis para o entendimento e interpretagcdo da dinamica de padrdes e processapdsagem. Apesal
disso, o estudo de paisagens acusticas € uma nova linha de pesquisa que ainda ndo possui protocolos e métricas naeitaglntente.

Este estudo tem como objetivo fornecer as primeiras diretrizes para monitorar paisagens adgisticés diferentes areas tropicais localizad
especificamente na Mata Atlantica, no Campo Rupestngo Cerrado. Cada area foi investigada usando trés equipamentos autdni
gravando por 6 dias inteiros durante um periodo de 15 dias nas estacdesciroasa. As gravagdes resultantes foram processadas utilize
um indice acustico especifico e foram sucessivamente subamostradas para determinar o grau de informacéo perdido quathola r¢
numero de minutos de gravagdes usadas nas analises. Nos\dEvo®pela primeira vez, as medidas temporais e espectrais de trés ambi
tropicais e testamos rotinas de programacéo diversas para descrever os custos e beneficios de diferentes desenhos denam
considerando questbes de armazenamento e anatlsebancos de dados extensos gerados por monitoramento acustico passiy
programacéo 5 (gravacdo de um minuto a cada 5 minutos) manteve o maior numero de informagdes contidas nos registrosacorttidass
as areas de estudo. Programacgdes de gravagdmmimtensas produziram um nivel similar de informacéo apenas em porcdes especifi
dia. Protocolos de amostragens tais como os apresentados aqui sao Uteis para pesquisadores e gestores de meio ambientpeielas/
podem reduzir tempo e recursoser consumido durante andlise de dados e ainda fornecer resultados confiaveis.

Palavraschave: monitoramento ambiental, conservacdo animal, ambientes tropicais, ecologia de paisagens acusticas, protoc
amostragem.
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Introduction

Nowadays, pssive acoustic monitorind® AM)is consideredto be an invaluable tool for bothresearchand
managementPAM collectacoustic data over large spatial and temporal scales and stitailed long-
term information on animaldistribution and variationsin community dynamicsThis wide-scale data
collection inevitably leads tanimalpopulations being betteundersbod and managd more effectively[1].
However to avoidtime- and resourceconsuming analysescoustic surveysieed general guidelinego
ensure efficiehsamplingwith experiencebasedprotocols.

Animalsproduce sounds for diverse biological functions (e.g. communication, mating, building territories,
foraging [2, 3], whichcan serve as proxider estimaing species fithess anéhdividual behavigrespecially

in environments that are difficult to access or monitor using conventional methdsg. In the early 1990s,
idiosyncrasies in the study of marine mammal behavior led researchers to develop autonomous acoustic
devicesfor detectingsounds underwatef6]. Subsequentlyacoustic recordings of the natural environment
becamegraduallyan important techniquefor monitoring all ecosystemsPassive acoustic monitoring has

only recently been proposedor terrestrial environments[7], and the study of the soundscape (the
aggregation of sounds from physical, biological and humade surces | £ a 2 1 ysBuhdbcagea W
ecology® hasrapidly gainedattention as a potential tool to evaluatboth ecosystem healtij8] and the

effects ofchanges in land use and climaévarious temporal and spatial scal@g11].

Advances in technologover the last decad&ave revolutionizedthe potential ofacoustic surveydgrixed
programmable acoustic recording sensors sample continuouslfor 24 hours a dajor prolonged periods
of time, allowingfor the non-invasiveassessment of changes time distribution and acousc behavior of
entire animal communitiethroughouta variety of habitats simultaneousiMoreover, d of the recordings
can be permanently stored and serve as an everlasting memory dfaiéat sounds[1, 5, 12]

Thistemporal and spatialide-scale application cfoundscapecologyinevitablyproducesan overwhelming
amountof information, with associatedlifficultiesin data management and analy$is3]. Problems include
an evergrowing requirementfor storage spacend the need fortime-consuming processing, expensive
power supplysystems, and field personnéb periodicallydownload data and reinstall the equipment.
Gommon standards and baselinkata collectiormodelscould be useful to limit unnecessary recordings and
trips to the field while ensuring targeted data are collected.
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Selecting specific portions of active recorditignes (ON)and leaving the deviceoff for the rest of the time
(OFPF)is essential to conseing basic resources and staffe, especially when constrained by limited
funding. On the other hand, reducing ON peridaisreaseghe probability of losing important information
and may result in a distorted description of the target communiithentifying the appropriate sampling
period for a study $ therefore essential for using soundscape surveyappropriately and a good
understanding ofhe daily and frequency patterns of threcordedcommunity isrequired

Severabcousticsurveyshave beerconductedn recent yearso investigateanimalcommunitydynamicsand
structure[14, 15] species richness and distributi¢1b¢18], relationships withvegetational parameterfl9,
20], and human ornoise impact[21¢23]. However, explicit evaluations of the survey effoeguired to
characterizeghe acousticdynamics ofiifferent landscapesare generally lacking. Knowledge about temporal
variatiors in such acoustic dynamicsould improse the design of futuresoundscapestudies making
soundscapeecologymore efficient and applicablefor different categories of userGcademics and other
stakeholders)

Our goal was to describe the type and extent of soundscape information lost with different recording
schedules in areas located in three tropical ecoregidtkantic Forest, Rupestrian fields anthe Cerrado)

These environmentswere choserbecausethey are priorityconservationareas threatened environments
andcontainbiodiversity hospotswith highendemism[24¢26]. Additionally, studies d tropical soundscapes

are limited[18].

On the basis obur results, we triecboth to identify a costeffective scheme for surveying such areaslto
suggest the minimum samplireffort required tocharacterie the soundscape featureg his waschieved
by identifying when the recording schedule loss acoustic informationthat is essential for correctly
describing the dynamics of the sound activityttidt communityand its circadian rhythms.

Methods

Study area
The study wasconductedin three threatenedenvironments in Minas Geraim the southeasternregion of
Brazil: Atlantidorest, Rupestrian ferruginous fieldsd Cerradsensustricto (Fig. 1).

Atlantic Forest¢ Environmental station of Petic TheAtlanticForest is a world biodiversity hotspot with high
species richness and high levels of endemisitiich are threatened byhe rapid lossof native landcover

[25]. We collectd data in this biome at thenvironmental station of Peti in the municipalities of S&o Gongalo
doRE ! ©6FAE2 FYR {Iyil 3HNDBKNGQ 20 MdsagioInmeinand NattgdeR n
in sizeand is located in the upper Rio DoBasin (altitude range 630-806m). The areaharbors29 anuran
speciegq27], 231bird specieq28] and 46mammalspecieg29]. A large partof the reserve is covered by
secondary arboreal vegetatiowith large trees and aontinuous canopy30].

Rupestrian fieldsg State Park of Rola Moca The ecosystems found in ferruginous outcrops known as
Rupestrian ferruginosi field€or €ang&are among the last studiedand most endangeredreasof Brazil
due to restrictedgeographicalistribution andthe presence othe O 2 dzy” inAl@®ir@rioredeposits[26].
Rupestrian fieldfiavea relativelycontinuous herbaceus stratumof sclerophyllougplants which aresmall
evergreen shrubsocated between rocky outcropshat occurat altitudes between 800 and 2000m. This
ecosystem isighlydiversified with more than 4000 plant species alorte Espinhagco Rangandhasone

of the highest levedof endemism in BraziB1]. We colleotd data inthe Rupestrian field at the StatePark
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of Rola Mocawhich islocated in the northwest of®uadrilatero Ferrifer@20°03'60"S,44°02'00"W) atan
altitude ofapproximately 450m.

The Cerradassensu strictog¢ National Park of Serra do CipéThe Cerrado is a biodiversity hotspot and a

highly threatened environmen{25]. The Cerrad@ensustricto (intended as a suoategory ofthe Cerrado

sensu latdhat includes a variety gfhysiognomiekis characterized by the presence of small trees with thick

and twisted trunks and branches, while grasses characterize the undef8&JryWe collected data in an

isolated area of the Cerradsensu strictoat the core of the national park of Serra do Cipd, which is
approximately 34,000 hectares in size and is sédaatMm pc MH QM P QQ{ | ysRareaipovides Qn o Q
habitat for226bird species[33] and 26 mediurdarge mammaan specieq34].

Fig. 1. Location mag
of the study areas:
Atlantic Forest (AF),
Rupestrian fields
(RF), and Cerrado
sensu strictq CE).
Thephotographs
% s £88 represent the

Minas Gerais : o b typical

v ‘ i surroundings of the
three habitats
where the acoustic
measurements
were taken.

Acoustic recordings and data analyses

The dimate of southeastern Brazdanbe divided into two macreclimatic seasons hotwet season, running
from October to March, and coolerdry season from April to Septemb@5]. The soundscape dffie three
study areasvascollected byrecordingfor sixnon-consecutivedaysduringa period of 15 dayduring the dry
seasonCerrado 9-23 September 201 Rupestrian fields17-30 April 213; AtlanticForest 4-19 June 2013)
and wet season Cerrado 1530 March 2013;Rupestrian fields6-21 October 2012Atlantic Forest 17
Octoberl November 2012). In each sampling area, three SongMeter Digital Field Recorders (SM2) (Wildlife
Acoustics, Inc., Massachusetigre setto record from @:00 to 23:5%h continuously Accordinglyeacharea
was recorded for 432 houf@4h* sixdays* three recorderg eachseasonmaking2,592 hours in totalWe
considered)6:00 and 18:000 bethe approximateimesof dawn and dusk, whichariedslightly among the
different months.One of the three recorderstopped recorehg after three daysduring the wet seasom
the Rupestrian fields, whilanother recorder in the Atlantic Forest stopped working afteh bh the last
recording day during the dry season.
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The recordersvere placed at a distance of appimately 300n from each other to avoidlouble sampling
the same sounds artd ensurethat each recordewas an independent sampler per arésle mounted each
recorderon a treeat approximately Bm from the ground,and ensuredhat nearby vegetation wouldot
interfere with recordingsThe SM2&recordedat asampling rateof 44,100Hzset at16 bits

The Kaleidoscope converter utility (Wildlife Acoustics, Inc., Massachusedts)usedo split the collected
data into files of one minutén length which were further processed via the Wavesurfer softwai@s]
poweredby the SoundscapeMeter pltig [37]. One minute resolutiorwas chosensince most of the recent
literature usedthis time lapse for sound assessmefi8, 19, 38, 39]to allow compaisonswith previous
research.

Among the variet ofthe availableacoustic indices to direlstsummarize the information in a recordinige(
[16, 17, 22, 38, 4] the Acoustic Complexity IndefACI)[11, 41 wasselectedfor this study since itis an
algorithm designed to measure the spectral complexity of soundscaggshwas recently used to track the
dynamics of animal acoustic communitid®] or for comparisorwith vegetational parametergl9]. In the
recent studyof Towsey et al[38], the AClwas found to be one dhe best indicatos of the biodiversity of a
bird community among a list of 14 different acoustic indjecggh weaknesses due to theensitivityto wind
gusts.

To analyze theollectedacoustic data, &ast Fourier Transform (FFF)512 points waspplied obtaining
from every recorded minute a matrix made Bg6 frequencybins of 86.13Hz an8,167 temporalintervals
of 0.012sThis matrix was used to calculate the Acoustic Complexity Imddxthe followingformula:

B SO O s

B O
where |l-lk+1] is the absolute difference between two adjacent values of amplitude along a frequenay bin,
represents the total number of temporal stegg €ontained in everinterval of time in which the calculation
is made (in this study, 1sJhe sum of the regits for all of the frequency bins and temporal intervalthisn
calculated.To avoidbias due tdbackgroundambientnoisethat isinevitablypresent in every recordin@ven
if soft), we set ana priorifilter onthe power spectral densitfSoundscapeMetesettings Noise filter =3000
> %Hz) operating on all the frequency biiss 42 GKIF G GKS '/ L RARYQQG F LILIX
threshold This filterwas appositely verifietbr the type of recoding usedn order to filteronly backgound
noise but notbiophonies andto increase the signal to noise ratio

060

Fve different recording schedulasere then chosen to be simulatedi) SShedule 5:recording one minute
everyfive minutes (ii) Schedule 10:.0ne minuteevery 10 minutes; (i) Shedule 20:.0ne minuteevery 20
minutes;(iv) Shedule 30pne minuteevery30 minutes;and(v) Shedule 60pne minuteevery60 minutes.

Theseschedulesvere obtainedby selecting the corresponding minutekeach simulated configuraticinom
the continuous recordingthus simulatinga recording routinewhereby the recorder was not running
continuously but intermittently, at respectively one minute every fivié0, 20, 30and60 minutes.A mean of
the ACI values wathen calculated foreachrecording hourfor both the continuous recordings anthe
simulated samplinglin order tocompare the differenscheduleswith the original and completesampling
These comparisons wemdnductedfor both the temporal and spectral dimensions.
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Rain and wind were found to be recognizable in abnormal ACI rg45it88] especiallyat lower frequencies
Consequently, Wwen the ACI valuesdtilighteddiscrepancies with the normal acoustic behavior of the local
community, the sound files were aurally checked to verify if the anomaly was due toatgpiealbiophory

or anthrophony (such as insect buzzes on the microphone or transits of airplanes}ter influence of
stormy weather This allowedis to generate table of theadverseweather conditions during the recording
days whichwasfiltered from the analysem slected statistical tests.

Satistics

All of the statistical tests were performed using Statistica v\/8.used anon-parametric approach, since

the variablesdid not presenta normal distribution pattern, even after transformatiari the data values.
Non-parametric correlation analgsa 6 { LIS NXY I y Q&  NEoadhctedtd imvestigatentied & S|
relationship between theontinuousdataset and the simulated recording schedules.

To quantify the relative nortonformity of the sampling schedules witie real distribution ofthe ACllevels
along the different hours of the day and the different frequency bins, the percent deviiphwas
calculatedusing thefollowing formula:

(1) % deviation = (@ual valueg expected value)/expected valuel®O

in which thetlctual valu€@vasthe ACI valuealculated fora simulated configuratiorfexpressed as an hourly
mean) and the WxpectedvalueQis the ACI resultinfrom the continuous recordingsSubsequently the
percent deviation was grouped by temporal slots (hours of the day) and frequency binswitdeizo
determine specificallyhere results from the simulated schedules differed from thaxfethe continuous
dataset.

For boththe correlation and percent deviatiotests, only frequenciesabove500Hzwere processedsince
under that thresholdthe ACI couldhot well filter the background noisdrom the environment which if
included couldhaveaffectedthe final resultsBecause it was windy all year roundtlae Rupestrian fields
the cutoff frequency for the temporal analyses waSQDHz to avoithe eventualinclusion okoftwind noise.

Becauseainandwind produce soundandaddcomplexity to soundscape analysege decided to treat the
temporal and the frequency analyses differently in order to address the consequences of adverse weather
and focuson the acoustic behavior dfie animal communityThe entire dataset was used for the temporal
analyses in order to include realistic limitations caused by weather conditimghe other hand,he hours
affected byrain and strongvind were left out of the data set when considegithe differencesn the spectral
distribution of sounds (the frequency footprinsensu[41], enablingus to reliably track the acoustic
community dynamics and identify which frequenciesre most affected wherhe samplingvas less interes

Results

The singingommunity

TheACI valuesariedgreatlyfrom the wet to the dry season in atlur study areaswith a pronounced change
betweendaytime and nighttime recording&igures2, 3 and4 show, respectively the seasonalfemporal,
and spectralacoustic complexity variationsf the investigatedenvironmentsbased on the complete data
set. Asummaryof their main soundscape feature@sesulting from the Adt set outin Table 1.

Table 1. Summary of the principal soundscape featureseftiree environments.
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Wet season Dry season
(peaks of activity) (peaks of activity) Higher acoustic
(kHz) (hours) (kHz) (hours) activity
Atlantic forest 4-6 kHz 18:0001:00 1kHz, 4 kH 18:0019:00 Wet season

1516 kHz 07:0008:00 1516 kHz

Rupestrian fields 3-5 kHz 19:0020:00 2-4 kHz 12:0016:00 Wet season
9-13 kHz 5-7 kHz

Cerrado 5-6 kHz 18:00:03:00 3 kHz 07:0018:00 Wet season
10-17 kHz 12:00 5-6 kHz
15:0017:00 10-14 kHz

Theacoustic complexitgf Peti @Atlantic Forest) was especiallpronouncedduring the wet seasarwith two
peaks atapproximately4d-6kHz and %-16kHz The ACWwasespeciallyhighfrom 18:00 to 0100, mainlydue
to insects and batgaural check, NR personalobservatior). An additional peak was observed 07:00,
probably due tdbird choruseghat graduallydiminishedoverthe course of the day. In the dsgason]ower
ACI levelsccurredwith peaksduring dusk around 1800, andat 1, 4 and 15-16kHz.

The soundscape recordedtime Rupestrian fieldof Rola Mocgaresented the lower values of A@lith high
variations overthe course of the day and more constdevelsduring the hours of darknesadain an aural
checkshowedthat this was dueto insect activity. The wet seasorhad a slightlyhigheracousticcomplexity
than the dry season(Fig. 2) Srong windswere presentduringthe entire recording periodbut by filtering
out the windy hours fom the dataset, it waspossible to registenarrow peaks fron3 to 5kHzandfrom 9to
13kHzn the wet season, which switched inp@aks fron2 to 4kHzand 5to 7kHz in the dry season.

The sampledareasin Cip (the Cerradohad thehighest ACI valuesspeciallyin the wet seasonlin the wet
season, most of the acoustic complexity was registered above 10kHz, with a narrow peak from 5 to 6kHz; the
ACI presented high values preferentially during the night hours (18:00 to 081aBg dry seasora higher
acoustic complagy was registerediuringdaylight hours (7:00 to 1800), mostly betweerthe 10 and #kHz
frequency band. Others peaksfoAClwere found from 3 to6kHz.

Satistical analyses of the sampling schemes

Allof the correlatiorsbetweenthe ACI values frorthe schedul& and continuous recordings were significant
and positive(Appendix 1 An expected inverse relationship between tim&Fand the value of the
correlation wadound forboth the frequeng and time analyseslhe orrelation coefficiens were very high
(r>0.90, p<0.0) for the more intensesamplingperiod &hedules 5 and 10 and fell with increasingOFF
minutes, especiallyfor Schedule 60 The Rupestrian fielccorrelationsgenerallyhad the lowestvalues.The
frequency orrelationswere alwaysfound to behigherthan the temporal correlations.
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Fig. 2. BoxWhisker plot of the

hourly means of the ACI
values in the three
environments.
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Atlantic forest ~ Rupestrian f. Cerrado

The percentdeviatiors were low forthe intense sampling schedules and tended to increase vérgarging

the OFF perio@Appendix 2. As forthe correlations, the temporal analyses tendeddiverge awayrom the
continuous recordingmore strongly than thespectralanalysesAppendix 2. Whencategorized by hour of
the day orlkHzfrequencybands interesting trends on the possible major losses of information of the
subsampled recording schedulescame clearly visibi@ppendix 3 and ¥ In particular Shedule 5 assumed
values that deviatethy amaximum of 10%Schedule 60 registeredlsstantial deviation®f 90% and 80%t
specific hours of the dayCerrado, wet and dry seasgnrespectively, and deviations over 30% the
frequeng analyses (Rupestrian fieldad Cerradpwet season).

In the wet seasonboth the Atlantic Forestandthe Rupestrian fieldsseened to experiencea greaterloss of
information during daylight hours whilein the dry seasorthe deviationswere more evenly distributedin

the Cerradgwe foundpeaksin the deviationsat 17-18:00(both seasons) andl:00(wet season)The highest
frequeng bandsregisterednull deviations inthe Atlantic Forest (dry season) and Rupestrian fields (wet
season)Inthe Cerradaduring thedry seasopnlow variatiorswerefound in the frequencies arountil-13kHz
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Fig. 3. Temporal trends of the acoustic complexity recorded in the three environments. Each graph represents the mee
pattern resulting from sampling on six days at three recording points. The dark Istemv the ACI trends when not deleting
the files with adverse weather conditions; this highlights discrepancies in the hours of the day in which rain and wind
mainly occurred. The grey highlight shows the period of the day comprised between the approxitiraes of dawn and
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Fig. 4. Frequency distribution of the ACI in the thremvironments The dark lines show the ACI trends when not deleting thi
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Discussion

Soundscape studiesan beparticularlyuseful for exploring fragile and endangered ecosysténas need
special attentionfor their conservation[18]. Our results from simulating recording schedules provided
information useful for suggesting the first guidelines ®wundscape studiesn three tropical areas
considered as threatenednvironments These suggestions are based upon ouverall description of the
main dynamics recorded in the threstudy areas,evaluation of the differentsamplingschedulesas
representative of the real acoustic dynamiesmd the percentage of information lésvhen reducingthe
recordingtime.

Soundscape characterization

Temporal and spectral characteristics of the soundscape for each study area were unique and largely specific
to the climate seasonGenerallywe found a comparatively higher ACI in the wet seasehich in Brazil
coincideswith the breedingseasorfor most specie$33, 43, 44] when anurans, birds, and insegduce
soundsto achieve mating succes&cousticcomplexitydifferences were clearly noticeable from the diverse
trend across the temporal domain (Fig. 3), and dslineating haliat- and seasosspecific frequency
footprints (Fig. 4)9ensu41]) depending on the singing behavior of the emitters acting in each semn
environment Evidence of habitat type acoustic sighatures was also fautemperate environments four

forest and two grassland habitat types in Northern Grejgés.

The lower acoustic complexity thfe Rupestrian fields probably related to thie high altitude which directly
influencedfloristic structure and compositioffewer trees, open agas andtrong windg). Thisleads to lower
speciediversity angdconsequently, loweacousticdiversity(Figure 2)

CGeneral considerations on the different sampling schedules

All study areas were characterized bglling Spearman Rankorrelation coefficients withincreasing GF
minutes showingthat there was a gradual loss of correspondence with thegeahdscapeThismeansthat
in theseenvironmentsit is difficult toprovidea perfect picture of thecousticdynamics of thecommunity
if the sampling becomewo sparse It is therefore likelyhat there will be a loss dafportant datathat could
be essentiafor conservéion issues.

Thisdecreasing trends shownby both temporalandspectralcorrelations, even if theorrelationcoefficients
are alwaysvery highin the latter. We hypothesize that thigs probablybecausehe frequency bins have a
lower degree ofreedomthan the temporal analyses, sint®e spectral emissionsere strictly linked tothe
acoustical organs of indigeus species Accordingly animalscannot vary thespectralpropertiesof their
emissions, whicloverthe entire day ardikelyto be registered by less intense samplibgt they canvary
the moment and the length ad singingperiod. In ather words, the presentedemporal analyses depend on
what was singingcrossall of the spectrum at a certain temporal interval, whilee frequency analyses
depend on what was singing in the 24 hours of one day in a fixed frequencyTienttequency footprint is
thus less variable than the temporal treadrosgime.

The Rupestrianfields were the most critical environment, sincéhe lowering of the sampled files
correspondedo very lowcorrelationswith the continuous recordingslhe main reason probablgthe lower
acousticactivity in the area(Fig. 2) which hasa higher risk of not being recordeahd therefore needs a
greatersampling efforto be captured and measured.
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The gercent deviation analyses provideame detailedevidenceabout the loss of acoustic information. In
general, lower percenemporaldeviatiors were foundvhere the sound emissiongere more constant and
prolonged in timesuch as during the niglm the wet seasorin the Atlantic Forestand Rupestrian fieldsAt
thesetimes, insects are the nmia protagonists of theacousticperformancesandtend to producea longer
sonic performance than other taxa (mammals, bird®)ismakesthem more easily dete@blein all of the
samplingschedules thus minimizing thepercent deviationsin contrast, during the day, birds alssang
abundantly, butvere less constanin their acoustic emissiorend more variable over timthanthe insects
meaning thatthey may or may not be detected by less intense sampliiis suggds the need formore
cautionary samplinguring specific hours of the day aradess intenseffort at other times, when agreater
constancy of soundsccurs

The percenspectraldeviation was found to bat aminimum where the frequency bins weumoccupied(or
rarely occupiedby some specigessuch as irthe Atlantic Forest (dry season) an®Rupestrian fieldgwet
season). The narrow pealdsibleon the lower frequencies aleferredto insects most likelycrickets,while
cicadas presemetd a broacer frequency bandin the Cerrado(dry season)he reduction invariation from 10
to 15kHz iselatedto the continuousand abundant sound emissions of cicadas.

Which sampling routine is better?
The choice of the type of sampling will always depend oridbes of the investigatiorOurresultsmayhelp
researchers to opt for the best sampling protoactordingo their principal goals.

Our findings show that there are preferential recording schedules for each of the three investigated
ecosytems. When the mean soundscape of the commupitgr the sixrecording days shosva high and
continuous presence of soundspiaybe preferable to uséess denseecording schedules, since the acoustic
information is going to be captured anyway and Wdlrepresentative of the community. On the other hand,
when the acoustic emissions are occasional or intermittent and impossible to predict, the sampling should
be more intense to ensure a reliable representation of the soundscape.

Schedule Seenedto most reliablydepictthe soundscape captured by continuous readings in all of our
study areasThis schedulavhich is the most conservativesults inan 80% storage space and battery power
reductioncomparedto the continuous samplingchedule 18eens often to represent a good compromjse
which will correspondto a 90% reductiorfrom the continuous sampling, ani a 50%reduction of the
energy and storage space occupiedSmhedule 5.

Therefore, to creataan effectivereproduction ofthe soundscapest could bepossible todesignrobust
samplingfor the Atlantic Forestrom 04:00 to 17:0Q such asS<hedule5 for the wet seasonwhile a less
densesampling routine coulte used fronil8:00to 03:00without amajor loss of informatioiSchedule ®).
In thedry season, it could benoughto record one minutén every 10Q or evenevery 20 althoughthis risks
losng some sounds afkHzand around 08:00

For theRupestrian fieldsn the wet season,a schedulesimilar tothat for the Atlantic Forest wet season
should be applieghe exceptionbeingthe early morning hourgrhenit isnecessary to recordne minutein

every20. In thedry seasonSchedule 10 should be adoptedhich would bea good compromise both the

temporal andspectraldomairs.
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Inthe Cerradqg scheduls5 or 10 willprovidereliableinsightsinto the acoustic diversity of the community,
both forthe dry and wet seas@ Shedules60 and 3Ghould be avoidedespecially when recordirat 18:00
(dusk)

Additional insights

Soundscapénformation cansometimesbe misleading and interpreted incorrectiWhere the weather
intervenessignificantlyin the soundscape of the environment, aghie Rupestrian fieldsr the Cerrado(wet
season) sounds produced byhe rain and wind mask and interrupt the soundscape of the community,
meaning thatweather condition is amadditional variable to take into accountith all of its unpredictability.
Moreover, Towsey et al38] found that ACI was responsite wind gustsand that it was notaccurately
representingthe biological community in adverse meteorological conditidDertainly, beforeconducting
brief acoustic surveysvhichrely onrecording foronly afew days, it is advisable to select the days timaty

be less demanding from this point of vielNevertheless, in the case @ingterm investigations (as in the
case of fixed statiorf¥letection of acoustic dynamics) precautionaryscheduleshould be adoptedin the
AtlanticForestin both the dry and wet seasons, we found a lower degree of bias due to sounds from adverse
weather conditions.Moderate or strongwind was notnoticed in this location and the rain was easily
detectable because afs natural broadband and dominance siga@rossthe spectrogramin contrast the
Rupestrian fields were always very windy, consequemdying aninfluence onthe distribution of sounds
throughtime.

Despite this limitation in the present methodology and the relatively small number of studied days per
season, we believe that our results can provide useful insights in how to approach the problem of choosing
the correct sampling of the sods of an ecosystem. Moreover, we trust that the three recording points
randomly chosen in each area were so spaced to be independent amgpresentthe variability of those
selected environments.

Neverthelesswe emphasizethat it is not possible t@apply the results of this studyo all locations in all
weatherconditions Soundscape dynamics vary enormously faom ecosystem to another, and they even

tend to differ between two recording points with the same macroscopic vegetation features on thebase

the therein established animal community. Thus, the analyses here proposed can be representative of just
the three localities taken under investigation and cannetessarily bappliedto all ecosystems.

Clearly more work could be done with other astic indices besides the ACI. Adding further elaborations
including a number of other indicesould certainly improve our results and add morénformation to
enhanceunderstanding of the impact of a particular samplstgategy Thiscouldleadto establishment of

an internationaly accepted sampling methodology.

As a final consideratigrin the present study we tested different sampling schedules keeping the ON duration
fixed to one minute, and varying the OFF period from four to 59 minutesoutdralsobe interesting to test
whether the one minute resolution is the besetting for soundscape investigatignsr whether a
shorter/longer recording interval could be mocesteffective

Implications for conservation

Soundprovideavaluablejndirectsource of informatiorwith whichto surveyanimaldynamics and diversity
in particular regions of intere$8, 7] The assessment of acoustic temporal apéctralchanges offers a new
way to interpret the dynamics of animal communities and understand satigporal variations in
community structureacross space and tin{8, 11, 22] Given theurgencyof climate change and the loss of
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