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Abstract

Bioacoustical data are useful for studying amphibians, especially their conservation, taxonomy, and evolu-
tion, among others. Of the 12 species of the Boana polyraenia clade, only B. buriti and B. latistriata have
no published information about their advertisement calls. We recorded four males of B. latistriata in its
type locality at Parque Nacional do Itatiaia, south-eastern Brazil. We used a Roland R26 digital recorder
with a Sennheiser ME-67 microphone and analysed the recordings using the Raven Pro 1.5 software. We
recorded two different types of calls (call A and call B). Both were composed of one pulsed note and pre-
sented a slightly ascending-descending frequency modulation. Call A was more frequent, having durations
between 0.042 and 0.093 s with the dominant frequency ranging from 3375.0 to 3937.5 Hz, and was
composed of 11 to 21 pulses separated by intervals that were not fully silent. Call B had durations between
0.711 and 1.610 s, with dominant frequency from 3281.2 to 3750.0 Hz, and was composed of 11 to 29
pulses separated by fully silent intervals. Among the B. polytaenia clade, the calls of B. latistriata are more
similar to those of B. bandeirantes, B. beckeri, B. polytaenia, and B. aff. beckeri. The calls of B. latistriata
differ from these species in its lower dominant frequency. Boana latistriata present a short, single-note call
with a lower pulse period (call A) and a long call with higher pulse period (call B), which differ from the
other species of the clade. The coeflicients of variation for the various bioacoustical attributes were calcu-
lated within- and between-males and these have been discussed. We also report a fight event between two
males of B. latistriata. This is the first report of a fight in members of the B. polytaenia clade.
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Introduction

Vocalization plays an essential role during the reproductive period of anurans, be-
ing species-specific and constituting a pre-zygotic mechanism of reproductive isolation
(Duellman and Trueb 1994, Wells 2007). This makes bioacoustical data useful for
studying topics such as conservation (Laiolo 2010, Forti et al. 2017), taxonomy (Hepp
and Carvalho-e-Silva 2011, Carvalho and Giaretta 2013, Rivadeneira et al. 2018),
social interaction (Giasson and Haddad 2006), and evolution (Robillard et al. 2006,
Goicoechea et al. 2010). Amongst the different anuran call types, advertisement calls
have the highest value in taxonomy (Kéhler et al. 2017). Despite being the most stud-
ied call type, there is a need for further documentation (Toledo et al. 2014, Guerra et
al. 2018a) and understanding of the importance of advertisement call variation both
within- and between-individuals (Gerhardt 1991, Kohler et al. 2017).

The Boana polytaenia clade is composed of 12 species of tree frogs with a striped
dorsal pattern (Caramaschi and Cruz 2013): B. bandeirantes (Caramaschi & Cruz,
2013); B. beckeri (Caramaschi & Cruz, 2004); B. botumirim (Caramaschi, Cruz &
Nascimento, 2009); B. buriti (Caramaschi & Cruz, 1999); B. cipoensis (Lutz, 1968);
B. goiana (Lutz, 1968); B. jaguariaivensis (Caramaschi, Cruz & Segalla, 2010); B. latis-
triata (Caramaschi & Cruz, 2004); B. leptolineata (Braun & Braun, 1977); B. phaco-
pleura (Caramaschi & Cruz, 2000); B. polytaenia (Cope, 1870); and B. stenocephala
(Caramaschi & Cruz, 1999). Of these, there is a lack of information on the advertise-
ment calls of B. buriti and B. latistriata alone, while the information for B. cipoensis
and B. leptolineata is very limited (Kwet 2001, Batista et al. 2015).

Boana latistriata was described from Brejo da Lapa, an artificial pond in the Parque
Nacional do Itatiaia (PNI), Itamonte Municipality, State of Minas Gerais, Brazil (Cara-
maschi and Cruz 2004). The type series of this species also includes five individuals from
Marmel6polis, in the same state, which is the only record of the species outside the PNI.
It is the largest species of the B. polytaenia clade, with the males measuring 34.9-40.6
mm and females 40.9-51.6 mm (Caramaschi and Cruz 2004). Tadpoles of this species
have been described by Orrico et al. (2007). Toledo and Haddad (2009) have reported
the distress call of one female of this species. The lack of information about B. latistriata
led IUCN to list it as being “Data Deficient” (Stuart 2018), thus supporting the need to
study this species. In this paper, we describe the advertisement call of B. latistriata from
its type locality and report an event of a combat between males of this species.

Material and methods

Recordings were made at Brejo da Lapa (22.3589°S, 44.7372°W, 2140 m altitude) on
12 November 2014, from 20:30 to 23:00. Vocalizations from four males were recorded
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with a Roland R26 digital recorder and a Sennheiser ME-67 shotgun microphone posi-
tioned between 20 and 50 cm from the calling males. After the calls were recorded, the
specimens were collected, anesthetised and euthanized with 5% lidocaine, fixed in 10%
formaldehyde, and subsequently preserved in 70% ethanol. These have been deposited in
the amphibian collection of the Departamento de Zoologia, Instituto de Biologia, Uni-
versidade Federal do Rio de Janeiro (ZUFR]), with collection numbers 15073, 15074,
15076, and 15077. Recordings were deposited at Fonoteca Neotropical Jacques Vielliard
(ENJV; hteps://www2.ib.unicamp.br/fnjv/) with the respective numbers 40238, 40239,
40240 and 40241. All procedures were conducted under licence No. 40371 issued by
the Instituto Chico Mendes de Conservacgio da Biodiversidade — ICMBio.

Recordings were made using 24 bits of resolution and 48 kHz sampling rate. Sound
analyses were performed using the Raven Pro 1.5 software (Bioacoustics Research Pro-
gram 2014) using window type = Hann, size = 256 samples, and overlap = 99%. Meas-
urements and terminology follow Kéhler et al. (2017). Terminology used to describe
calls of the species belonging to the B. polytaenia clade (calls, notes and pulses) is highly
variable (for example, see Acioli and Toledo 2008, Pinheiro et al. 2012, Martins et al.
2016). To keep nomenclature stability, we opted to follow the most recent papers on
this topic (e.g. Martins et al. 2016, Guerra et al. 2017) and adopted a call centred ap-
proach (Kohler et al. 2017).

The following parameters were measured or calculated: call duration (CD), pulse
duration (PD), pulse period (PP), interval between “call A” and “call B” (ABI), call
dominant frequency (DF), call fundamental frequency (FF; measured through the “Peak
Frequency” function of Raven Pro), number of visible harmonics (NH; integer multiples
of the fundamental frequency), first pulse dominant frequency (FPDF), central pulse
dominant frequency (CPDE measured in the central pulse with higher dominant fre-
quency), last pulse dominant frequency (LPDF), pulse rise time (RT; measured through
the “Max Time” function of Raven Pro), proportion of pulse rise time in relation to
pulse duration (RTR), and pulse number (PN). Measurements are given as a range, fol-
lowed by mean and standard deviation (SD). For DE FPDE CPDE LPDE and PN, the
mode (Mo; the most frequent value among the measurements) is also presented.

To determine the variation in the bioacoustical attributes, we calculated the with-
in-individual coefficient of variation (CV_; Gerhardt 1991) for each parameter of each
male. Between-individual coefficient of variation (CV,) was calculated for each param-
eter by pooling the measurements from all the males. Parameters with a coeflicient of
variation below 5.0% were considered static, whereas those with a coefficient of varia-
tion above 12.0% were considered dynamic (Gerhardt 1991).

Results

Males of B. latistriata called from dusk (about 18:00) to at least 02:00, perched on
shrubs and grass, near or above the water. At the time of the recordings, we visually
counted more than 20 males of B. /atistriata and heard many more at a distance. Dur-
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ing the fieldwork, the weather was rainy, air temperature between 12 and 14 °C, and
humidity above 90%. Other amphibian species recorded at the site were Aplastodiscus
albosignatus (Lutz & Lutz, 1938), Bokermannohyla gouveai (Peixoto & Cruz, 1992),
Rbinella icterica (Spix, 1824), and Scinax duartei (Lutz, 1951).

We recorded two types of calls from the males of B. latistriata, herein called “call A”
and “call B” (Fig. 1). Call A was emitted more frequently (103 of 142 recorded calls in
the complete dataset), and we interpreted it as an advertisement call due to the social
context in which it was emitted (frequently emitted even by isolated males, without
aggressive interactions). Call B was always emitted after call A, with ABI varying from
0.545 to 1.622 s (mean = 0.782 s, SD = 0.231, n = 38 intervals), and possibly had
some degree of territorial function.

Call A was composed of a single, short, pulsed note, with up to seven visible har-
monics and duration from 0.042 to 0.093 s (mean = 0.073 s, SD = 0,012, n = 97 calls;
Fig. 1C, D). On an FFT size of 256 (270 Hz 3 dB filter bandwidth), sidebands are visi-
ble between the harmonics, caused by the pulse rate of the call. The dominant frequency
was equal to the fundamental frequency, varying from 3375.0 to 3937.5 Hz (mean =
3626.3 Hz, SD = 168.2, Mo = 3562.5 Hz, n = 97 calls). Each call was composed of
11 to 21 pulses (mean = 15.5 pulses, SD = 2.4, Mo = 15 pulses, n = 68 calls) separated
by intervals that were not fully silent, resulting in pulse duration equal to pulse period,
which varied from 0.001 to 0.010 s (mean = 0.005 s, SD = 0.001, n = 1049 pulses).
Each pulse had a rise time from 0.001 to 0.005 s (mean = 0.002 s, SD = 0.001, n = 1049
pulses), corresponding to 13.8-89.2% of the pulse duration (mean = 36.2%, SD = 8.7,
n = 1049 pulses). A slightly ascending-descending frequency modulation is visible from
the first to the last pulses, with the first pulse dominant frequency from 3000.0 to
3937.5 Hz (mean = 3547.3 Hz, SD = 190.0, Mo = 3562.5 Hz, n = 68 pulses), central
pulse dominant frequency from 3375.0 to 4031.2 Hz (mean = 3745.9 Hz, SD = 143.5,
Mo = 3843.8 Hz, n = 68 pulses), and last pulse dominant frequency from 3000.0 to
3843.8 Hz (mean = 3438.4 Hz, SD = 218.1, Mo = 3375.0 Hz, n = 68 pulses). In one
individual (ZUFR] 15077), all calls of this type presented some pulses fused in a pul-
satile (Fig. 2), which made it impossible to count pulse number and to measure pulse
parameters properly. Table 1 shows the parameters for each recorded male.

Call B was composed of a single, long, pulsed note, with up to seven visible har-
monics and call duration from 0.711 to 1.610 s (mean = 1.114 s, SD = 0.279, n = 37
calls; Fig. 1E, F). The dominant frequency was equal to the fundamental frequency,
varying from 3281.2 to 3750.0 Hz (mean = 3435.8 Hz, SD = 140.1, Mo = 3468.8
Hz, n = 37 calls). Each call was composed of 11 to 29 pulses (mean = 17.8 pulses,
SD = 4.5, Mo = 17, n = 37 calls) separated by a fully silent interval. Pulse duration
varied from 0.003 to0 0.013 s (mean = 0.008 s, SD = 0.002, n = 682 pulses) and pulse
period varied from 0.009 to 0.196 s (mean = 0.065 s, SD = 0.027, n = 645 periods).
Each pulse had a rise time from 0.001 to 0.004 s (mean = 0.002 s, SD = 0.000, n = 682
pulses), corresponding to 14.2-51.6% of the pulse duration (mean = 26.9, SD = 5.7,
n = 682 pulses). A slightly ascending-descending frequency modulation is visible from
the first to the last pulses, with first pulse dominant frequency from 3000.0 to 3562.5
Hz (mean = 3310.9, SD = 138.0, Mo = 3375.0 Hz, n = 38 pulses), central pulse domi-
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Figure 1. Calls of Boana latistriata from its type locality. A Waveform and B spectrogram showing three
instances of call A and one of call B emitted in sequence € waveform and D spectrogram of a call A, in
detail, indicating seven visible harmonics numbered I to VII E waveform and F spectrogram of a call B,
in detail. Images were obtained using Raven Pro 1.5 software. Spectrograms parameters: window type
= Hann, size = 256 samples, overlap = 99%. Individual ZUFR] 15076 (snout-vent length = 39.3 mm),
recorded at a temperature between 12 and 14 °C.

nant frequency from 3187.5 to 3750.0 Hz (mean = 3473.6 Hz, SD = 178.6, Mo =
3468.8 Hz, n = 38 pulses), and last pulse dominant frequency from 2625.0 to 3656.2
Hz (mean = 3399.7 Hz, SD = 195.8, Mo = 3375.0 Hz, n = 38 pulses). Table 2 shows

the parameters for each recorded male.
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Figure 2. Calls of Boana latistriata from its type locality. Two examples of call A, emitted by the individual
ZUFR] 15077 (snout-vent length = 40.0 mm), showing the last pulses fused in a pulsatile (below the red lines).

In general, spectral parameters were static, while temporal parameters were dy-
namic. The most static parameter was the dominant frequency (mean CV_and CV,
was 2.1% and 4.6% in call A and 1.5% and 4.1% in call B, respectively), while pulse
period of call B was the most dynamic (CV_and CV, was 38.5% and 41.4%, re-
spectively). Some parameters, including first pulse dominant frequency and last pulse
dominant frequency in call A and central pulse dominant frequency and last pulse
dominant frequency in call B, were intermediate in CV,, but static in Cv.. All Cv,
and CV| values are shown in Tables 1 and 2.

A fight event between two males of B. latistriata was witnessed during the record-
ings. A male (M1) was calling from the marginal vegetation, perched at approximately
20 cm from the water surface. A second male (M2) was calling from a floating shrub at
approximately 40 cm from M1. Without any previous alteration on vocalization, M1
jumped over M2 and started the fight, both grasping and kicking. This first round lasted
less than a second and resulted in M2 moving approximately 20 cm away. After a few
seconds, M1 pursued M2, starting a second round of fighting, which lasted about the
same time as the first one. After this, M2 swam to the other side of the pond, where it
started calling a few minutes later. M1 returned to its original calling site and started call-
ing again immediately. M1 was then recorded and collected, and is one of the individuals
included in this study (ZUFR] 15076). Individual M2 was not recorded nor collected.
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Table 1. Call parameters for the call A of each recorded individual of Boana latistriata. Values are given
as range, mean, standard deviation (SD), mode (Mo; when applicable) and sample number (n). Abbrevia-
tions: SVL, snout-vent length; Cv, within-individual coefficient of variation; CVb, between-individual
coefficient of variation; CD, call duration; DF, dominant frequency; FE fundamental frequency; PD,
pulse duration; PP, pulse period; RT, pulse rise time; RTR, proportion of pulse rise time in relation to
pulse duration; FPDE first pulse dominant frequency; CPDE, central pulse dominant frequency; LPDE,
last pulse dominant frequency; PN, pulse number. * All instances of call A of this individual presented

some pulses fused in a pulsatile, which made it impossible to measure pulse parameters properly.

Individuals
Parameters | ZUFR] 15073 SVL | ZUFRJ 15074 SVL | ZUFRJ 15076 SVL = | ZUFR]J 15077 SVL | Mean
(Call A) =35.4 mm =39.2 mm 39.3 mm = 40.0 Cyw C,b
CD (s) 0.066-0.089 0.067-0.078 0.077-0.094 0.042-0.078 7.7% | 16.2%
mean = 0.080 mean = 0.072 mean = 0.084 mean = 0.059
SD =0.006;n=31 | SD=0.003n=15| SD=0.004n=22 | SD=0.008;n=29
V. =7.1% CV, =4.7% CV. =5.2% CV, = 13.6%
PD (s) 0.003-0.011 0.001-0.011 0.001-0.008 * 20.2% | 24.0%
(=PP) mean = 0.006 mean = 0.005 mean = 0.005
SD =0.001; n =434 |SD =0.001; n=215| SD =0.001; n = 406
CV, = 18.5% CV_=223% CV, = 19.9%
PN 11-16 11-17 17-21 * 8.4% | 15.5%
mean = 13.9 mean = 14.3 mean = 18.5
SD=1.1 SD=1.5 SD=1.1
Mo =15; n =31 Mo =15n=15 Mo =18;n=22
CV, =81% CV,=10.8% CV, = 62%
RT (s) 0.001-0.004 0.001-0.005 0.001-0.003 * 25.7% | 25.0%
mean = 0.002 mean = 0.002 mean = 0.002
SD =0.001; n = 434 |SD = 0.000; n = 215| SD = 0.000; n = 406
CV, =23.9% CV, = 24.4% CV, = 28.8%
RTR (%) 13.8-89.2 18.2-64.3 15.4-63.6 * 21.0% | 24.1%
mean = 37.5 mean = 37.4 mean = 34.3
SD=11.5n=434 | SD=5.6;n=215 SD =5.9; n = 406
CV_=30.8% CV_ - 15.1% CV, = 17.1%
DF (Hz) 3656.2-3937.5 3656.2-3843.8 3375.0-3656.2 3375.0-3562.5 2.1% 4.6%
(= FF) mean = 3807.5 mean = 3712.5 mean = 3536.9 mean = 3455.8
SD =928 SD =69.1 SD =719 SD =69.6
Mo = 3750.0; n = 31 Mo = 3656.2; n = 15| Mo = 3562.5;n =22 |Mo = 3468.8; n = 29
CV, =2.5% CV, = 1.9% CV, =2.0% CV, =2.0%
FPDF (Hz) 3375.0-3937.5 3562.5-3750.0 3000.0-3468.8 * 2.9% 5.4%
mean = 3668.3 mean = 3618.7 mean = 3328.1
SD =132.0 SD =69.1 SD =107.3
Mo =3656.2; n =31 |Mo = 3562.5;n=15| Mo =3375.0;n=22
CV, =3.6% CV, = 1.9% CV, = 3.2%
CPDF (Hz) 3656.2-4031.2 3656.2-3843.8 3375.0-3750.0 * 2.1% 3.8%
mean = 3861.9 mean = 3737.5 mean = 3588.1
SD =853 SD =69.7 SD =775
Mo = 3843.8; n =31 |Mo = 3750.0; n = 15| Mo = 3562.5; n =22
CV,=22% CV, - 1.9% CV, =2.2%
LPDF (Hz) 3468.8-3843.8 3375.0-3468.8 3000.0-3468.8 * 2.5% 6.3%
mean = 3634.9 mean = 3393.8 mean = 3191.8
SD =959 SD = 38.8 SD = 124.4
Mo =3656.2; n = 31 |Mo = 3375.0; n = 15| Mo =3187.5; n =22
CV._=2.6% CV_=1.1% CV_=3.9%




90 C. de Luna-Dias & S.P. de Carvalho-e-Silva | ZooKeys 820: 83-94 (2019)

Table 2. Call parameters for the call B of each recorded individual of Boana latistriata. Values are given as
range, mean, standard deviation (SD), mode (Mo; when applicable) and sample number (n). Abbreviations:
SVL, snout-vent length; Cv, within-individual coefficient of variation; CVb, between-individual coefficient
of variation; CD, call duration; DE dominant frequency; FE fundamental frequency; PD, pulse duration; PP,
pulse period; RT, pulse rise time; RTR, proportion of pulse rise time in relation to pulse duration; FPDE, first
pulse dominant frequency; CPDE, central pulse dominant frequency; LPDE last pulse dominant frequency;

PN, pulse number. Mode followed by an

« «

indicates that no value was more frequent than the others.

Individuals
Parameters | ZUFRJ 15073 SVL = | ZUFR] 15074 SVL = | ZUFR] 15076 SVL =| ZUFR] 15077 SVL | Mean
(Call B) 35.4 mm 39.2 mm 39.3 mm =40.0 cv, v,
CD (s) 1.030-1.234 1.301-1.476 1.564-1.610 0.711-0.894 4.5% 25.1%
mean = 1.130 mean = 1.384 mean = 1.577 mean = 0.814
SD =0.073;n=12 SD =0.550;n=8 SD =0.022;n =4 SD =0.048; n = 14
CV, =6.5% CV, =4.0% CV, =1.4% CV, =5.9%
PD (s) 0.003-0.012 0.001-0.010 0.003-0.010 0.004-0.013 16.9% 21.2%
mean = 0.007 mean = 0.008 mean = 0.008 mean = 0.009
SD =0.002;n=214 | SD=0.001;n=170 | SD =0.001;n=106 | SD =0.001; n = 192
CV, = 26.4% CV, - 14.6% CV, = 13.0% CV, = 13.4%
PP (s) 0.009-0.152 0.024-0.166 0.024-0.121 0.026-0.196 38.5% 41.4%
mean = 0.066 mean = 0.068 mean = 0.062 mean = 0.063
SD =0.027;n=203 | SD=0.021;n=162 | SD=0.017;n=102 | SD =0.035;n =178
CV,_=40.7% CV =31.1% CV, =272% CV,_ =54.9%
PN 15-24 20-23 24-29 11-16 9.1% 25.3%
mean = 17.4 mean = 21.3 mean = 26.5 mean = 13.7
SD=23 SD=1.0 SD =24 SD=1.2
Mo=17;n=12 Mo=21;n=8 Mo=-;n=4 Mo =14;n=14
CV,_=13.5% CV,_=4.9% CV,_ =9.0% CV_=88%
RT (s) 0.001-0.003 0.001-0.002 0.001-0.002 0.001-0.004 16.2% 20.0%
mean = 0.002 mean = 0.002 mean = 0.002 mean = 0.002
SD =0.001;n=214 | SD=0.000;n=170 | SD = 0.000; n =106 | SD = 0.000; n = 192
CV_=242% CV_=12.7% CV_=147% CV, =13.1%
RTR (%) 18.8-51.6 14.8-50.0 16.3-50.0 14.2-44.2 16.5% 21.2%
mean = 31.9 mean = 24.7 mean = 25.5 mean = 24.0
SD=5.6;n=214 SD=4.1;n=170 SD = 4.0; n = 106 SD=3.9;n=192
CV, =17.7% CV, =16.6% CV, =15.8% CV, =16.1%
DF (Hz) (= 3281.2-3750.0 3375.0-3468.8 3468.8 3281.2-3375.0 1.5% 4.1%
FF) mean = 3579.5 mean = 3457.1 min = max = mean mean = 3301.3
= Mo
SD =137.9 SD =33.2 SD =0.0 SD =399
Mo = 3656.2;n =12 Mo = 3468.8;n=8 n=4 Mo = 3281.2;n =14
CV, =3.9% CV, = 1.0% CV, = 0.0% CV, = 1.2%
FPDF (Hz) 3187.5-3562.5 3375.0-3468.8 3093.8-3187.5 3000.0-3375.0 2.4% 4.2%
mean = 3414.1 mean = 3386.7 mean = 3140.7 mean = 3227.7
SD =123.0 SD =33.2 SD = 54.1 SD =102.1
Mo =3562.5;n=12 Mo =3375.0;n=8 | Mo=3187.5;n=4 | Mo=3281.2;n= 14
CV, =3.6% CV, = 1.0% CV, = 1.7% CV,_ =3.2%
CPDF (Hz) 3562.5-3750.0 3468.8 3468.8 3187.5-3375.0 0.9% 5.1%
mean = 3703.1 min = max = mean min = max = mean mean = 3293.7
= Mo = Mo
SD =63.2 SD =0.0 SD =0.0 SD = 60.00
Mo =3750.0; n =12 n=28 n=4 Mo =3281.2;n=14
CV_ = 1.7% CV, = 0.0% CV, - 0.0% CV, - 1.8%
LPDF (Hz) 2625.0-3656.2 3281.2-3468.8 2906.2-3468.8 3281.2-3468.8 4.7% 5.8%
mean = 3507.8 mean = 3386.7 mean = 3210.9 mean = 3368.3
SD =283.9 SD =60.1 SD =234.4 SD =57.8
Mo =3562.5;n=12 Mo =3375.0;n=8 Mo=-n=4 Mo = 3375.0;n = 14
CV_=8.1% CV_=1.8% CV_=7.3% CV_ =17%




Calls of Boana latistriata, an endemic tree frog from... 91

Discussion

In this study, we describe two calls of B. latistriata and the coefficient of variation of its pa-
rameters. A fight event between two males is also reported. Although males of the species
of the B. polytaenia clade frequently present dorsum marks that suggest fighting (C. Luna-
Dias pers. comm.), this is the first published record of a fight for the clade. Although
both intraspecific (Giasson and Haddad 2006, Toledo et al. 2007, Nali and Prado 2014)
and interspecific (Reichert and Gerhardt 2014, Guerra et al. 2018b) fighting events are
broadly reported for anurans, the event reported here was short when compared to similar
fights in other species (for example, Nali and Prado 2014, Fernandes et al. 2018).

The calls of B. latistriata are similar to those of other species of the B. polytaenia
clade. By presenting a shorter, single-note call with lower pulse period (call A), and a
longer call with higher pulse period (call B), it resembles the calls from B. bandeirantes,
B. beckeri, B. polytaenia, and B. aff. beckeri (Acioli and Toledo 2008, Pinheiro et al.
2012). In these characteristics, it differs from the described calls of B. botumirim (call
B absent; Caramaschi et al. 2009), B. cipoensis (call A composed of 1-3 notes; Batista et
al. 2015), B. goiana (call A composed of two notes; Menin et al. 2004), B. jaguariaiv-
ensis (call A composed of 1-4 notes; Guerra et al. 2017), B. leptolineata (call B absent;
Kwet 2001), B. phaeopleura (call A composed of 2—5 notes; Pinheiro et al. 2012), and
B. stenocephala (call A composed of 2—4 notes; Martins et al. 2016). The call A of B.
latistriata also differs from some of these species in the pulse number: 11-21 in B.
latistriata (present study), 3-5 in B. botumirim (Caramaschi et al. 2009), 1-5 in B.
Jjaguariaivensis (Guerra et al. 2017), and 2-5 in B. stenocephala (Martins et al. 2016).

The calls of B. latistriata are distinguished from those of the four species whose calls
are most similar to it by the lower dominant frequency of both calls A and B: 3375.0—
3937.5 and 3281.2-3750.0 Hz, respectively, in B. latistriata (present study); 5340.2—
5857.0 and 5340.2-5512.5 Hz, respectively, in B. bandeirantes (Pinheiro et al. 2012);
3938.0-5063.0 and 3938.0—4875.0 Hz, respectively, in B. beckeri (Martins et al. 2016);
6890.0-7320.0 and 6460.0-7320.0 Hz, respectively, in B. aff. beckeri (Acioli and Toledo
2008). These species are also morphologically similar (Caramaschi and Cruz 2013), and
hence, the use of calls for identifying species and clarifying phylogenetic relationships
must be encouraged. Additionally, of all species of the B. polytaenia clade, frequency mod-
ulation was previously reported only for B. goiana (Menin et al. 2004). However, in this
species the frequency ascends from the first to the last pulses, while in B. latistriata the fre-
quency ascends from the first to the central pulses, thereafter decreasing to the last pulses.

Values of CV are linked to issues like recognition (at the species, population, and
individual levels) and female preferences, and comparing those coefficients can be tax-
onomically informative (K6hler et al. 2017). Gerhardt (1991) stated that static CV
parameters may be linked with recognition. All spectral parameters, as well as call
B duration, were static on a within-individual basis. Furthermore, CV, values much
greater than CV_ indicates parameters useful for individual recognition (Gambale et
al. 2014, Forti et al. 2014, Kéhler et al. 2017). Call B duration had CV, 5.6 times
greater than CV_ and is the parameter that best fits this purpose. The finding that
spectral parameters were static and temporal parameters were dynamic is congruent
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with Kéhler et al. (2017) and with the results reported by Guerra et al. (2017) for B.
Jjaguariaivensis. However, call B duration being static at the within-individual level is a
novelty for the B. polytaenia clade. As social context can influence call duration in some
anurans (Gambale and Bastos 2014, Gambale et al. 2014), social interaction experi-
ments involving B. latistriata will be useful to understand this variation.

Despite the similarities between the calls of the species of the B. polytaenia clade,
different terminology used in call descriptions can lead to difficulties in comparing
those descriptions if the terminology is not well explained. For example, structures of
the call B herein defined as “pulses” were called as “notes” by Acioli and Toledo (2008)
and by Pinheiro et al. (2012). In these cases, the terminology is well stated, and can be
comprehended without ambiguity. However, the lack of clear definitions for the calls
of B. cipoensis and B. leptolineata (Kwet 2001; Batista et al. 2015) resulted in few pos-
sible comparisons. The redescription of the calls of these species, as well as the descrip-
tion of the call of B. buriti, will make possible a full comparison of the calls in the B.
polytaenia clade, serving as a powerful tool for the taxonomy of this clade.

Acknowledgments

We thank Dr. Vinicius Guerra and an anonymous reviewer for their suggestions on the
manuscript and Dr. Fabio Hepp for his help with the call structure and sidebands. This
study was partially funded by grants 312606/2017-6 and 311156/2013-4 provided by
Conselho Nacional de Desenvolvimento Cientifico e Tecnolégico (CNPq). CLD re-
ceived a fellowship from Coordenagio de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES/CNPq). ZUFRJ amphibian collection was partially funded by Fundagio de
Amparo a Pesquisa do Estado do Rio de Janeiro (FAPER]), grant E-26/111.638/2012.

References

Acioli ECS, Toledo LF (2008) Amphibia, Anura, Hylidae, Hypsiboas beckeri: filling gap and de-
scription of itsadvertisement call. Check List 4: 182—184. https://doi.org/10.15560/4.2.182

Batista VG, Gambale PG, Lourengo-De-Moraes R, Campos RM, Bastos RP (2015) Vocaliza-
tions of two species of the Hypsiboas pulchellus group (Anura: Hylidae) with comments on
this species group. North-Western Journal of Zoology 11: 253-261. http://biozoojournals.
ro/nwjz/content/v11n2/nwjz_151503_Batista.pdf

Bioacoustics Research Program (2014) Raven Pro: Interactive Sound Analysis Software. Version
L.5. htep://www.birds.cornell.edu/raven

Caramaschi U, Cruz CAG (2004) Duas novas espécies de Hyla do grupo de H. polytaenia Cope,
1870 do sudeste do Brasil (Amphibia, Anura, Hylidae). Arquivos do Museu Nacional 62:
247-254.

Caramaschi U, Cruz CAG, Nascimento LB (2009) A New Species of Hypsiboas of the H.
polytaenius Clade from Southeastern Brazil (Anura: Hylidae). South American Journal of
Herpetology 4: 210-216. https://doi.org/10.2994/057.005.0301


https://doi.org/10.15560/4.2.182
http://biozoojournals.ro/nwjz/content/v11n2/nwjz_151503_Batista.pdf
http://biozoojournals.ro/nwjz/content/v11n2/nwjz_151503_Batista.pdf
http://www.birds.cornell.edu/raven
https://doi.org/10.2994/057.005.0301

Calls of Boana latistriata, an endemic tree frog from... 93

Caramaschi U, Cruz CAG (2013) A new species of the Hypsiboas polytaenius clade from south-
eastern Brazil (Anura: Hylidae). South American Journal of Herpetology 8: 121-126.
hteps://doi.org/10.2994/SAJH-D-13-00009.1

Carvalho TR, Giaretta AA (2013) Bioacoustics reveals two new syntopic species of Adenomera
Steindachner (Anura: Leptodactylidae: Leptodactylinae) in the Cerrado of central Brazil.
Zootaxa 3731: 533-551. https://doi.org/10.11646/z00taxa.3731.4.6

Duellman WE, Trueb L (1994) Biology of Amphibians. The Johns Hopkins University Press,
Baltimore, 670 pp.

Fernandes IYP, Cindido-Junior J, Kaefer IL (2018) Combat behaviour in the glassfrog Vitre-
orana uranoscopa (Miiller, 1924). Herpetology Notes 11: 671-673. https://biotaxa.org/hn/
article/view/39009/34648

Forti LR, Costa WP, Martins LB, Nunes-de-Almeida CHL, Toledo LF (2014) Advertisement
call and genetic structure conservatism: good news for an endangered Neotropical frog.
DPeer] 4: €2014. hetps://doi.org/10.7717/peerj.2014

Forti LR, da Silva TRA, Toledo LF (2017) The acoustic repertoire of the Atlantic Forest Rock-
et Frog and its consequences for taxonomy and conservation (Allobates, Aromobatidae).
ZooKeys 692: 141-153. https://doi.org/10.3897/z00keys.692.12187

Gambale PG, Bastos RP (2014) Vocal repertoire and bioacoustic analyses in Physalaemus cuvieri
(Anura, Leptodactylidae) from southern Brazil. The Herpetological Journal 24: 31-40.

Gambale PG, Signorelli L, Bastos RP (2014) Individual variation in the advertisement calls
of a Neotropical treefrog (Scinax constrictus). Amphibia-Reptilia 3: 271-281. https://doi.
org/10.1163/15685381-00002949

Gerhardt HC (1991) Female mate choice in treefrogs: static and dynamic acoustic criteria.
Animal Behaviour 42: 615-635. https://doi.org/10.1016/5S0003-3472(05)80245-3

Giasson LOM, Haddad CFB (2006) Social interactions in Hypsiboas albomarginatus (Anura:
Hylidae) and the significance of acoustic and visual signals. Journal of Herpetology 40:
171-180. https://doi.org/10.1670/205-05A.1

Goicoechea N, De La Riva I, Padial JM (2010) Recovering phylogenetic signal from
frog mating calls. Zoologica Scripta 39: 141-154. https://doi.org/10.1111/j.1463-
6409.2009.00413.x

Guerra V, Lingnau R, Bastos RP (2017) Vocalizations and Bioacoustic Analysis of Boana jag-
uariaivensis (Caramaschi, Cruz, and Segalla, 2010) (Anura: Hylidae). South American
Journal of Herpetology 12: 34—41. https://doi.org/10.2994/SAJH-D-16-00018.1

Guerra V, Llusia D, Gambale PG, Morais AR, Mdrquez R, Bastos RP (2018a) The advertise-
ment calls of Brazilian anurans: Historical review, current knowledge and future directions.
PloS ONE 13: €0191691. https://doi.org/10.1371/journal.pone.0191691

Guerra V, Costa NQ, Bastos RP (2018b) Interspecific behaviour between two species of Boana
(Anura: Hylidae) from central Brazil. Herpetology Notes 11: 489-493. https://biotaxa.
org/hn/article/view/34737/33663

Hepp ESFS, Carvalho-e-Silva SP (2011) Description and comparison of advertisement calls
of Euparkerella brasiliensis (Parker, 1926) and E. cochranae lzecksohn, 1988 (Amphibia:
Anura: Strabomantidae). Herpetology Notes 4: 45-51.

Kohler ], Jansen M, Rodriguez A, Kok PJR, Toledo LE Emmrich M, Glaw F, Haddad CFB,

Rédel M, Vences M (2017) The use of bioacoustics in anuran taxonomy: theory, terminol-


https://doi.org/10.2994/SAJH-D-13-00009.1
https://doi.org/10.11646/zootaxa.3731.4.6
https://biotaxa.org/hn/article/view/39009/34648
https://biotaxa.org/hn/article/view/39009/34648
https://doi.org/10.7717/peerj.2014
https://doi.org/10.3897/zookeys.692.12187
https://doi.org/10.1163/15685381-00002949
https://doi.org/10.1163/15685381-00002949
https://doi.org/10.1016/S0003-3472(05)80245-3
https://doi.org/10.1670/205-05A.1
https://doi.org/10.1111/j.1463-6409.2009.00413.x
https://doi.org/10.1111/j.1463-6409.2009.00413.x
https://doi.org/10.2994/SAJH-D-16-00018.1
https://doi.org/10.1371/journal.pone.0191691
https://biotaxa.org/hn/article/view/34737/33663
https://biotaxa.org/hn/article/view/34737/33663

94 C. de Luna-Dias & S.P. de Carvalho-e-Silva | ZooKeys 820: 83-94 (2019)

ogy, methods and recommendations for best practice. Zootaxa 4251: 1-124. https://doi.
org/10.11646/zootaxa.4251.1.1

Kwet A (2001) Frésche im brasilianischen Araukarienwald. Anurengemeinschaft des Arauka-
rienwaldes von Rio Grande do Sul: Diversitit, Reproduktion und Ressourcenaufteilung.
Natur und Tier-Verlag, Miinster, 192 pp.

Laiolo P (2010) The emerging significance of bioacoustics in animal species conservation. Bio-
logical Conservation 143: 1635-1645. https://doi.org/10.1016/j.biocon.2010.03.025
Martins LB, Giaretta AA, Carvalho TR, Miwa RY (2016) Vocalizations of Hypsiboas beckeri and
H. stenocephalus (Anura: Hylidae), two species of the H. polytaenius group from southeast-
ern Brazil. Phyllomedusa: Journal of Herpetology 15: 51-64. https://doi.org/10.11606/

issn.2316-9079.v15i1p51-64

Menin M, Silva RA, Giaretta AA (2004) Reproductive biology of Hyla goiana (Anura, Hylidae).
Theringia, Série Zoologia 94: 49-52. https://doi.org/10.1590/50073-47212004000100008

Nali RC, Prado CP (2014) The fight call of Bokermannohyla ibitiguara (Anura: Hylidae): first
record for the genus. Salamandra 50: 181-184. http://www.salamandra-journal.com/in-
dex.php/home/contents/2014-vol-50/374-nali-r-c-c-p-a-prado

Orrico VGD, Mongin MM, Carvalho-e-Silva AMPT (2007) The tadpole of Hypsiboas latist-
riatus (Caramashi & Cruz, 2004) a species of the Hypsiboas polytaenius (Cope, 1870) clade
(Amphibia, Anura, Hylidae). Zootaxa 1531: 25-37.

Pinheiro PDD, Pezzuti TL, Garcia PCA (2012) The tadpole and vocalizations of Hypsiboas poly-
taenius (Cope, 1870) (Anura, Hylidae, Hylinae). South American Journal of Herpetology
7:123-133. https://doi.org/10.2994/057.007.0202

Reichert MS, Gerhardt HC (2014) Behavioral strategies and signaling in interspecific aggressive
interactions in gray tree frogs. Behavioral Ecology 25: 520-530. https://doi.org/10.1093/
beheco/aru016

Rivadeneira CD, Venegas PJ, Ron SR (2018) Species limits within the widespread Amazonian
treefrog Dendropsophus parviceps with descriptions of two new species (Anura, Hylidae).
ZooKeys 726: 25-77. https://doi.org/10.3897/zookeys.726.13864

Robillard T, Hobel G, Gerhardt CH (2006) Evolution of advertisement signals in North Amer-
ican hylid frogs: vocalizations as end-products of calling behavior. Cladistics 22: 533-545.
hteps://doi.org/10.1111/j.1096-0031.2006.00118.x

Stuart S (2018) Hypsiboas latistriatus. The IUCN Red List of Threatened Species:
e.T61778A12540948. www.iucnredlist.org [accessed on 05 October 2018]

Toledo LE, Aratjo OG, Guimaries LD, Lingnau R, Haddad CF (2007) Visual and acoustic
signaling in three species of Brazilian nocturnal tree frogs (Anura, Hylidae). Phyllomedusa
6: 61-68. https://doi.org/10.11606/issn.2316-9079.v6i1 p61-68

Toledo LE, Haddad CFB (2009) Defensive vocalizations of Neotropical anurans. South Ameri-
can Journal of Herpetology 4: 25-42. https://doi.org/10.2994/057.004.0104

Toledo LE Martins IA, Bruschi DP, Passos MA, Alexandre C, Haddad CFB (2014) The anuran
calling repertoire in the light of social context. Acta Ethologica 18: 87-99. https://doi.
org/10.1007/s10211-014-0194-4

Wells KD (2007) The Ecology and Behavior of Amphibians. University of Chicago Press, Chi-
cago, 1400 pp. https://doi.org/10.7208/chicago/9780226893334.001.0001


https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.11646/zootaxa.4251.1.1
https://doi.org/10.1016/j.biocon.2010.03.025
https://doi.org/10.11606/issn.2316-9079.v15i1p51-64
https://doi.org/10.11606/issn.2316-9079.v15i1p51-64
https://doi.org/10.1590/S0073-47212004000100008
http://www.salamandra-journal.com/index.php/home/contents/2014-vol-50/374-nali-r-c-c-p-a-prado
http://www.salamandra-journal.com/index.php/home/contents/2014-vol-50/374-nali-r-c-c-p-a-prado
https://doi.org/10.2994/057.007.0202
https://doi.org/10.1093/beheco/aru016
https://doi.org/10.1093/beheco/aru016
https://doi.org/10.3897/zookeys.726.13864
https://doi.org/10.1111/j.1096-0031.2006.00118.x
http://www.iucnredlist.org
https://doi.org/10.11606/issn.2316-9079.v6i1p61-68
https://doi.org/10.2994/057.004.0104
https://doi.org/10.1007/s10211-014-0194-4
https://doi.org/10.1007/s10211-014-0194-4
https://doi.org/10.7208/chicago/9780226893334.001.0001

	Calls of Boana latistriata (Caramaschi & Cruz, 2004) (Amphibia, Anura, Hylidae), an endemic tree frog from the State of Minas Gerais, Brazil
	Abstract
	Introduction
	Material and methods
	Results
	Discussion
	Acknowledgments
	References

