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Abstract

Given the importance of acoustic communication in intraspecific recognition during mating activity, acoustic traits have
been widely used to clarify the taxonomy of anurans. They have been particularly useful in the study of taxa with high
morphological similarity such as the Neotropical genus Physalaemus. Here, we reviewed the acoustic repertoires of
the species of Physalaemus based on homology hypotheses in order to make comparisons more properly applicable for
taxonomic purposes. We covered all the known clades and species groups for the genus, analyzing 45 species (94 % of the
currently recognized taxa). Different call types were labeled with letters (i.e., A, B, and C) to avoid speculative functional
propositions for the call types. In order to identify correctly the observed frequency bands, we propose a method to interpret
them based on the predicted graphic behavior on audiospectrogram and on the mathematic relationship among bands
considering each kind of band production (e.g., harmonics and sidebands). We found different acoustic traits between the
major clades P. signifer and P. cuvieri. Species in the P. signifer clade have more than one call type (67 % of species in
the clade). Furthermore, all species of this clade have A calls with pulses and/or low fundamental frequency (< 500 Hz).
In the P. cuvieri clade, species emit only one call type and, in most species, this call is a continuous whine-like emission
with relatively high fundamental frequency (> 400 Hz) and several S-shaped harmonics (except for species of P. henselii
and P, olfersii groups, P. centralis, and P. cicada). Within the P. signifer clade, pulsed calls are present in P. angrensis, P.
atlanticus, P. bokermanni, P. crombiei, P. irroratus, P. moreirae, P. nanus, and P. obtectus, whereas within the P. cuvieri
clade this feature is restricted to a few species (10 % of the clade): P. jordanensis, P. feioi, and P. orophilus. A principal
component analysis of the quantitative data indicates two clusters that substantially correspond to the composition of
these two major clades with a few exceptions. Overall, the cluster composed of taxa of the P. signifer clade has lower
fundamental frequency, bandwidth and dominant frequency at the end of the call and higher frequency delta and dominant
frequency at the end of the call than the cluster with most taxa of the P. cuvieri clade. We also identified and described
several similarities among acoustic signals of closely related species, which might correspond to synapomorphies in
the evolution of the acoustic signal in the group. Species of the P. deimaticus group emit long sequences of very short
A calls with low fundamental frequency (< 300 Hz) and short duration (< 0.2 s). Most species in the P. signifer group
have clearly pulsed calls and emit at least two different call types. Species in the P. henselii group have calls with only
high frequency bands (> 1700 Hz). Species in P. cuvieri group have continuous calls that resemble nasal-like sounds or
whines, with downward frequency modulation. Species in the P. olfersii group emit long calls (> 1 s) with ascendant and
periodic frequency modulation. Calls of the species in the P. biligonigerus and P. gracilis groups usually have continuous
whine-like calls with call envelopes very variable within species. In addition, we describe traits in the genus for the first
time, such as complex traits not predicted by simple and linear acoustic models (nonlinear phenomena), and discuss the
application of acoustic traits to taxonomy and phylogenetics and morphological constraints of the vocal apparatus that
might be related to the different acoustic properties found.

Key-words: Homology, behavior, taxonomy, systematics, Amphibia, vocalizations

Introduction

In anurans, acoustic communication mediates several important life interactions such as mating and aggressive
behaviors, antagonistic encounters, and advertises the position of an individual to others (Wilczynski & Chu 2001;
Gerhardt & Huber 2002; Wells 1977; 2007; Kdhler et al. 2017). Many studies have shown the importance of
acoustic signals for species-specific recognition in anurans, and then the usefulness for systematics and taxonomy
of the group (e.g., Haddad & Pombal 1998; Canedo & Pombal 2007; Hepp et al. 2015). Given the stereotypy of
the calls and the relatively high morphological similarity of Physalaemus species, acoustic features have helped
to clarify species boundaries and to posteriorly identify them (e.g., Bokermann 1967; Pimenta et al. 2005; Heyer
& Wolf 1989). Moreover, recent studies have focused on how to code and propose primary homology of acoustic
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traits (Robillard et al. 2006a; Goicoechea et al. 2010). These studies have allowed the use of acoustic characters for
estimating phylogenetic relationships in support of molecular and morphological data.

An important issue when applying acoustic traits in comparative studies is how to accurately establish homol-
ogy between acoustic structures while describing them (Desutter-Grandcolas & Robillard 2003). Wenzel (1992)
suggested the application of Remane’s (1952) traditional homology criteria typically used on morphological data to
behavioral traits as well. Similarly, some authors have applied and claimed the use of the same criteria specifically
to acoustic traits (e.g., Mundinger 1979; Price & Lanyon 2002; Desutter-Grandcolas & Robillard 2003; Hepp et
al. 2017; Folly et al. 2018). Most descriptions of anuran acoustical signals have been made based on single spe-
cies (e.g., Hepp et al. 2012; Hepp & Canedo 2013; Caram et al. 2014). Since one of the most important pillars of
the Remane’s criteria is the comparison between related taxa, it is essential analyzing as many species as possible
(see Wenzel 1992). Therefore, acoustic reviews with several taxa potentially lead to a better understanding of the
structures’ homology and then contribute by raising reliable characters for further systematic and taxonomic studies
(e.g., Hepp et al. 2015; Hepp et al. 2017).

Physalaemus currently comprises 48 species (Frost 2019). Among them, 46 species had their calls described
(Table 1). Some of them (17 spp.) had their calls described more than once (e.g., P. bokermanni, P. cuvieri, and P,
maximus). Although the intense effort in describing the acoustic repertoires of those species, the divergent defini-
tions used when describing the acoustic structures have precluded a straightforward application of acoustic charac-
ters in systematic studies. For example, similar structures have often been called by different terms and interpreted
as being either homologous or analogous (e.g., frequency bands of P. maximus; see Baéta et al. 2007b; Santanna &
Moura 2011; Peres & Simon 2012).

Historically, Physalaemus species have been arranged into species groups based on phenetic traits (Cei 1980;
Lynch 1970; Nascimento ef al. 2005). Few species of the genus (less than ten) had been included in large-scale
amphibian phylogenies (Frost ef al. 2006; Pyron & Wiens 2011). Recently, Lourenco et al. (2015) proposed a set of
phylogenetic hypotheses for the majority of the Physalaemus species (41 spp.) based on molecular data. The authors
found two major clades: P, signifer and P. cuvieri clades. Additionally, seven clades were named as species groups
(Lourengo et al. 2015), two within P, signifer clade (P. deimaticus and P. signifer groups) and five within P. cuvieri
clade (P. biligonigerus, P. cuvieri, P. henselii, P. gracilis, and P. olfersii groups). Among the 41 species included in
this analysis, four (two in each clade) were left out of any species group: P. nattereri, P. maculiventris, P. cicada,
and P. aguirrei (Lourenco et al. 2015).

A clade comprising the genera Edalorhina and Engystomops was found to be the sister group of Physalaemus
(Lourengo et al. 2015). The acoustic traits of Engystomops species have been widely studied (e.g., Cannatella &
Duellman 1984; Ron 2008), mainly those of E. pustulosus (review in Ryan & Guerra 2014). The production pro-
cesses of the acoustic structures in the vocal apparatus of E. pustulosus were addressed by several studies (review in
Ryan & Guerra 2014). Some of them also examined the anatomy of the vocal apparatuses of Physalaemus species
in order to compare morphology and acoustical traits, speculating on possible constraints and connections between
the larynges and their emissions (Drewry et al. 1982; Martin 1972). The available knowledge about call production
physiology in Physalaemus and Engystomops makes the group a good target for a review of acoustic features. De-
tailed descriptions and comprehension of the acoustic traits of Physalaemus may contribute for further connection
between these features and their underlying mechanistic production processes leading to a better understanding of
the acoustic communication in this taxon.

Herein we aimed to review the acoustic traits in calls of Physalaemus based on all recordings available in zoo-
logical and sound collections in order to redescribe the calls using standardized terminology following traditional
and modern bioacoustics concepts (e.g., Littlejohn 2001; Gerhardt & Huber 2002; Bradbury & Vehrencamp 1998;
Kohler et al. 2017) and homology criteria (see Remane 1952; Wenzel 1992; Hepp et al. 2017; Folly et al. 2018). We
first applied the homology criteria based on similar acoustic features and position, comparing all available species
of Engystomops and Physalaemus. After establishing homology hypotheses among acoustic structures, we applied
the most adequate terms to the homologs to finally make acoustic features comparable among species and clades.

Material and Methods

We analyzed recordings of 45 species of Physalaemus (see Appendix I). Additionally, we examined recordings of
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species of Engystomops and Pleurodema (not described in this study) in order to add more related species in the
application of the homology criteria (see below).

Recordings were obtained from the following collections: AAGARDA of Laboratorio de Anfibios e Répteis at
Universidade Federal do Rio Grande do Norte, Natal, RN, Brazil; ASEC, Arquivo Sonoro Professor Elias Pacheco
Coelho, Universidade Federal do Rio de Janeiro, Rio de Janeiro, RJ, Brazil; CBUFMG, Colegdo Bioacustica da
Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil; CENBAM, Centro de Estudos Integrados da
Biodiversidade Amazonica, Manaus, AM, Brazil; CFBH, Collection Célio F. B. Haddad, Rio Claro, SP, Brazil;
FonoZoo, Fonoteca Zoolodgica of the Museo Nacional de Ciencias Naturales, Madrid, Spain; FNJV, Fonoteca Neo-
tropical Jacques Vielliard, Universidade Estadual de Campinas, Campinas, SP, Brazil; and MNVOC, Colegéo de
Vocaliza¢des de Anfibios Anuros, Museu Nacional, Rio de Janeiro, RJ, Brazil. Several examined recordings were
directly obtained from recordists and researchers (Appendix I).

We examined voucher specimens of some recordings in order to check more diagnostic features during the spe-
cies identification process. However, since acoustic traits have largely been used as diagnostic characters for species
of Physalaemus (e.g., Bokermann 1967; Heyer & Wolf 1989; Pimenta et al. 2005), we were able to identify most
calls based on acoustic features only. Additionally, we preferred the recordings closest to the type locality of each
species.

The order of the descriptions was defined following the phylogenetic tree topology found by Lourengo et al.
(2015; Table 1). This organization leads to easier comparisons between sister species, which are usually more mor-
phologically and acoustically similar to each other. Species groups have been traditionally used in Physalaemus’s
taxonomy (Nascimento et al. 2005). Lourengo et al. (2015) recognized seven species groups. These groups (now
equal to clades) allow us to point out the acoustic traits shared by closely related species. Five species with calls
described here were not included in Lourenco et al. (2015)’s analysis (P. angrensis, P. atim, P. carrizorum, P. irrora-
tus, and P. orophilus) and were placed into clades and species groups (Table 1) according to the phylogeny based
on molecular and acoustic characters (unpublished data; except for P. carrizorum, which was grouped to P. gracilis
group following the species description; see Cardozo & Pereyra 2018).

TABLE 1. The currently recognized 48 Physalaemus species and references for previous descriptions of the acous-
tic traits of the call types recognized in the present study. Terms in the “Call Name (Literature)” are the original ones
given in the respective references. Species are arranged in the same order of the main text. Clade and species group
classification follows Lourenco ef al. (2015). Single asterisks mark the species that were not present in Lourenco
et al. (2015) analysis (see text). Double asterisks mark species whose calls were not analyzed in the present study.
Some authors recognized a higher number of call types for P. spiniger, P. signifer, and P. cuvieri than us (see text).

Call
# Species Type Call Name (Literature) References Species Group Clade
y
. Physalaemus A Call or Nuptial call Bokermann (1966a)
nattereri Advertisement call Marquez et al. (1995)
Heyer & Wolf (1989); Heyer et Not assigned
Physalaemus A Advertisement call Y ( ); Hey &
2 . . al. (1990)
maculiventris
B - Present study
Physal
3 .ysa c.lemus - - Unknown
deimaticus **
- " P. signifer
4 Physalaemus A Advertisement call Baéta et al. (2007a)
erythros B - Present study P. deimaticus
Single note of the .
Physalaemus A L Nascimento et al. (2001)
5 . vocalization 1
rupestris — -
B Vocalization 2 Nascimento et al. (2001)
Physalaemus Advertisement call or . o
6 A L. Pimenta et al. (2005) P, signifer
camacan Vocalization

...Continued on the next page
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TABLE 1. (Continued)

Call

# Species T Call Name (Literature) References Species Group Clade
ype
Physal
7 araentis A Call or Courtship call Bokermann (1966a)
obtectus
g P%lysalaemus A Advertiser.nen't call or Cruz et al. (2007)
irroratus* Vocalization
A Advertisement call Haddad & Pombal (1998)
9 Physalaemus B - Present study
nanus S dt £
C ceoneiype o Haddad & Pombal (1998)
vocalization
. Haddad & Pombal (1998); Costa
A Advertisment call
& Toledo (2013)
B Encounter call Haddad & Pombal (1998)
10 Phy s?zlfzemus Territorial call Costa & Toledo (2013)
spiniger -
? Fight call Costa & Toledo (2013)
? Release call Costa & Toledo (2013)
? Amplexus call Costa & Toledo (2013)
" Physalaemus A Advertisment call Heyer & Wolf (1989)
crombiei B - Present study
- P. signifer P. signifer
A Call or Nuptial call Bokermann (1966a)
19 Physalaemus Advertisment call Wogel et al. (2002)
signifer B Territorial call Wogel et al. (2002)
? Fight call Wogel et al. (2002)
Adverti t call, call
vermsement #4768 Cardoso & Haddad (1985)
o sal A or Vocalization
P
13 yRAraemts , Thomé et al. (2007); Giaretta ef
bokermanni Advertisement call
al. (2009)
B — Present study
Phvsal A Advertisement call or Weber et al. (2006)
eber et al.
14 ysaraemus Vocalization
angrensis*
B - Present study
Physalaemus Advertisement call or .
15 . A L Haddad & Sazima (2004)
atlanticus Vocalization
. Heyer et al. (1990); Giaretta et
A Advert t call
16 Physal?emus vertisement ca al. (2009)
moreirae
B - Present study
Physalaemus . .
17 A Call or Nuptial call Barrio (1965)
fernandezae
- - P. henselii
18 Physalaemus A Call or Nuptial call Barrio (1965)
henselii Advertisement call Maneyro ef al. (2008)
Call or Nuptial call Barrio (1965)
- - P cuvieri
19 Physalaemus A Mating call Cei (1980)
albonotatus . Kohler 2000; Kohler e al. o
Advertisement call P cuvieri
(2017)
20 Physalaemus A Advertisement call Ferrari & Vaira (2001)
cuqui Call or Vocalization Pérez Iglesias & Natale (2013)

...Continued on the next page
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TABLE 1. (Continued)

Call

# Species T Call Name (Literature) References Species Group Clade
ype
Physalaemus . .
21 fim* A Advertisement call Brasileiro & Haddad (2015)
atim
2 Physalaemus A Call Bokermann (1966b)
albifrons Advertisement call Pederassi et al. (2015)
Physalaemus Advertisement call or .
23 . A .. Cruz & Pimenta (2004)
erikae Vocalization
Physalaemus
24 . A Call Bokermann (1966b)
kroyeri
Call or Nuptial call Barrio (1965)
95 Physalaemus A Padial & Kd&hler (2001);
centralis Advertisement call Vasconcelos et al. (2014);
Guerra et al. (2017) P. cuvieri
Call or Nuptial call Barrio (1965)
Mating call Cei (1980)
Mati 11 or Nuptial
Physalaemus A ating catl of Wuptia Cardoso (1981)
26 L call
cuvieri
. Heyer et al. (1990); Gambale &
Advertisement call
Bastos (2014)
? Courtship call Gambale & Bastos (2014)
Physal
27 ysc.z a?mus A Advertisement call Kaefer et al. (2011)
ephippifer
Physalaemus . , P, cuvieri
28 . A Advertisement call Tarano (2001)
fischeri
Physal
29 N Call Bokermann (1966b)
cicada
- Not assigned
30 Physalaemus A Call or Nuptial call Bokermann (1966a)
aguirrei Advertisement call Pimenta & Cruz (2004)
Physalaemus . Weber et al. (2005); Cassini et
31 i A Advertisement call
soaresi al. (2010)
Baéta et al. (2007b); Cassini et
Physalaemus .
32 . A Advertisement call al. (2010); Santanna & Moura
TS (2011); Peres & Simon (2012)
Physal
33 Y jf ACS A Advertisement call Cassini et al. (2010)
eioi
P. olfersii
Physalaemus . .
34 . A Advertisement call Cassini et al. (2010)
orophilus*
Physal
35 ysa. aefnus A Advertisement call Cassini et al. (2010)
lateristriga
Call or Nuptial call Bokermann (1966a)
Physalaemus -
36 . A ) Heyer et al. (1990); Giaretta et
olfersii Advertisement call ..
al. (2009); Cassini et al. (2010)
Physal Call or Nuptial call Barrio (1965
37 . e aemutv A - P - ( ) P, biligonigerus
riograndensis Mating call Cei (1980)

...Continued on the next page
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TABLE 1. (Continued)

Call

# Species T Call Name (Literature) References Species Group Clade
ype
Call or Nuptial call Barrio (1965)
Mating call Cei (1980)
Physalaemus
38 biliconi A Marquez et al. (1995); Salas et
iligonigerus ) ) )
Advertisement call al. (1998); Giaretta & Menin
(2004) P. biligonigerus
Physal
39 yRaraems 5 Advertisement call Giaretta & Menin (2004)
marmoratus
40 Physalaemus A Call or Nuptial call Barrio (1965)
santafecinus Mating call Cei (1980)
Physalaemus .
41 . A Advertisement call Cardozo & Pereyra (2018)
carrizorum* P cuvieri
4 Physalaemus A Call or Nuptial call Barrio (1965)
gracilis Advertisement call Cardozo & Pereyra (2018)
Physalaemus . .
43 lisei A Advertisement call Morais & Kwet (2012)
isei
P .
4y Phsalaemus Call Bokermann (1967) gracilis
evangelistai Advertisement call Oliveira et al. (2013)
45 Physalaemus A Call Bokermann (1967)
barrioi Advertisement call Provete et al. (2012)
46 Physalaemus A Call Bokermann (1967)
Jjordanensis Advertisement call Giaretta et al. (2009)
Physal.
47 ysaraciies - - Unknown
caete**
Unknown Unknown
Physalaemus
48 . - - Unknown
insperatus **

Recordings were edited with the software Audacity 2.1.3 (Audacity Team 2017). We filtered part of the background
noise using the tool “Noise Reduction” of this program. Measurements were made with software Raven Pro 1.5 Beta
Version (64-bit version) from the Cornell Laboratory of Ornithology (Bioacoustics Research Program 2014).

We focused our descriptions and comparisons on the most common calls of the species, but we also described
unusual calls recorded less frequently. Here we used letters as labels for the calls, using the same letter for calls
considered homologous. We established primary homology for calls and their parts/structures according to the fol-
lowing criteria: (a) acoustic similarity, (b) relative position, and (c) connection by intermediate taxa between the
call structures analyzed (Remane 1952; Wenzel 1992; Hepp et al. 2017; Folly et al. 2018). For criterion (a), we
identified homology among interspecific bioacoustical structures based on similarity of their durations and enve-
lope shapes (i.e., patterns of amplitude values over time) on oscillograms and frequency values, such as dominant
frequency, and shapes of the bands (i.e., patterns of frequency values over time) on audiospectrograms. For crite-
rion (b), we considered similar positions of the structures in relation to the other structures that are close in time
(on oscillograms) and/or frequency (on audiospectrograms) within the same recording. If two analyzed structures
of two different species are surrounded by the same homologous structures, so those structures are likely to be ho-
mologous too (see Remane 1952). The latter criterion (c) is related to inclusion of all structure variations available
while comparing relative position and similarity in order to assure homology correspondence (sensu Ghiselin 2005)
even between extremely different variations by connecting them through intermediate forms present in other taxa
(Remane 1952; Wenzel 1992).

After we assessed the homology relationships among structures, we applied the most adequate term to all
structures considered homologous, i.e., a single term to each homologue. We used two criteria to choose the most
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adequate terms: (1) the best fit between terms’ definitions presented in the literature (e.g., Kohler et al. 2017) and
structures’ traits; and (2) the most common term used in literature for the structures in calls of Physalaemus (in order
to guarantee certain nomenclatural stability; Hepp & Pombal 2019). We applied the term “call” for the most inclu-
sive homologue. We preferred to use letters as temporary labels for different types of call. The most frequent call in
the recordings is usually referred to as “advertisement call” in the literature (see Table 1) and is considered to play
an important role in the mating activity of the taxa (e.g., Weber et al. 2005; Giaretta ef al. 2009; Provete et al. 2012).
This frequent emission was named here as Call A and occasional extra calls recorded were named sequentially as B
and C. By applying this nomenclature, we avoided spurious associations between call types (signals with a certain
set of acoustic features) and functional definitions that were not addressed here (e.g., Hepp et al. 2017).

As a hypothetical example, given we had identified in the recordings of several species similar structures re-
peated periodically in series with duration of each structure similar to their intervals and each structure with the
same complex frequency pattern such as an up-downward modulation, forming arch-shaped bands. The resem-
blances of the modulation patterns and values of duration and interval suggest that the structures correspond to serial
homologues (see Hall 2013). Therefore, each structure received the same name, e.g., “pulse”, while the entire series
received another name, e.g., “note”. In this example, these series were found emitted in groups (short interseries
intervals) or isolated throughout the recordings, i.e., males emitted series at no regular rate or interval. Thus, in this
case, the series (= note) is the most inclusive homologue detected and then we opted to name it as “call” as well. This
approach has commonly been used in most cases in the literature on Physalaemus and agrees to the note-centered
approach proposed by Kohler e al. (2017). It illustrates almost all homology assessment and nomenclature applica-
tion for most of the complex cases in the present study. However, for a few species (e.g., P. cicada and P. nattereri;
see Discussion), the homology criteria [mainly Remane’s criterion (a); see above] have indicated that each structure
repeated in a series correspond to those structures labeled as “calls” for other species. Therefore, in these cases, the
nomenclature application agrees to the call-centered approach of Kohler et al. (2017). These homology incompat-
ibilities while using a single nomenclature approach based on similarity instead of homology correspondence are
expected, mainly when a large diversity and variation is taken into account, even within a single genus such as
Physalaemus (Hepp & Pombal 2019).

Technical terms and definitions used in the sound descriptions follow Bradbury & Vehrencamp (1998), Little-
john (2001), Gerhardt & Huber (2002), and Kohler et al. (2017). Specific terms used here for structures and features
are shown in the schemes of the Fig. 1 and 2. For some species, we used the term “sustain” for sections of the sound
with little or no amplitude variation positioned between the call rise and fall (Fig. 1). Yet, we applied the same term
to segment that did not have the features expected according to the term’s etymology (in this case, sustained and
constant amplitude) but were considered homologous to typical sustained segments of other species. This procedure
guarantees the correspondence of homologous call parts among species under the same name (Hepp & Pombal
2019). We used the expressions “periodic amplitude modulation” (PAM) and “periodic frequency modulation”
(PFM) to refer to modulation in amplitude (AM) and frequency (FM) that are repeated periodically or quasi-periodi-
cally through time, respectively (Fig. 1). In cases where the AM is weak (not deep) and there is no silence interval
as a result of the PAM, we called “cycle” the period between two adjacent amplitude valleys (see Fig. 1). In cases
where these cycles are separated by silence intervals, we called them “pulses” (Martin 1972; Littlejohn 2001). Even
s0, both structures were considered homologous (see Fig. 1F—H). Values of the repetition rates of periodic ampli-
tude modulations are lower than those of the fundamental frequencies of the signal. Usually repetition rates of PAM
have very low values and then usually not shown as frequency bands in commonly used audiospectrograms’ band-
widths (see details about relationship between shown frequency bands and filter bandwidth of audiospectrograms
in Charif ef al. 2010). Species with PFM and PAM can have both modulations directly or inversely coupled (see
examples with bird songs in Greenewalt 1968). Here we call these couplings as directly or inversely proportional,
respectively. Occasional segments of non-periodic frequency modulation (FM) are reported specifically for where
they occur in the signals (e.g., Fig. 2A and C). Some of these FM segments, particularly the first and last ones, were
barely observed without examining the signal in detail by using extreme zoom-in and were described but not illus-
trated. Segments of non-periodic amplitude modulation are usually described together with the features of the call’s
envelope (Fig. 1). Terminology describing call envelope and pulse follows Gerhardt (1998) and Littlejohn (2001).
Definitions and concepts related to sidebands and harmonics follow Watkins (1967), Greenewalt (1968), Gerhardt
(1998), Bradbury & Vehrencamp (1998), Gerhardt & Huber (2002), and Kohler et al. (2017). In the last decades,
many studies have shown that physical systems including bioacoustical ones can behave in a more complex way
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than originally predicted (e.g., a vocal apparatus with more than one oscillator vibrating simultaneously). These
complex behaviors are usually classified as nonlinear and several species of mammals and birds have had nonlinear
dynamics reported in their vocalizations (Wilden et al. 1998; Fitch et al. 2002).
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FIGURE 1. Schematic oscillograms of calls of Physalaemus species and schematic diagrams for terms related to amplitude
traits (A). Gradual call rise and fall (B). Logarithmic call rise and fall (C). Exponential call rise and fall (D). Inclined sustain
(E). Demarcation of w duration (F). Call with cycle-PAM (periodic amplitude modulation), i.e., absence of silence interval
within call (G). Call with pulse-PAM (periodic amplitude modulation), i.e., presence of silence interval within call (H). Differ-
ent envelopes (I-L). Rectangular envelope (I). Elliptical envelope (J). Triangular envelope pointed left (K). Triangular envelope
pointed right (L).

Nonlinear phenomena are those vocal mechanisms responsible for producing complex sounds usually consid-
ered abnormal or irregular in the literature (Fitch ef al. 2002). These phenomena occur in relatively simple and pre-
dictable systems, such as anuran and mammalian larynges and avian syrinx, when these systems exhibit “irregular”
behaviors, i.e., nonlinearities (Wilden et al. 1998; Fitch et al. 2002). They are a reflection of abrupt changes in the
vibratory mode of the oscillator(s) in the sound producing organ, which are usually caused by abrupt changes in the
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stimulus energy or by extreme amounts of energy in the oscillatory system (Wilden et al. 1998; Suthers et al. 2006).
Patterns on audiospectrograms such as (a) sudden emergence of extra bands between the harmonics, (b) independent
modulations of synchronic frequency bands (e.g., one going down and other up), (c) abrupt change of the harmonic
series’ position causing a discontinuity in the bands, or (d) abrupt change of the narrow frequency bands into a noisy
broadband pattern can be events produced by the nonlinear phenomena, respectively: (a) subharmonics, (b) bipho-
nation, (c¢) frequency jump, and (d) deterministic chaos (Wilden et al. 1998; Suthers et al. 2006). These sound events
have often been classified as “irregularities” and ignored in several bioacoustical studies (Wilden et al. 1998; Fitch
et al. 2002). Here, we reported and described these four types of nonlinear phenomena observed for Physalaemus
species. Theory and terms about nonlinear phenomena follow Wilden et al. (1998) and Fitch et al. (2002).
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FIGURE 2. Schematic audiospectrograms of calls of Physalaemus species and diagrams for terms related to spectral call
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traits (A); note a initial up-downward FM and a final downward FM at the beginning and end of the call, respectively. General
downward FM (B). Upward general FM (C). Shift in the relative energy among the bands; the dominant frequency gets higher
toward the end of the call (D). Call energy concentrated in the higher harmonics; lower harmonics absent (E). Periodic frequency
modulation, PFM (F). Subharmonics at the middle of the call (G). Deterministic chaos at the middle of the call (H). Note that the
call (E) also presents pulses and up-downward FM within each pulse. These features are independent to the energy concentrated

in higher harmonics.

Calls were described based on the following features (Fig. 1 and 2): call duration (1); relative duration and
shape of the call rise, sustain, and call fall (2); relative position of the amplitude peak of the call (3); shape of the
call envelope (4); proportion of the call duration with more than half of the call’s energy (5); pulse- or cycle-PAM
presence (6); number of pulses/cycles per call (7); relative duration and shape of the pulse/cycle rise and fall (8);
relative position of the amplitude peak within the pulse/cycle (9); pulse/cycle duration (10); ratio between the du-
rations of different pulses/cycles throughout the call (11); presence of silence intervals within the call (12); ratio
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between silence interval and pulse duration (13); pulse/cycle repetition rate (14); presence of harmonics, sidebands,
and/or nonlinear phenomena (definition degree of the bands, chaos degree, and average entropy) (15); fundamental
frequency (16); dominant frequency (17); number of all dominant harmonics in the call (18); presence of energy
increasing pattern of the higher harmonics throughout the call (19); order of the dominant harmonics throughout
the call (20); frequency bandwidth (21); presence and direction of general FM of the call (22); presence and direc-
tions of short FM segments (23); presence and extension of PFM throughout the call (24); relationship between any
synchronic frequency and amplitude modulations (25). Additional measurements are given in Table 2.

The temporal and amplitude traits (features 1-15) were measured directly on the oscillograms, whereas spectral
traits (features 16-25) were measured on the audiospectrogram (with window function Hann, amplitude logarith-
mic, window size 1024 samples, and 99 % overlap). Proportion of the call duration with more than half of the call
energy (5), frequency bandwidth (21), center value of the spectral bandwidth, dominant frequency (17), and level of
chaos (lack of periodicity of the signal — 15) were calculated using the measurements “IQR (Inter-quartile Range)
Duration”, “Bandwidth 90%”, “Center Frequency”, “Max Frequency”, and “Average Entropy” on Raven 1.5, re-
spectively (see Charif et al. 2010). Periods of structures were measured from the beginning of one structure to the
beginning of the following one, thus encompassing the structure duration and the inter-structure interval (Littlejohn
2001). All repetition rates and fundamental frequencies were obtained by calculating the reciprocal of the periods
(see Greenewalt 1968; Littlejohn 2001).

We examined the general traits of all obtained calls and males. The sample sizes of this general examination are
given at the beginning of each call description as number of recordings, total recording time, number of calls and
males (additional information can be found in the Appendix I).

The number of examined calls in very long recordings was estimated by using Raven’s tool Band Limited En-
ergy Detector (BLED). First, we manually deleted recordist announcements and other clear non-amphibian sounds
from recordings. Then, we set BLED parameters interactively for each recording according to the best fit with the
first 40 calls recorded (see Charif et al. 2010).

For most audio recordings, the number of recorded males was given by the recordist. For the files without this
information, we estimated the number of males by observing constant differences in call amplitude and frequency
(fundamental and dominant frequencies). The amplitude differences are consequence of different distances of the
recorded males from the microphone, while slight differences in frequency are expected from different males with
slightly different body sizes (see Gerhardt & Huber 2002; Wells 2007).

For the detailed numerical measurements, we chose some calls considering the recording quality and, in this

case, sample sizes are given in table (Table 2; see below). For the descriptions in text, the values were rounded in
order to make easier the comprehension of the acoustic traits. Precise values are given in Table 2.
Some call types were recorded only when many males were calling close to each other (see Results). This close
proximity was interpreted when recordings presented many calls clearly from different individuals (e.g., with con-
stant individual differences such as different fundamental frequencies) with short intervals between each other and
with similar amplitudes.

In order to verify which acoustic structure was responsible for yielding the observed frequency bands, we
compared the repetition rate of the structures with the distance between the bands. We measured every period of all
periodically repeated oscillation (“w” in Bradbury & Vehrencamp 1998: 58; see Fig. 1F) and then we calculated the
reciprocal of the periods (i.e., the frequency of that signal). After that, we identified which rate matched the distance
between the bands and identified the structure responsible for the bands (see Greenewalt 1968; Gerhardt & Huber
2002; Watkins 1967; Bradbury & Vehrencamp 1998). To verify whether the bands were sidebands (produced by
modulation), we divided the dominant-frequency value (called “instantaneous” dominant frequency by Greenewalt
1968) by the calculated rate of the band-related oscillation within the same delta time. If the factor was an integer
number, we treated it as evidence for a harmonic relationship among frequency values (sidebands may have integer-
multiple relationships but they are usually unexpected; see Greenewalt 1968: 88-100). Here, harmonic relationships
among frequency bands were taken as evidence that they were likely produced by the same morphological structure,
or by closely connected and dependent structures, of the vocal apparatus (Greenewalt 1968). Additionally, we plot-
ted the calculated repetition-rate values against the emission time and compared them to the frequency modulation
observed in audiospectrograms. If the calculated repetition rate is the fundamental frequency of a harmonic series or
the frequency of a modulating signal (yielding sidebands), the variation of its value results in different consequences
for the bands in audiospectrograms (Bradbury & Vehrencamp 1998). In the former hypothesis, all the higher bands
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(i.e., harmonics) will follow the fundamental one, whereas in the latter case, sidebands will get closer or distant to
each other when the frequency of the modulating signal gets lower or higher, respectively (Gerhardt & Huber 2002:
428). This method was applied to the most frequent call type (call A) of every species (except P. fernandezae, which
has a single frequency band) in order to evaluate the vibrating process that underlies the signal emission of the species.

The filter bandwidths (part of the audiospectrogram “resolution”’) may widely vary even at the same number of
samples in FFT, depending on the sampling size used in the recording process (Charif et al. 2010). Therefore, we
used different number of samples in FFT and different bandwidths for the illustrated audiospectrograms in order to
apply the most adequate resolution to the calls presented in the figures.

We ran a Principal Component Analysis (PCA) on the software RStudio Version 1.1.456 (RStudio Team 2118),
based on R Version 3.5.1 (R Core Team 2018), to check for acoustic similarity patterns of quantitative variables
related to the current species groups assigned for the species. We used the packages “stats” (R Core Team 2018),
“ggrepel” (Slowikowski 2018) and “ggplot2” (Wickham 2009). PCA cannot handle analyses with inapplicable or
missing data. Therefore, we first removed all the variables conditioned to the presence of certain features or struc-
tures. For instance, we removed the variables related to the presence of PAM or PFM, such as duration of cycles
or pulses or PFM rate, since there are several species with no PAM and PFM that received a non-numeric symbol
indicating inapplicable data for these variables. Although we have some missing data for a few species/variables,
all of them were deleted after the variable removal procedure aforementioned. We used the following variables in
the PCA: call duration (1); dominant frequency (2); dominant harmonic (3); fundamental frequency (4); dominant
frequency at the beginning of the call (5); dominant frequency at the end of the call (6); relative position of the
amplitude peak of the call (7); frequency delta of the call (8); frequency bandwidth (9); entropy average of the call
(10); center frequency of the call (11); and proportion of the IQR duration (12).

Results

Considering all the analyzed calls of Physalaemus species, acoustic traits are very diverse and vary considerably
among species groups. Still, there are many common features within some clades and groups. Measurement values
for all species are given in Table 2. Call duration varies from 0.03 (P. cicada) to 4.6 s (P. orophilus), the latter be-
ing approximately 150 times longer than the first. Fundamental and dominant frequencies vary ca. sevenfold, from
150 (P, olfersii) to 1020 Hz (P. riograndensis), and 515 (P. marmoratus) to 3800 Hz (P. bokermanni), respectively.
Some species have distinguishably pulsed calls (P. angrensis, P. atlanticus, P. bokermanni, P. crombiei, P. feioi, P.
henselii, P. irroratus, P. jordanensis, P. moreirae, P. nanus, P. obtectus, and P. orophilus) whereas others have calls
similar to whistles (P, fernandezae) or whines that resemble mammalian nasal sounds (remaining species, except P,
cicada). Nasal-like sounds are attributed to the presence of a high number of highlighted harmonics associated to a
low fundamental frequency, resulting in frequency bands close to each other in a dense-harmonic spectrum (Bee-
man 1998), a remarkable feature in P. olfersii species group. In this group, the long nasal-like calls with high pitch
resemble, to the human ear, to the cry of human infants. On the other hand, the call of P. cicada is very short and
emitted in a long call series sounding like a cicada (Cicadoidea, Hemiptera). All species have calls composed of
harmonics (but see P, fernandezae below). Species such as P. camacan and P. henselii also have call with sidebands
resulting from a modulating signal independent from the carrier one (usually the dominant frequency). The call of P
fernandezae is unique in having a single frequency band (but see Cei 1980). Calls with pulse-PAM, such as those of
P. crombiei, P. jordanensis, and P. obtectus, or with short duration, such as those of the P. deimaticus species group,
are also perceived as short nasal-like sounds. In the following sections, we described in detail the acoustic features
of 45 Physalaemus species as well as the common traits of the named clades; including the species groups sensu
Lourenco et al. (2015).

Physalaemus signifer clade
Species in this clade usually have A calls with low fundamental frequency, below 500 Hz (except P. bokermanni,

see below). Usually the fundamental band is absent or with very low energy, barely visible in audiospectrograms
(all species except some calls of P. irroratus, P. obtectus, and P. nanus). Most of the species (66.6 %) have more

14 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL


Fabio
Realce


than one call type. Nonlinear phenomena, subharmonics and deterministic chaos, are common in the clade (see P
angrensis, P. atlanticus, P. bokermanni, P. camacan, P. crombiei, P. irroratus, P. moreirae, P. nanus, P. obtectus, P.
signifer, and P. spiniger) even though usually restricted to parts of some calls (i.e., polymorphic in presence and
position; vs. present in all calls in the same call positions in species of P. cuvieri clade). Eight species (P. angrensis,
P. atlanticus, P. bokermanni, P. crombiei, P. irroratus, P. moreirae, P. nanus, and P. obtectus) have calls with strong
PAM, with silence periods between pulses.

No species group assigned
Physalaemus nattereri (Steindachner, 1863)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note
usually emitted in sequences of three or four calls (Fig. 3A and B), but longer sequences, with dozens of calls, can
be sporadically emitted.

Call A (Fig. 3A-F and 4A). We examined 15 recordings, a total of 21 minutes, with ca. 5500 calls from 28
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.057 to 0.074 s. The abrupt
call rise is much shorter than the call fall, which is more gradual; the amplitude peak is within the first third of the
call’s duration (usually at the very beginning of the call). The envelope of the call resembles a triangle pointed right.
More than 50 % of the call energy is concentrated at the first 26 % of the call duration (Fig. 3C, E). The call has no
PAM. The call is composed of clear harmonics (Fig. 3D, F, 4A). The fundamental frequency is around 330 Hz and
it is usually present with low energy or absent in the audiospectrograms. The dominant frequency of the calls var-
ies from 703 to 1031 Hz. Within each call, the dominant harmonic varies from the first to third, but it is usually the
second or third. There is no clear shift in the relative energy among the bands throughout the call. Most of the call
energy is between 700 and 1050 Hz (often, two harmonics). Frequency modulations are very subtle in this species.
Nonetheless, the frequency bands have a general downward FM with a slight rapid up-downward FM at the begin-
ning and a short down or upward FM at the end. There is no PFM (Fig. 3D, F).

Physalaemus maculiventris (A. Lutz, 1925)

We found two different calls, referred to as call A and B. Calls B were common in recordings in which several males
were more active and calling close to each other. Calls B are commonly observed after overlapping periods of A
calls. Call B resembles a long call A with higher fundamental frequency, pulse-PAM rate, and stronger PFM.

Call A (Fig. 5A-D and 4B). We examined two recordings, a total of six minutes, with ca. 400 calls from four
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.172 to 0.260 s. The rise
of the call is longer than the fall; the amplitude peak is approximately at the end of the first three fourths of the call
duration. Since both rise and fall are relatively similar in slope and not too different in duration, the envelope of
the call is fairly elliptic (Fig. SA, C). More than 50 % of the call energy is concentrated in 24 % of the call duration
around the amplitude peak. The call has a subtle PAM (there is no silence interval between peaks; Fig. 5C). The rate
of the PAM is ca. 39 Hz, forming ca. six amplitude peaks throughout the call. The call is composed of usually clear
harmonics (Fig. 4B), however, eventual decreases of the wave periodicity make the harmonics less clear. The funda-
mental frequency is approximately 220 Hz and it can be present with low energy or absent in the audiospectrograms.
The dominant frequency varies from ca. 820 to 1510 Hz (Fig. 5B, D). The dominant harmonic varies from the third
to the sixth, but it is usually the fifth. There is no clear shift in the relative energy among the bands throughout the
call. Most of the call energy is between 700 and 1500 Hz (often comprising five harmonics). The frequency bands
have a general upward FM throughout the call with a rapid up-downward FM at the beginning forming arc-shaped
bands in this part of the call and a short downward-FM segment at the end (Fig. 5B). There are irregular PFM seg-
ments throughout the entire call; these segments are usually synchronic and directly proportional to the PAM (Fig.
5D).
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FIGURE 3. Call A of Physalaemus nattereri. Oscillograms (A, C, and E) and audiospectrograms (B, D, and F). Sequence of

groups of call (A and B). A single typical call (C and D). A single call with a variant envelope (E and F). Horizontal scale bars
have 0.2 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 92.1 (F); 67.4 (B); 92.1 (D).
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FIGURE 4. Multiplicity relationship between “instantancous” dominant frequency and w of calls A of seven Physalaemus
species. Each graph shows a single call A of: P. nattereri (A), P. maculiventris (B), P. erythros (C), P. rupestris (D), P. camacan
(E; F), P. obtectus (G), P. irroratus (H). Grid corresponds to the harmonic values (right y-axis). Red squares are the values of
“instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles are the factor values of
the ratio “instantancous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the duration of one period
w of the measured oscillation. Note that factors around integer values suggest harmonic relationship between the frequency
calculated (w reciprocal) and the dominant frequency. Factors multiple of 2 of the fundamental frequency correspond to sub-
harmonics (see P. irroratus; H).

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS Zootaxa 4725 (1) © 2020 Magnolia Press - 17



23vd 3xou 21y} U0 panuyuo)

[9/0t2] lot/01]
[9/9] [9/9] lo/L1l 6100 [9/zeil L€00 [o1/01]
Sl 0°S9€T
- - - - (6s¥'¥—0ocvy'e)  (I'te—¢€91)  (1L00-110°0)  (€£L1°0-S00°0)  (LTL1-69T'1) € IIED
(LS—L) ($'7957-5"2900)
08L°0 F S¥S'E 9T F6'81 TIO0FLTO0  8TOOFOV0'0  TST'OFISS'T stisad.e
COTF6TC  61hI F889¢C
snuavpsdyJ
[81/L¥1] [81/81] 8°¢teT [11/11] [81/81]L°L1 (171110000 [r1/zzl 9v00  [81/811 21170
8(8¢-¢)  (6'9¥ST-9°0681) - - - - (zozz—ccon)  (061-¢01)  (2T0'0-0000)  (S80°0-9€0°0)  (6¥1°0-LS0°0)  VIIED
L9FLTT 6091 FTICET T9€°0 FS9S°1 8TFTSI 9000 F 6000 100 F 9S00  920°0 F901°0
[L1/L1] [t/98] [+/98] [t/98]
[z/66] [/v] [L1/L1]
T1€01 T T S¥0°0
€(6-¢) ] ) e - - - (S6¥'1-6L1°0) o - ] ) (5L8°0-00T0) 4 1ED
(TT8LT-8°€¥8)  (§799-S°T1) ($'99-6'11) (L80°0-510°0)
CIFTY Thr'0 F0SL0 T61°0 FL8S0 soafifia
Y'0TCTF9€80T  8TIF99T 8TIF99C 810°0 ¥ S¥0°0
snuavsAy g
[t/¢c] [8¢/8¢] €111 [8¢/8€] $50°0
0¢(01-0)  (87911-8'2201) - - - - - - - - (LLO'O-T+0°0)  VIIED
STFTS 91y F L1601 800°0 F 950°0
[z/c01] [9/9] 10T [v/611 T9¢ [t/+] [/v] [e/Lt] 1€t [¥/v9] ze00 [9/9]
S(8-¢) (szrer-zreon  (919-$%2)  (0°SLE-L€6) ¢ - (906 1-121'D)  (L'$S-9°12) - (690°0-+100)  (SL9°0-SL£0) d1ED
60F8 Y C6CLFOILLL TEFI9E 9TEI FSLSI T6S0F LY 1 ¥'8FHTE 1100 F €00 1010 F ¥€S0
&h:w;txbds
) los/g11] ) [05/05]1 88570 ) )
[¢/16] [os/0s] €198 [veimel 1ep- [cz/ce] [sz/spil [szsvil 1200 [0S/08] 681°0 Snuav]nSAYJ
%4 (T6L0-+11°0)
7 (9-¢) (€7L0S1-€'818) (c99-8'11) (198—€2L1-) 100 - (ELL'T€0V0)  8'9% (1'T6-€76) - (2or0-1100)  (09T°0—CL1°0)  V1IBD
SOFTY 9VITF 6 €P01 8G9 F 6'9C- €9L°0FS0E' 1 8€l F0'6€ 9100 F0€0°0  STO'0F60T0
TILFSHE FLISO
[8¢/z8] [1¥/17] T 101 [1¥/1%] $59°0 [19/1%] L9070
LI2427)0U
c(e-1) (T1€01-1°€0L) - A (1€8°0-115°0) - - - - - (PL0°0—LS0'0) V118D
snuan)psy g
90FH¥T TIS FTEL01 9L0°0 F ££9°0 €00°0 F S90°0
spueq J9Mo0|
(zH) WA (s 12d) (5) reasoyuy
Jsruouniey  (zH) Adudnbaayg (s 12d) N TenIuy Kdueurwo(q (s 12d) 9yey (s) uonpean(q s) adAy,
[eniuy v)pPq JPAD [euL] as[ng 1o LEIREN N
juguIIo(q juguIIo(q ey NAd uon.aodoag uonean(q as[ng 10 L) as[ng 10 3PAH uopeanq@ [ed  [ed
Kduanbaag uon.aodoag El)Ne}
uonodoag

“(sTre1op 103 3x9) Ul suondrIosap 99s) S[[ed pazA[eur Y} Jo 1ed ur A[uo Juasard saInjeay 9)edIpuI SYSLIAISE S[qNO(T T[8O IOYIO0 JO SON[BA SUWIBS O} LM S[[9d 9)BOIPUL
SYSLI9)SE Q[3UIS *[S[[D JO JOqUINU / UOYE) S)USWAINSEIW JO JOqUINU| opoul (WNWIXBW — WNWIUIW) UOHEBIAID PIEPUE)S F UBJW SB UDAIS oIe sonjeA (] 9[qeL, Pue 1Xd) 99
£G102) 7P 12 0duaIno ut A30[0do} o3 03 SUIPI029E PaIdPIO SA10adS "sa10ads snuan)psdy g G Jo y 9dA) s[[ed a3 Jo spudwaInseawt | | Jo sonsnels 9andoso 7 A 14 VL

HEPP & POMBAL

18 - Zootaxa 4725 (1) © 2020 Magnolia Press



23pd jxau 2y} uo panunuo)

[9/9] €651 [9/9] [9/9] [9/9] [9/9]
[e/1911 9 (21 q
N (LTeL1-8eot1n) - (Ocr-1¢r)  (€60°0-L¥0°0)  (8L9°0-L¥H0) - - - - (215°0-9L£0) .
TE0T T 81951 TSEFEHL  9T00FFL00  6L0°0FSSS0 L¥0°0 F ZEF0 1231u1ds
[1e/1€] senen [vi/v1lgee  [F1/p1] L6070 [1e/1€] 62270 snuDpsAy g
[e/p8el ¥ ] ) ) o ) i ) ]
0 (riser-Lertn) 3 (8°¢6-00)  (L01°0-€80°0) - - - - - (z6¥'0-122°0)  VIIED
(9-0)80FL€E
80T F L'6SE1 TSPFOES 9000 F960°0 650°0 F 0970
[s/s]
o)
* * " - - - * % * % (I1T€°0-881°0)
1ed
L¥0°0 F997°0
[€/29] [9/9] L's9L1 [¢/€] [9/9] q
01 (1v-L) (6'1$81-9'6L9T)  (L'¥TTI-L'tL) - - - - - - - (060°0-L20°0) . snupu
I'LFIEI €SO F CL8LI CITFS06 €20°0 F LY00 Snuav]nSAy g
) ) l1z/1ed ) ) [1z/12]
ltziielgoseer  [iziel 89g [1z/1ed ] [tzwel 1100 [1T/s11] 52070 )
[s/0€lc ) o ] 8'9C i ] 981°0
(607ST-$'6£70)  ($°€6-5°60) - - - (€28°T-1L6°0) (865°0-000°0)  (990°0-500°0) VIED
F290FVvT ($'€€-6'50) (812°0-8L1°0)
6901 F19¥€C  €TFEST 6670 F 40T 1900 FS10°0  110°0 F820°0
€TTEST TI00 T €61°0
[Lz/LT] eoLt [Lz/Le] [Lz/LT] [Lyrel s [eewslestio  [LzitrilLeoo  [Lz/ezl 9oL
vl v SNIDAOLIL
(881L1-0°0SC1)  L'S(69-1°S) - - - (S81°0-L¥00)  (69-1'9)  (+€T0+€00)  (650°0-L00°0)  ($S6'0—687°0) WV II€D
6 01F6€ snuDpsAy
THP1 F 1°8K91 Y0F9S PEOOFEOI'0  HOF9OS  I€00FT6I0 I100FSE00  S80°0FE€PL0
[oz/02] [oz/02] [oz/02] [oz/02]
loz/o2] [0z/L91 9900  [0T/L8]1 0500
[z/sLl € 8'81TI L8 L8 6210 sn1221q0
- - - (S 1-+Tt'0) (€60°0-2+0°0)  (160°0-920°0) V11D
L9 roFre (soczi—oLoc)  (1I01-+'8) (Io1-+'8) (€55°0-S1+°0) SRSy
LOS'0 F LS60 €100 F#LO0 0100 F 2SO0
€6 F88ICI SOFT16 SOFTI6 1%0°0 F SLV'0
l6z/62] [c1/9¢] [e/c] [s/st] [s/0¢] [og/o€]
le/1e9l v 858yl v'se ) i 6'¢l 880°0 (LIT°0 8690 upopUIDI
o ] ) o - - - (6171-86%°0) - ) ) ) . VIED
O-090F9¢ (T9S91-1'8LET)  (9°€5—§+T) 1820+ <560 (1'81-9'8) —L¥0°0)L100  (086°0-9L9°0) snuanISAY
S8 F 16151 L9F9EE STFOT F$80°0 001°0 F €LLO
spueg 1Mo
(zH) INA (s 1ad) (s 1ad) (S) [eAIUY
Jtuourie (zH) Adudanbaay (s 1ad) A [eniug Adueurwoq (s) wonpeanq (s) adAT,
[enmy ejpq JAD [eul] ey Is|ng Is[nd 1o $a199dg
juguIIoO(q juguIIo(q ey NAd uontodoag uopean(q as[ng 10 3PAD uonean( (€D D
Aduanbaay uopodoag 10 3L LD
uonrodoag

(penunuo)) 'z ATAVL

Zootaxa 4725 (1) © 2020 Magnolia Press - 19

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



23vd jxou 21y uo panuyuo)y

[er/gt] [81/81]
[er/et] gzeo
[psly 0'sTI1 (STIEL €59 ) i
"o . . - - - - - - - (€5€°0-60€°0) € 118D
L0LoF8¢ —1'8L01) (T69-9€¢) i )
Z10°0 F 0€€°0
PE8FOILIT  STIFSTS SISUdLSUD
[Ls/LS] [9t/9%] ) . . snuanpsAy
) ) i (L1/L1] lovovl L6s  [L1/p8¥1 00000  [L1/1081¥10°0  [LS/LST €050
[1/esly S'L891 (TI8LI L'6S ] ) o ) ) ) ) ] )
) ) - - - B187-5L67)  (809-T6¥)  (9000-0000)  (€90°0-800°0)  (S09°0-1€+0) VIIED
O v0F0¥ —-8'€651) (8°09-T'6%)
LOSOFIIL'E  0TFTSS 1000 F2000  LOOOFSIO0  TEO'0F 8050
09v FSL89T  0TFTS
[s1/51]
[9/9] [s/s9l T1€ [s/s91z€o0 [s1/st]
[1/8s] ¢ 8'¢v8¢ (0'STIY
- - - - (Ttrs1-L5T0)  (I'IS+'6) - (901°0-020°0) (898 1-L¥6'0) € 1IED
L-0Ti+6¢ —-$'795¢)
9’0 FL890  1'8FS8T LIOCOF6E00  961°0 F8TH' 1
['2C1 F0°008€ HuupuLIYoq
[s1/51] snuovpsdy g
[s1/s1l [syeclvee  [st/ecl1eoo  [s1/881L00°0  [S1/ST1L8T0
[e91] ¥ 8'ev1€ (9°099¢
o - - - - #96'1-8%0'1)  (9's01-1'¢D)  (1£0'0-900'0)  (210°0-€00°0)  (L61'0-LLI'0) VIIED
01-081F8% —+'TH87) i ) ) ) i ) i ) i )
SITOFTIOT  9ITFSHE  €I00FTEO0  TOO'0F9000 90070 F 881°0
v 19T F8°991€
lot/otl €198 [1/v8]1 681 [6/6] [1/481 581 [1/481 500 [ot/01]
[votl ¥ . o ) o i
(66) £0 % 6°¢ (s'Lv6-8'6€8)  (0TS—L€) - - - (081'C+990)  (0TS—L€) - (0LT0-6100)  (SSE'1-€88°0) € 1IBD
69EFEYLS €01 F68I 8YSOF68TT €01 F68I1 6V00F 1L00  €ET0F6T0'1 A2JiuBs
(c/661] ¢ los/osl €198 [e/v6l 9ty [ogiogl oo [oz/ocl 90 [9/9] losstil Tsy losstilczoo  [-5/05] s6v°0 SnuaD]pSyd
(66) 70 0 (ross1—¢198)  (6€L-L80)  (298-0)  (1LF'0-80€0) - (980'c+26'0)  (€1L-0TT) - (S70'0-+100)  (6LS°0-€SH0)  V1IED
I'SOEFVPEIl  ¥8F¥vy  €YTFTLL  THOOFTIPO 10S0F8EST  S8FSLY S00°0FTT00  €£0°0 FIIS0
[z/el (To9rt [e/e] [z/ed [e/e] [z/ed
[1/zo1] € ] - ) - ) ) ) )
o =5'6101) (L'61-6'81) - - - ¢ (L'61-6'81) - (€50°0-150°0)  (S¥6'0-60L°0) € 1IED
(-9 007F0¢ ) ] o i ) i )
S66F 66801  90FE6I 90F €6l 2000 FTS00  L9T'0FLTISO
121qUI049
[08/08] [09/09] l6z/zyel
) ) ] le6z/62] ) l6z/eyel s000  [6T/1L2] 8600 [08/08] €€€°0 SnuavISY
lo1/L8] € 16501 (I'8LET 0%C ) ) €€ i ) ) ) ) i
- - - (90T'T-€55°1) o (6000-0000)  (180°0—L20°0)  (PLLO-61€0) VIIED
O voFI€ -1°7101) (T17-5'10) (8°07-L07)
SYI0FHb81 2000 F4000 01070 FOP0'0  €11°0 F 6240
8TSFSI80I  STFYET 6'1FSVT
Z spuegq J9MO
(zH) ) pied 1 (s xad) (s xd)
Jluouriey (s xd) A [enug AT [enug Adueurwo( (S) [eAIU] (s) uoneanQq (s) adAy,
Aduanbaay JAD JeuL] ey Iasing $9199dg
juguIIO( ey NAd e)pq uopodoig uonean( as[ng 10 IPAD  IS[ng 10 IPAD uonean( (&) €D
jueUIO( uon.aodoag 10 3KD)
Kduanbaay uon.aodoag

(penunuo)) 'z ATAVL

HEPP & POMBAL

20 - Zootaxa 4725 (1) © 2020 Magnolia Press



23vd jxou 21} U0 panuruo)y

[8/8] s'z8TT [s/sl1er [L/L] [8/8] 0zT0 [v/1€] 8°6 [¥/0t] 0100 [8/8]
[z/zsel 9 ) ) ] ) ) ) ) ) win
(9°5T€T-1'1861) - (Tep—00)  (L€T0+1T°0)  (09T0-9L1°0) ¢ (T08-$¥0) - (50°0-510°0)  (S66'0-6LL°0) V€D
-DLi=+8y snuovsAy g
I'SITF0°192¢ COIFSYE  OPOOFPLIO  LTO0OF6TTO 6T FI'Sh 0100 F €€0°0  L90°0 ¥ 198°0
[11/211]
[1j0zs] 9 [T/11] v2v8e ol [tiitloeyr  Liytilviso  [1/ttlocyo [6/6] 10T [6/0S1] $¥0°0 [11/11] b
— Wuwstvwsy) €00 (S¥90-087°0)  (1€5°0-9Lt°0) - (6'12-1°020) - (€L0°0-120°0)  (00S'I-SIT'D)  VIIED .
O-DTTFTY (Tze-6€1) Snuav]nsAy g
00 F ¥'TPST - TOTFECIE  €S00FSPS0  810°0 F864°0 9°0F 602 800°0 F LFO'0  €80°0 F SE€E'T
¥
[L/L] 8 eveT [evel ¢t [z/2] [z/2] [z/2] [s/s] [2/L9] 6£0°0 [L/L]
[t/Legl s smppjouoqp
(sLeve—8e6sT)  (1ze—881D)  (00-69%)  (L9€°0-LS€0)  (ThT0-6£T0) - (+'$7-8°€0) - (050'0-920°0)  (6TH'T-€€€'T)  VIIED
O-1DLOFIY Snuav]nsayq
6FVIEF660CC OEFSHL TEEFSET  LOOOFTISO  TOO0F IHTO 90F 9T 000 F0v0°0  TEO'0 F S8E'I
] ] [o€/0€] ) [og/€9¢] )
[se/8elTi8Ll  [og/ogl 91s [og/o€] [0€/€951 00070 [8¢/8¢€] sL€0
[1/s¥]19 (S9-+) 9IS 600°0 1jasudy
(T9S1T-5'2891)  (6°S8—1°9%) - - - (06€¥—€L0T) ($£0°0—000°0) (€6°0-68C°0)  VIIED
C8IFO6LI (6'$8-1°9%) (910°0-200°0) SnuaDDSAYy
SOSIFLLSST  LLFIVS ¥€6'0 FTTV'T LOO0F 11070 LEOOF ILEO
LLFIYS €00°0 ¥ 800°0
[e/g¢] loz/0T] L'Lsog [£/L] [s/s] [£/L] [s/s11l€c00  [oz/0T] L8S0 X
aDZoPUnULIIf
8 (611-1L)  (0°0€Te+'5882)  (S°€€-697) - - - (11€'7-678°0)  (S°€€-697) - (8L0°0-810°0) (696'0-6£€°0) V€D
snuansAy g
SIIFTE6 S6ITF8PHOE  9TFTIE S090F60ST STFCTIE LOOO F€€0°0  +FI'OFSILO
[1/¥1 589
[1/¥€l €
[1/11 €198 ($'89-1"+S) - - - - - - - [1/11¥sz0  d1red
(S0 90Ft€
89 F 8¢9 an.1a.40ut
(/18] b [L/L] 6501 [£/L] [£/L] [£/L] [L/6v1] €000 [£/9S11210°0 (/L] Snuav]nsayq
P (6'8¥T1I-TSLL)  0'9%—1'8€) - - - (908°'6-2L0'y)  (09v-18€)  (600°0-C00°0)  (E€1°0-€00°0) (L9S'0-661'0) V118D
— +
S9ETF S'LTOT 9TFVTY WRTFTY  9TFVTF  TOOOFS000 LIOOFGIO0 £€T0°0FTESO
[zi/zil 18Lel [9/9] [9/9] [9/¢5€1 6000  [9/65€]1 80070 [zi/zt]
[1/8s1c snoyu|Iy
(I'8LET-SLY6) - - - - (eves—L6Le)  (L8P—L9%)  (2€0'0—+000)  (190°0-+00°0) (LLET—960'T) VIIED
(cDs0FvT snuanpsdy g
LOLT FS°TSTI TITEFELS'S LOFSLY  v000FTIO0 900°0F 6000 #80°0FSST'1
spueg J9M0|
(zH) WA (s 12d) (s 12d) (s) (s) uopeanq
JruouLIe (zH) £>uanbaay (s 1ad) A [enrug Kdueurwoq (s) uopeanqg  adAj,
[enmuy e)pPq JAD [euL] ey ISing  [eAIdU] S JIs[nd 10 FEIRETIN
jueuImIo(q jueuIIo(q ey NAd uon.aodoag uoneanq mneD mneD
Aduanbaay uon.odoag 10 LD 10 3LD LD
uonaodoag

(ponupuo)) ‘7 ATdV.L

Zootaxa 4725 (1) © 2020 Magnolia Press - 21

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



23vd jxau 21y} U0 panuruo)y

[LyyT/Lpe] [zs/zs] [LyyT/Lpyel
[zs/zsl eseo  [esreslczeo
[91/08] 8 (01 6'9%0¢ 89~ §20°0 DpDI1O
o ) ] - o (LTs0-50€0)  (96£0-€H1°0) - - - - i . VI
“LLO0OFTI8  ($T95€-T90r1) (8'97-8'9%-) ] ) ] ) (L¥0'0-+0070) snunISAyd
850°0 F80F'0  LYO'OFHICO
0°0LZ FTTSIE 80T F8'LE- €00°0 F LZ0°0
[vT/vel 87€v8 [vewed Lee  [voped cooo  [vowel 1250 [vTvel 02870
[z/eotl ¢ ) ) o ] i ] ) . i Lyosyf
(8°¢H8-8°¢8) - (Le6-L€67)  (9€9°0-0S5°0)  (0LS0-18+°0) - - - - (0$8°0-S6L0)  VIIED
(T 00F0T Snuav]vsay g
00 F8°¢r8 CI9F 06  1200FT6S0 12070 F$TS0 ¥10°0 ¥ 9280
] ) ) [81/81] ) ) )
[81/81] €'818 [StLvl Lt [81/81] T'ew [81/81] ) [81/Lv1l €T [81/Lv1lsv00  [81/81]1861°0
[erveed 1 W6v°0 4ofiddiydo
(I'Lz9z—¢818)  (90e-661)  (T98-T'cy)  (9150-€TH0) A (€°09-8'81) - (€50°0-L10°0)  (€2S°0-99+°0) V1D
O-DeTFIE (12$°0-59t°0) Snuav]vsayd
L'€E8F LOTE] I'TF9CC  0TTFOLY  STOOFOLYO S9FSST LOOOF 1700 ST0'0F 1050
€100 ¥ 00S°0
[Ls/LslTsLL [Ls/sloo  [Ls/Lslocoo  [ss/sslosto [L$/LS198T0
[zl 1121412
(TSLL-1'689) - (rev—1evr)  (91L°0-9050)  (€29°0-80+°0) - - - - (11€°0-LST0)  VIIeD
@D 10701 SnuDDSAY
€STFCOSL CITFOE  SEO0F9I90  0v0'0F 9SH0 €10°0 F 1620
[9/zzi] [L1/L1] €5yt [L/ctleor  [ee1loceo  [L1/L1l9gg0 [L1/L1]sT1H°0 [
81 (1) (0°00S1-C'90t1) - (8'¢6-00) (0¥ 0-87€0)  (+0O¥'0-8TE0) - - - - (0SS°0-+v0v"0)  VIIeD
snuanypsAyJ
SSFYTI TEEFI'ESHT VLTF98E  TTOOFSSEO  TTOOFSSE0 SS0'0 F 2610
[o1/01] $7290T [o1/01] 070 [o1/01] lo1/01] [o1/01]
[z/60€] 9 Liodo.Ly
(T'9S12-$'7902) - (L¢6-00)  (1s'0-98¢0)  (0L¥'0-SS€°0) - - - - (6SL°0—€L9°0)  VII®D
OE1IFST SnuaD|DSAY
96T F6'1L0T ESYFI8C  6100F60F0  8TO0FHIY0 €200 FSILO
[s/s1 ¥ s88C [s/sl ey [s/s] [s/s] [s/s]
[z/152]9 avyL2
($'8T6T—+'T¥87T) - (Ievr=s10  (0SS0-+8%'0)  (SLS0-91S°0) - - - - (996°0-8L¥°0)  VIIeD
L1D61FLY Snuav]nsAy g
6'1€ F L'688T SIIFT0E  6200F IS0 €200 F I¥S°0 9€0°0 F 6€S°0
[ey/zv] 1'8LsT [ey/erlgor  [evevloilo  [Th/ek] 16v°0 [2h/zr] 0820
[z811l s suo.fiqp
(6'1L9T-S'LEVT) - ©or1-00)  (6180-909'0) (LI1S0-92H0) - - - - (L6T°0-€9T°0) VIIED
(6DITFTS . i ) ) . . SnuavDSAY
9'TS F9°ELST YTIEFYTH  6S00FETLO €200 F 69¥°0 800°0 F £8T°0
spueyg JI2M0
(zH) INA purd 1 (s xd) (s 12d) (S) [eAIU
JluourIey (zH) A>uanbaay (s xad) A [eniug Adueurwo(q (s) woneanq () adA],
[enuy ejppq JAD [eulg ey Is|ng Is[ng 10 saadg
jueuIIo(q jueuTmIo(q ey NAd uon.aodoag uonean(q Is[ng 10 3PPLD uonean( (&)  [1BD
Aduanbaay uonaodoag 10 3L LD
uonodoag

(ponupuo)) ‘7 ATdVL

HEPP & POMBAL

22 - Zootaxa 4725 (1) © 2020 Magnolia Press



23vd jxou 21y} uo panuyuo)y

[oz/02] $7066 loz/ozl oo [oz/oz] L690  [0z/02] 0TS0 [oz/oc] LeL 0
(r/81L]1 SISUaPUDAZOLL
(9°€€01-S"LY6) - 0'¢t—00)  (0SL0-5%9°0)  (8%9°0-€9t°0) - - - - ($€8°0-1690) VIIED
(I-D00F01 snupDsAy g
€STFSSL 8SIFS9  8TO0FTYY0 800 F 0TS0 SE€0'0 F08L°0
[s1/6€1]
[1/0z¢] [ez/eed LTeLt [S1/6€1] €v1 [ez/ea]
€yl 1s.42fjo
21 (61-6) (F'€L8T-6'TLST) (I'€T=St) - - - - - 1A (LEST0ESE)  VIIED
(I'ez=sv) snuanpsAy g
60F611 9°€6 T 6'6391 9EFOII SICOFLLIY
9EFOTI
[1/111] [sz/scloosLt [sz/ge1l 179 [eivLl o [evLl sero [sz/se]
D3LISLIDID]
01 (£1-6) (8°¢H81-8°€6ST) (€YT-0%) - - - ¢ (I'1z—¢¢) - (€0€°0-Lv0°0)  (OPL'€0EET)  VIED
snuppsAyJ
LOF86 '8y F L'SYLI L1FVL 6TF0°8 vP0'0 F8ET'0 8670 F €88°C
[1/10€] [Le/L€] T°0L9T [l (/L] (Ll var [secl 800 [L/zov] 6€0°0 [Le/Le] —
6 (6T1) (T906T-1'L290)  (STI-T°11) - - - Uy 1+90'D)  (STI-T'TD)  (0L0°0-€00°0) (£L0°0-€20°0) (TEY'S—HTL'E) VD .
snuppsAyJ
9IFEC6 L'ESFLVLLT TOFCII PPTOFSOPT  1T0OFCTII  8000F 8700 LOOOFTPOO STSOFHToY
[1/651] [8/8] s'LevT [8/8] [/t] [8/8] [o/Lzel sTo0  [b/ec€]l 850°0 [8/8] orof
L(S1-9) (8'89vC—8'¢€ver)  (4'€1-$°CTD) - - - (609°7-169°0)  (F'€1-$2)  ($90°0-110°0) (TET'0-010°0) (0T6'+—+$8°€)  VIIED §s¥.§ fud
I'IFSL 10V T L'6THT €0FS8TI 8E80FLOET  €OFSTI  0I00F0E00 OI00F8H00 6IF0FIIEY
[ot/01] T'1€0T [¢/59] '8 [e/s9l6110  [o1/01] LETT
[z/8z€l 9 ) ) ) i . ] . . . snuxoul
(T'1€01-0°0001) A - - - - (991-6'9) - (PP1°0-090°0)  (OFP'T—L88'T) VIIED
(6-€)60F09 snuav]vsdy g
€Y1 F L8101 6'1FC01 8100 FTOI'0  [LI'0F00CT
[¢/€] [¢/02] [e/rsl 691 [e/vs] 65070 [e/€]
[1/06v] ¥ ) ) o ) ) . ) . . . 1524p0Ss
(L'LSOE—8¥SHD)  SS(69-6F) - - - ¢ (€1¢-1'8) - (€210-2€0°0)  (8YL'T-L6S'T) VIED
L 90Fsy snuavpsAy g
€'9EE F ¥ TH8T SOF6S 67 F 091 610°0F890°0 6L0°0F 099'[
[es/esl TigTe [ee/eclste o161l czeo  [ee/g€l 19570 [es/eslozzo
[zertlt 12.441M8D
(0°SLEE—TSLL) - (L'L01-00)  ($5€°0-962°0)  ($T9°0-TTS0) - - - - (LETO-6LT0) VIIED
O-DITFTIE snuav]vsdyq
09001 F €'8LST TTCFLIY  SIO0FLIEO LTOOTF TSSO 110°0 F 1220
Z spueyq J93MO0
(=) pard 1 (s 1ad) (s 19d) (S) AU (s) wonpeanq
JruourLIey (zH) A>uanbaay (s aad) A [eniuy A [eniuy Adueurwo(q (s) uoneanq  adLy,
JAD [euL] ey Is|ng as[ng 10 as[ng 10 FETRELIN
jueuIIo(q juguIo(q ey NAd e)pq uopodoag uopean(q neD nen
uon.todoag 10 32K PAD PAD
Kduanbaay uon.aodoag

(penunuo)) 'z ATAVL

Zootaxa 4725 (1) © 2020 Magnolia Press - 23

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



ezl [ev/er]l 8ever  [9leLt  [ovorl 89r  [ov/0v] 9¥T0 [ev/er] [9/9] [9/9]1 €61 lo/zs1l0 [9/881] €200 [et/er]l vOL'T P—
(S'LevT—6'65S)  (6'TT—¢91)  -(0-L€67)  (10€0-161°0)  (€49°0-1s+'0)  (€09'¢-8¢H'1) (6TT—¢€91)  (Lb0'0—0000) (SH1'0-S10°0) (196 1-086°0) V€D . )
(9o-DzTTFEE snuDpsAY g
619Y F901TC  6TFS6l  9ETFSHr  9T00FSSTO  THOOF TS0  €T80F979C 6TFS61  0I00F6000 FIO0OFTHO0  I€1°0F 8891
[cz/ee] eesit [cz/eclo [cz/ea] [cz/ea] [czcelsiLt
[1/862] 1 101440q
(0'¥8ST—L'ELY) - (I'ev—198)  (65t°0-6v1°0)  (LI8'0-€SE0) - - - - (8¢0°C—€Te' ) VIIED
O-D¥0F01 snuDpsAY g
1'208 ¥ I'¥191 SYEFLII-  LOI'OFO09E0  LTI'0F TSSO 991°0 F089'1
[8¢/8€] To06T  [8/61118'8 [8/8] [8/8] [8/8] [oc/ctil vo [o1/82] €01°0 [8¢/8¢]
[z/zos] ¥ 1)S1]23UDAD
(T906T-5°299)  (S11-9'L)  0(9'12-0)  (L£S0-SLT0)  (S8€0-TTE0) - (S'11-0'8) - (LTI'0-6L0°0)  (8SET1-9L6°0) V€D
O-DLIFTE SRUADIDSAY
L8V F1'61LT 80FT6 9LFLT SLO0OF60V'0  TTO'0F89€°0 LOFE6 I10°0FLOI'0  €01°0 FO61°T
(111l L 11vot [s1/s1] [L/L] 158 (/L] [11/11] [z/0s] 092 [z/05] 8€0°0 [11/11]
[zv19l ¢ 1051]
(8'¥S¥z-9's7€0)  (€0T+'9) (1'98-0) (€01°0-6€0°0)  (b€+°0-T8T0) - (Tor—L€n) - (€L0°0-220°0)  (L66'1-L96°0) V€D
(Ss0FLY Snuan]nSAY g
9°0v F9°STHT SYFITIL  STEFESS  6I00FIL00  LYOOFSLED €LFIST IT00FTHO'0  8SE0 F €9€'T
[oz/0z] T0L9T [ozoodd 1¢v lozozl zsy'o  [0z/02] 0950 [oz/0z] sTs0
[2/992] ¢ 1719048
(T9SLT-€0112) A -(00-1¢)  (909°0—F€t0)  (095°0—20€0) - - - - ($96°0-15¥°0)  V1IeD
LDr1F97 SnuoD] sy
¥81TF0TI9T ['TCFOIT- €400 F00S0 T80 FS9H°0 620°0 ¥ 0TS0
[o1/01] 1°L29C [or/01] 0°¢y [o1/01] [8/8] [ot/01]
[z612111 WNAOZLLADD
(I'L292-1°60t) ¢ 0¢r—<s17)  (107°0-871°0)  (2L9°0-890°0) - - - - TIT+-09¢7)  VIIED
O-D6T1F0T SnuDDSAYJ
YLI0T F T 6681 VIZFP6l  1600F1STO  LLIOFIEF0 1990 F916C
[oz/02] 6°0%ST [oz/0T] 05€°0 [oz/07] [oz/0T] vS€°0
[e/8szl 1 snu1dafvjuns
(I'L29T-L€LY) - lozozloo  (18€°0-L8T°0)  (995°0-66t°0) - - - - (SLE0-0€€0)  VIIED
O-D8IFET Snuav]nSAy g
L'THO1 F S'6v91 Y200 F6£€0 8100 F6CS0 T10°0 F TSE0
[czeT] 9618 [czedl ooy [cyerl ssy'o  [ezced €sv0 [cz/eT] v68°0
[z/8v1] 1 SNIDAOULIDU
(9°S16-9°6T1S) - (8¢6-00)  (1S9°0-€L£0)  (LLYO-¥EY0) - - - - (8€6'0-+19°0)  VIIED
(I-D00FO01 Snuav]nsAy g
0F9°6IS SYCF69F  SSOOFFIP0  990°0 F €S0 €90°0 T9L80
) [81/81] ) ) )
[81/8110°9¥9 ) [81/8116050  [81/81]18€5°0 [81/811L19°0
[aprel 1 00 SN.23110351]19
(0'9v9-6'209) - (695°0-tcy'0)  (929°0-09+°0) - - - - 0v9°0-9%5°0)  VIIeD
O-D6TFOT ©0-1°¢p) Snuon]vSy
S91 ¥8'8€9 0€0°0 F60S0  THO'0 F €5S°0 €200 F€19°0
¥'81 F9°6
spuegq J19M0]
(zH) WA (s xd) (s 1ad) (s) (s) uonean(q
druourie (zH) Aduanbaay (s xad) A 1eniug Adueurwo(q (s) adAy,
enuuy eypqa O—Q%U [eurq ey Is[ng [eAI3)U] Is[nd as[nd 1o mvmuonw
jueurwo(q jusurwo(q ey INAd :o_uhomo.-m uonean(q uonean( [en meD
Kduanbaa g uon.aodoag 10 3L 10 3L LD
uon.odoag

(ponunuo)) 'z ATAVL

HEPP & POMBAL

24 - Zootaxa 4725 (1) © 2020 Magnolia Press



23vd jxou a1) U0 panuruo)y

loz/0z] $9€°0 loz/oz] 88121 loz/oz] loz/ozl Ts8L loz/oz] loz/0z] loziozl veeo  [wsLl 1eor S
(zer0-L0€0)  (S0€T1-0'L0TT)  (SLY'S—9%0°S) ($°5$8-7959) 0(Tse-0) ¥ (S—) (96v°0-95T°0)  (4'LTH—L'S8T)  VIIED E——
0€0°0 F¥SE€0 6'LF 67T 8II'0F€LTS T6b T IPSL 001 T67TI SOFvPY  SLOOFL6SO 09y FLLLE
[og/0€] 88€°0 [og/0¢€] L'66¢€T [og/0¢] [oc/0€] 6'65¢ [s/s] [11/11] [¢/1€9] 8'801
[o1/01] (sT1-0) undDUIDI
I 0-14€0)  (TLI9T-T'8LED)  (06¥'9-SHTH) (9°S9LT-8'91¢) 11 (21-6)  (188°0-9.9°0) (6'¥89-S'SLT) VIIED
L'SEFLYS snupvsAyJ
S100 FSLEO 6L T I'SLYT 5060 F SE6'F ¥'16T F $°S69 I'TF900 LSOOFTOLO  919FLLOV
[o1/01] [or/01] sTI€T [o1/01] [ot/01] 9°sT01 [or/01] #70LT [9/9] lot/otlzioo  [9/0vc] L6cT
($€9°0-L0€0)  (SLIYT-8'81C0)  (9LE£9-189°C) (8'817T-8'¢v6)  (4'65€-T9ST-) ce (be—€0)  (810°0-£000)  (I'9S€-9'Ty)  dIED
LOT0 F8F1°0 S'SLFE0TET 0020 F 2019 ¥ 1¥S F LHOET YOLT F €951 TYFSOE  €000FTIO0  SLSTF8TI stisadn.
[81/81] [81/811 0°052C [81/81] [81/81] 1'828 [81/81] €828 [g/811811°0  [81/L¥1]1S'18C snuav]vsAyq
QLY0-7610)  (61TvT6'TL1T)  (0SL'S-1LTS) (T1€ST-6218)  (6°9¥S—T'€0LT-) - (087°0-580°0)  (8°6£4-819)  VIIED
0800 F 2870 €59 F L'Y0ET LTIOFTLS'S Y91 F 1116 €'87S F+'9S 9S0°0FS9I'0  L'96 F9¥TT
[L1/L1] $sT0 [L1/L1] 88121 [L1/L1] [L1/L1] 8°¢v8 [L1/L11 2959 [L1/L1] [L1/L1l9L60  [z/101] 1681
(¥95°0-L80°0) (F'6S€1-5°L£6) (6LE7-99T°€) (T1€01-5295)  (6'96L—L0FT) 0z (02-9)  (886°0—€2L°0)  (I'9LE-T'LOT)  dT®D
910 F 2620 9LELFHLLIL 08€'0F6L8°€ 6'LET FT'SO8 G181 F0°9%S LYFEEL  T900F8Y60  9SOFI'LYT so.y1di2
[8¢/8¢] 66£°0 [8¢/8¢] €411 [8€/8€]1 6509 [8¢/8¢] T°TT0T [ov/0v] [8¢/8¢1209°0  [¥/zal Lv9€ snua]psiyq
(I€¥°0-15€°0) 6'sozi—L6111)  ($169-5L9°S) (¥'8¥€€-5°066)  0°0(STT-L06T - (¥69°0-58€°0)  (9°L6€-8'+01)  VIIED
720°0 F88€°0 L'LTF10SII 90€'0 F €19 0°SS9F98SLT ) 6°9% FE VI~ 1800 FSES0 8501 F9'84CT
[9/9] lor9 0'szrT [9/9] [9/9] s'29¢ [v/vl 0'sLe [or9] 001 [9/9] [z/v01] €91C
(99%°0-207°0) (szrgr-oszin  (€08°€-60v7) (T90%1-57299) (£'959-+°L81) 61-01) (096'0-081°0) (F'LI¥—6TC) d1ED
801°0 FSEE0 6°€8 T881TI 09%°0 F L8O'€ 9'17€ ¥ 1'8T8 €€61 FH'86€ SEFTEl  €TEOFSSO0  S09F86ET SLU2AY NIV
los/os] 12270 [os/0s] L9LoT [os/05] L£9 € los/os] 1'zEL ol 1er- [ez/ea] [os/0s1 6890 [e/18]vviT snuav]psiyq
(81€°0-591°0) (6'8vc1-9'¢c01)  (ThOv—1TS°€) ($°€651-99) (1'98—¢'CLT-) (8-¢) (S6L°0-€79°0)  (+'887—0°¢61)  VIIED
S0°0 F 0¥T0 1'€8 FT6CI1 €01°0 F 08L°€ 1'20T ¥ T'ST8 8G9 ¥6'9C- CIFE9  SE00FTELO  THIFYSIT
[1¥/1+]1 69270 [19/1+] +'+86 [19/1%] [1v/1¢] 6' 1T [19/14] [8/LL] 06€€
[szstl (0-8°¢€6 142.42130U
(00€°0-661°0) (F'¥86-1°€0L) (08L°7-895°7) (8'89v—6"1Ch) - (L91'0-690°0)  (0°L9¢—L'8IE)  VIIED
D UETFIEh snuaDpsAy g
TT0°0 F¥9T°0 68V T0ELO 9%0°0 ¥ 899°C CLFOETY YO0FEI0 601 FLPES
1 )
(s) (zH) Aduanbaay (zH) 1eD BIR_da 3y} jo Suruuidag SIILD uonisod yead adAy,
(syq) Adonyuy  (zH) Ypmpueg AKduanbaag LEIRETI(N
uonaodoad YOI IU)D Aduanbaay JdquinN apmdury e
[ejuduwepun g
uon.aodoag
(panunuo)) 7 ATAV.L

Zootaxa 4725 (1) © 2020 Magnolia Press - 25

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



23pd jxau 2y U0 panuluo)

[o1/01] [o1/01] +'+06 [o1/01] 629°¢ [o1/01]1891¢ [o1/01]19'%9 [o1/01] [o1/01] [ivorl eree
(08%°0-8¥€°0) (9°€£01-6'288) (€91 +915°¢) Fro6-¢s6v)  (8€61-'85T) - - 01 (¥2-01) (196'0-1€5°0)  (6°S0€-L'S61) € 1ED
SE0°0 F 010 S'8S ¥ L'9€6 8810 FOIL'E 9°9Z1 F 1°S09 6°LTI F8ST 6V FTYI I0FIL0 O TTFHEET 12f1ud1s
log/o€l #1€°0 lo€] €198 [og/0€] 86€°T [og/0€] sve [og/0¢] [9/9] [oc/ocl 0180 [e/66110°C8C SnuDDSAY J
(8L€°0-L0E0) (F'v06-€'198) (I116°T-LS€0) S vre-svbe)  00(T98-00) - - 7T (FT-00) (988°0-18L°0)  (0'¥6T-0°081)  VIIED
€20°0 FLEEO 6'LFL798 1€0°0 FS1¥'C 00 F Shhe CYTFTLI Y1FL1T 9200 FLE0  6TI FH'I8T
[z/a] [z/2] [z/2] [z/2] [z/2] (2l [z/e] [1/z01] 0'THe
(€1€0-9870)  (€0LST-T1€0D)  (EH8'S—LEGE) (s'0861-8+%1L)  (£€T-SL81) - - (1) LS 7L (Itro—+1z0)  (€0Se-€°L0E) € IeD
610°0 F 6620 T 18€ F8'00€1 8Y€' T F 068+ 0568 F L'LVEI I'€€F6°01C LYT'0F8IE0 ¥'6F 6°S€€ 121quI01>
[08/08] ¥$+°0 [08/08] 1°5S1 [08/08] 05¢°¢ [08/08] 1°60t [69/69] [09/09] [zeizel v180  [o1/Ls] €89¢ SnuDDSAY
(805°0-L1€0)  (S€1€1-1's501)  (0ET+-060°€) (0'9%9-1°60%) 0y (1'98-0) - - 6 (81-L) (988°0-6870)  (F'06v+'€ST)  VIIED
9€0°0 F 6740 679 FSTOII 1LT0F € 0vS FTYEY 0CTFLEE 9TFI6 ESTOFBEY0  H'ETFH99¢€
[9/9] [9/9] s°¢6S1 [9/9] [9/9] 1°689 [9/9] s 10¢- [9/9] [e/191] 8'69C
(66v°0-LLE0)  (S9€9T-+0SST) (061" €+6LT) (S'L¥6-09%9)  (T6TI-L'ELY) - - - (L€6'0-6¥00)  (I'SOP—9°SH1)  dIeD
8%0°0 F V0 vTEF €9851 6STOFSHI'E TITF609L  S661F ['vhe- 0TE0FIIS0  L'6EFT06T 1231u1ds
[1e/1€] €9€°0 [1e/1€) szien [1e/1€] 8eve [1e/1€] s7298 [141] [9z/92] 8€8°0  [e/psel Lzoy SnuEDIDSAY
81¥°0-62C0)  (S9€91-8'7911)  (SOT€-TLTT) (£818-L¢Ly)  8€6(8€6-0°0) - - - (086'0-€80°0)  (0'819-€¥bT)  VIIED
SH0'0 FOSE0 9Ly FE'8SET €970 F065°T SLOT FT'L6S TS8P F9ES WIOFIVLO 605 FT6LE
# # # s # - - # s # o] 1Le]
[9/9] [9/9] 88081 [9/9] [9/9] ¥'+06 [9/9] [9/9] [€/29] 5'88¢
(LEE'0—+8T0) (6'1S81-L'TTLT) F10+-€06'0) ($°066-1689)  (8T911-1'98-) - - - (¢e8°0-v29°0)  (S¥Sy—€L8)  dIED
6100FCIE0 TLY ¥ 88081 W0 FST9°€ 8°LOT FL'SLS 097 F 1°99€ Y800 FITL'0  T'€6 F6'90€ snupu
[s/ocl T 101 snuav]vsayd
[12/12] [1z/12) sr6€CC [12/12] [1z/12] 6°65S [oz/02] [1z/1ed LeTo
[1z/1ed s (02801
(L15°0-60€°0) (8'¥S¥T—5'6£C0) (180 +-10€°€) ($9€91-+'850)  0(198-1'98-) - - (1L£°0-€61°0) VI1eD
(L=9)90FS'S —6'919)
1L0°0 F 61%°0 9°TS F9°987T TLI0F6I8E 9°7TS F €786 ['6SF €Y €500 F £92°0
TSI FT€66
[LT/LTl ss€0 [L2/LT) 79591 [Lz/Led ecrs [Lz/LT) 6'96L [Lz/Lel 69t [Lzredveso  [ewLl sory
[LzLddy SNIDAOLIT
(Lz90-66T0)  (S'L89T-T18C1)  (STTS—€16F) (0°5L8-6'9%S) #'601-529-) - - (€£9°0-19¥'0)  (#'T6S—€8LT)  VIIED
COvoFIT snuav]vsiyd
6500 F 6L£°0 8'GLF 9991 LSOO FSET'S 9°0L F €6SL 10 F €5€ 0S0'0F9¢S0  €0LF9+0b
(zH) ed (zH) 1eD AW e
(zH) (zH)
(s) (zH) A>uanbaay dyrjo puy  Jo Suruurddg SIAD uonisod yead dAT,
(syq) Adonyuyg (zH) WpImMpueg e vipda Kduanbaa g FEIRETIN
uonodoad YOI 19U AKduanbaa g Kduanbaa g JdquinN apmpduwy neD
Aduanbaay [ejudwepung
juguIIo(q juguIIo(q uoptodoag

(ponunuo)) 'z AIAVL

HEPP & POMBAL

26 - Zootaxa 4725 (1) © 2020 Magnolia Press



23nd jxau 2y1 U0 panuiuo)

[8¢/8€] €8€°0 [8€/8€1 0°5L8T [8¢/8¢] [8¢/8¢] 8°€651 [8¢/8¢] [og/0€] [8¢/8€lceso  [8€/8€l T'I8LT I
(FPL9°0—€vE0)  (8'8961-TI8LD)  (T68'€-000€)  (TISLI-8'€F8)  0°0(€18T-9°L8] - 61 (1€+1)  (6¥6°0-19€'0) (T9SIT-SL89T)  VIIED J—
TLO'0 F 8TS°0 8°0S F T'L6SI 6610 F¥8F'€  0TTTFISSHT  -) €011 FS6€ 6TF86l1 TOI0FLOSO  SOET FLLSSI
[oz/ozl €120 [oz/0T] $°8T6T [oz/0z] [oz/0z] 85T [oz/0z] 8916 17115260 [02/0T] L°LSO0¢E )
(9€8°0-s¥1°0)  (L'LSOE+'$880)  (T89'€~L¥SD)  (L'E€LP-T6TT) (TsLL—€TLn) - (L1 ezo) (9£6'09€8°0)  (0°0€TE+'$880)  V1IED e
1'9F 0T SnuaDDSAY
8S1°0 F €670 109 F TTS6T 0LS'0 F¥TH'T 1'C6 FL'81¢€ S'LY1 F 6L LEOOFSIC0  S611F8HH0E
[1/7€] ¥'78C
[1/1]Lgs0 [1/11sLy6 [1/119s¢°¢€ [1/116209 /1l geLr- - - [1/11628°0 (€965—+'161)  d1eD
€L9F €8T av.ia.10ul
[L/L] [L/L]19°€€01 [L/L] [L/L] 6685 [L/L] [L/L] [£/L]182S0 [z/18] 6'7€C snu]sAyd
(6s€°0-L1€0)  (9°€€01-5°066)  (9SL°€-685°€)  (6T09-6'6SS)  1'ev (1'98-1°¢H-) - vz (be—61)  (I11L°0-0¥7'0)  (8°06€-0'6¥1)  VIIED
S10°0 F SYE0 0°€CF I'SI01 ¥50°0 F959°€ 01TFTTUS 09 F 69€ 6'1F97TC 880°0 F 6£5°0 LYEF6PET
[c1/z1l65€0 [z1/z1] 675021 [c1/zt] L96'€ [z1/z1] 6209 [z1/et] [9/9] [zi/et] [1/8s1 615t —
00v'0-65€°0)  (6'8¥T1-8'T9I1)  (ST10%—988'€)  (0'9¥9-6'°09)  0'¢h (€TLI-0Ep - 19(L9-€S)  (€85°0-98%°0)  (8'S9¥9'8LD)  VIIED P——
SI0°0 F9LED 8'8T F €70T1 8€0°0 F 65S6°€ STTF ST ) 8Y9F L9 LY 865 €€0°0 F 92S0 STEFOEHy
[er/gt] [er/etloseln [er/gt] [€1/€1]1 8891 [er/et]l9opt [€1/€11L98°0 [1/4slocce
(POv'0-€5T0)  (9°69T1-1'8L01)  (809'C+0€T)  (8'89%-0°SLE) ('+€20°0) - - (L98°0-0L90)  (F6LV—THO1)  d1ED
LS00 F 0TE0 TISFYSEN 601°0 F 6£7°C 8'0F F 6°6¢F 859 FHecl 6L0°0 F €8L°0 SYEF6'SIE sisua13up
[Ls/Ls105€0 [£S/LST90v91 [Ls/LsT ozt e [Ls/Ls19s1S [8¢/8¢] [9%/9%] [ss/sslerLo [1/€s18s1y SnuaDosAy g
0Ly'0-9910)  (s7L891-8'€6S1)  (bLTE-T8ET)  (I'€0L++€D) 00 (4'HET—69-) - 0€ (be+2)  (1160-8650)  (1'9¢P-T'€0E)  VIIED
790°0 F S9€°0 9°EEF I'EP91 €STOF900C  F8TIFI'L9Y L'L6F08S I'TF6'6T  0LOOFHILO L'6TF 690
[s1/s1] [s1/51] 8 €¥8€ [s1/s1] [s1/s11 52891 [S1/51]1 8891 [s1/s1] [S1/5119%0°0 [1/8519208
(855°0-5020)  (5L£6€-005LE)  (681+—1€L°€)  (SLEVS—000ST)  (8°'89F—0°0SL-) - 6c(8c-170)  ($11°0-2000)  (1'1991-T1'4TS)  d1ED
660°0 F #¥€0 LSS F8'818¢ SOIOF6r6'E  SLIIIFOSIET 09IV FSLE EYFOLT  YEOOFSSO0  9ISTF 8886 nupuLLYOq
[st/stlvero [st/stloogce [st/s1] [st/stlocect [s1/s1] [s1/st] [st/stlsyLo [e/91] SnuaDDSAY
(905°0-+vC0)  (T6s€€—6'981€)  (TSes—Lsy)  (I'8LE1-8'T9ID)  0°0(1°TEL—0) - 9(9-¢9) (85L°0-799°0)  (S'80¥1-0'€8C)  VIIED
7600 F 01770 0TS F8'S5T¢€ 6TTOFSTOS  SLSFS08TI S'LOTF T8IT vOF6'S 6200 FYILO  €08TFHSLL
(zH) 1eD 2w e
(s) uonaodoag (zH) Adudanbaag (zH) (zH) 1eD Jo Suruurdag SIPALD uopisod yedd (zH) Ldudnbaay  adAy,
(syq) Adonyuyg sa10adg
AOI 19U Ppimpueg )P Adudnbaay  Adusanbaag Kduanbaa g JaquInN pmjdury [e)udwepun neD
jueUIwoq uontodoag

(ponunuo)) ‘7 A'TAV.L

Zootaxa 4725 (1) © 2020 Magnolia Press - 27

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



23nd jxau ay1 U0 panuiguo)

[Ls/Ls] [Ls/Ls]
[Ls/Ls] L6170 [Ls/Lsl 1zeL [Ls/Ls] €LoT [Ls/LS] 85T [Ls/LslTsiL [ss/sslooco  [z/ziil 9409
09%9 0°8¢61 L2141
(8€T°0-691°0)  (TSLL-1'689) (19L°C-6107) (T6T1-—1'85C) (T'SLL-1"689) - (IsP°0-v€€0)  (§988-8°90S)  VIIED
(1'7€L-6°65S) (0'8€61-1°S€€T) SnuaD]DSAY
€100 F L6170 TOEF6'SEL SITOFOPIT 1'8T F €0¥C- €STFECOSL 9Z0'0 FILEO  L'901 F 1°6¥9
€1v ¥ 1859 CEITFSPLI
[L1/L1]
[LyetlogTo  [Lr/L1]vesel 0s6c (L1211 8°¢p8 [1/L1] Lyl vesyr  [L1/L1]1§7298 [L1L1le6syo  [9/zTil o001 R
(z8T0-1€7°0)  (T90HT-S'TIED) (s'L€6-6'96L) 89t~ (0'0-8'¢6")  (0°00ST-T90¥T)  (STIS—8'89%) - (9€5°0-92+'0)  (I'TTI-S'SL)  VIIED )
(L907—518°¢) snuovpsaAy g
SIOC0FTSTO  LTTF6HIET YOy T I'vLS 1'SEF 961~ TEEFIESHT 9¢y FTTES 9200 F 08%°0 8EIF6€6
090°0 F956°€
[ot/01] [ot/01] T9s1C lot/01] [o1/01] 52891 lot/01] 5281~ [or/01]0'sz9z  [01/01] 8°89% lot/otl 110 [T/60€] 6'CSH ooy
($€0-92€0)  (0°0STZ-52907)  (6£0°€-006T)  (0°0STT—8'€6ST)  (SL81--SL8T-)  (0°ST9T-8'€v€T)  (8'89v-8°891) - (0ST°0-L0T°0)  (9'T19-€99¢)  VIIED 2@&% fug
6000 F I¥€0  €€9F ¥ H8IT SPO'OF I86'C 97961 F €90LT 0FSL8I- 1'16 F 1'8LST 07889 €100 F0TT0 999 FS'¥8Y
[s/s1s1€0 [s/sl8LLLT [s/¢] [s/¢] [s/s1 6°9¢2- [s/¢] [s/s] 6656 [+/+] [z/152] $+€9 ooy
(ST€0-6970)  (£66LT-55097)  (bLEVTI6E)  (T9SLTS6£C0)  (TTLI-—69¢€T)  (0°0€T€-0'L067)  (S'4T9-6'65S) - (€25°0-SL¥'0)  (€TH9-€LOS)  VIIED @xsms.a fug
0200 FS6T0  T'6LFLYELT TLIOF 601y SHTTF TSHST YSETOTIT CEETFLEIIE $'SEF L'S8S TWO0FH0S0  L'E€9FEC6IY
[evrevl ceco  [ev/erl 1°8LST [zh/ev] 808°¢€ [zh/ev] 9°06€T [zh/ev] s L81- [evrevl 1815t [Tv/ey] 1°8L01 [eh/evl 98v'0  [z811l T'ses suasfig
(1970-812°0)  (88T1LT+v+8vT)  (€16€-10L€)  (TT€ST88961)  (9°0¥1-—SL8T-)  (61L9C-SLEyD)  (1'8LOT—'¥36) - (165°0-€2v'0)  (6'THS-T'STE)  VIIED §§E.§ fug
0100 F6£T0 66V FLTO9T ISOOFL6L'S  0°SSTF9+8TT €TTF6ILI- 9TSFOELST  G6LTFSESOI P00 FLISO  SELFILYY
[8/8] [8/8] s'z8TT [8/8] [8/8] s €651 lo9] T 6zT- [8/8] s'z8TT [8/8] L¢Ly (e/6] (97-12) [t/v] [z/rsel vs8¢ i
(F8€0-1L20)  (9°s7€7-0'8¢61)  (I€TH-0vTe)  (9°€9Ty6'8vCl)  (T6TI-—€TLIY)  (9°STET-T'1861)  (891S-L0¢Eh) (F69°0-+S€0)  (S465-098¢)  VIIED )
STFLET snuanypsAy g
YEOOFPEC0  TSSIFSI0TT  TCEOFIOLE  €LSTI FOPSIT €TTFIEHI- I'SITF0192¢ 6'SE F ¥'89% I0FS650  TLSFH' Sty
[ti/1ilesco  [1/11lTosce [Ti/11] 10T°€ [T1/11] 8¥S¥T lot/01]l T'TLI- [1/11] v 2vse [11/111 8°91¢ [6/6] [r1/11] [1/0z€]l ¥'6LY o
(€6T0-2hT0)  (T9SLT-0+8ST)  (10T€LLOE)  (8YSYT-LT11¥D)  (T6TI-—€TLT-) (KI8T Ty8e)  (6'655-891S) 6T (2e—S0)  (S€L°0-0€9°0)  (4'L65-890%)  VIIED §s.§% fug
9100 F¥9T0  6'%9 F L'689C 1400 F 6€1°€E STTFTSENT 80T F €651~ 00 F ¥'TH8T 0°€l FL02S €TF98T TE00F 6890  ¥'6EF 8908
[L/L] [L/L)07sL8T [L/L] [L/L] 8'8961 [c1/e1lyL81- [cieilziese  [eien]l Toss [s/¢] [z/2] [1/Le€l Ta18 smrouog
(657°0-96€°0)  (F'¥8¥T-0°SL8T)  (€ST°€-000€)  (88961-CI8LT)  (9°0¥I-—SL8T-) (0°ST9T-SLEYD)  (T959-5T9S) ve(Se+e)  (LEL0-T€L0)  (648L-8TTh)  VIED P——
STO0OFTIY0  TTSTF6'SLOT 8400 F 660°E TISTF61T61 S €l FS€8I- L'T9F0°6£5T ¥LEFSTEY SOFHHE S000FHELO  €6€FH0ES
(zH) 11eD 2y med
(s) (zH) 11eD ay) jo (zH)
(zH) A>uanbaay (zH) €D Jo Suruuidag SIAD uonisod yead adAy,
uoptodoag (snq) Adonuy  (zH) Ypmpueg puy Aduanbaay Aduanbaay FEIRET N
19U )P Adudanbaiyg AKduanbaag JquinN apmpdury nen
AOI jueuIwo(q [eyudwepuUN I
jueuIwo(q uon.aodoag
(penunuo)) 'z A'TAVL

HEPP & POMBAL

28 - Zootaxa 4725 (1) © 2020 Magnolia Press



23vd jxou a1) uo panuruo)y

[8/8] [8/8] s°LevT [8/8] [8/8]1 z'18L [8/8] L €6 [8/8] [9/9] [1/651] 6°¢t€ o1of
(7€5°0-98€0)  (8'89YT-S'LEVT)  (b6EH-0LSE)  (8°€60€-0°0SL) (T°90t-0°0) - - 86 (49-6¥)  (SL8O-LIF0)  (b¥TH8'€SD)  VIIED §§¥.§ fug
SPOOFSHP'0  SHIF ESHHT LOSOFICIY  SPLOTFTHLST  SH9T FTOST 09 F €SS SOT'0F9IL0 €6EFOLIE

lor/o1] lot/01] [o1/01] lo1/01] 8'81L lor/01] 8°9p lesg] lo1/01] [e/8ee] 1°691 P
(62r'0-$8T0)  (6'TLIT-00001)  (bL9°€-0LEE)  (P'HEL-T9S9) (+'29-9°S1) - - etz (968°0-T1+0)  (£6Se-L'8Y1)  VIIED §§c.§ fud
€S00FT9E0  SPLF6TLOT 8600 F LVS'€ ¥'8TF 0°00L SOLFI'TH 00FTT 810 F¥89°0 8ZIF0'991

[¢/€] [¢/€] [¢/€] [¢/€] [¢/€] [¢/€] [1/06¥] s7€19

) ] ) ) ) ) ) ] ) ) [z/2]l (s-02) ) ) ) ) 1s2400S
(99%°0-12€0)  (9'1L6T-10L97)  (£20°¢-88L°7)  (I'1861-¢'818)  (£TLI-T98) - - (115°0-16v°0)  (6'¥€9-18%€)  VIIED

SEFSTT snuav]vsay g
YLO'OF LSE0  T°€91 FL9S8T SIT0OFCI6T  6LSSF66hPI L6y F9epl 010°0 F 660 TLTFSE09
[ee/eg]
[esreslieco  [es/eslsigie [es/eslgore  [es/esl sL8ie e (G561 [eereelovioe  [eg/eel TsLL lor/011Los0  [zertlLLig S
(00v'0-€L20)  (0°SLEEL89€T) (966 +-616T)  (SL8TE-8¥SHT) (8°001€-6'8267)  (£'818-1°TEL) - (895°0—+L¥0)  (I'vL8-8°09%)  VIIED o
- \w..v?m.v WS:\NBNG,QD\.%
€CO0F6EE0  S96TFIT68T  8690FCL6'S  1'0LTF €LOST bl %0162 S0F F 8°9€0€ SETFI99L 9200 F SIS0 €111 F98¢9
+ .
[LyvT/Lpve] [LyT/Lyve] [Ly¥T/Lype] [LtvT/Lpve] ) ) [oog/00¢]
[zs/zs] Le6- [zs/zsl o000 [Ts/zs] 8'¢vs [91/08] 0's0t
8TT'0 8°€60¢ 699t 9°610¢ 4540} ppoOI>
(69t~ —9'0v1-)  (61THE-1°€567)  (9°068-8°€H8) - (6'1LF19€E) V1D
(LLY'0-89T°0)  (889%€—0°00ST)  (€41'S—9LS€)  (TIESTH¥86) (015°0—L0£°0) SnuEDIDSAY
TOTFSI0I- P61 FI9EIE 1'6 79S8 L'€TF T 60V
IE00F I4T0  6T8T F9SIIE 8T0OF8LSY €791 F I'€€61 9EI'0F ¥IY0
[¥T/bc] 981°0 [ve/vel 878 [vervel 11€c [vervcloose  woped €18c-  [vawvel Tosic  [vavel 8¢v8 [vervel oo [zeod veLy ioosif
(L61°0-9L1°0)  (8'€v8-8'¢¥8)  (S8y'T801'T)  (0°STIT-00SL)  (S'L8T--0°SLE  (0°0STTT9ISIT)  (8'€¥8-8'€P8) - (8S1'0-9LE°0)  (STSIS—SHTE)  VIIED qgss i
S00°0 F+81°0 00 F8€r8 Y01°0 FS6T°T OSITFSSSS  -OPSFHoIe-  LIEF6LIIT 00 F8€r8 €200 FSIH0 695 FI'IIY
[81/81129¢0  [81/81] 6'8%CI [81/81] [81/81] ¢es1c  [81/811svpe-  [81/811 1'L2oc  [81/81] €818 [81/81] [81/811ssz0  [z/veel 8'9¢8 sofidduydo
(sTro—sve'0)  (6'8¥TI-v'v06)  (19T°€066'0)  (F'961T-€€S10) (P 10€-—S¥re  (1'0L9T-0'¥8ST)  (€'818-T'SLL) 8(6-9) (987°0-7€T'0)  (€TSTI-L'0TH)  VIIED qxs.ms& .
STOOFLLEOD  +'6LFLOITI €LO'0 FHOT'€ 60TFLLIIT -)6EIFL6ES-  TITF66I9T TOLF6'SI8 LOFTS ESI00FISTO  L'€9T FT98S
(zH) 1eD oW neD
) (zH) (zH) 118D Y3 Jo (zH)
(zH) Adudanbaayg (zH) Jo Suruuisog SIAD uonIsoq yedd adL,
uon.aodoag (snq) Adonyuyg e vipRda puy Aduanbaay Kduanbaag saadg
REilicle) pmpueg Kduanbaa g JaquinN spmdury neD
AOI Kduanbaa g juguIIo(q [BjuduepuUn
jueuIIoO(q uonodoag

(ponunuo)) 'z A'TAV.L

Zootaxa 4725 (1) © 2020 Magnolia Press - 29

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



23nd jxou 2y} U0 panuluo)

[oz/02] #8€°0

[oz/02] 6'65¢

[oz/02] 681°C

[oz/0T] ¥'961¢

[oz/oT] €'s12-

[oz/02] 6'0%ST

[oz/0T] 8'91¢

[oz/oz] 9zL 0

[¢/8s2] 99t

snu122fvjuns
9zr0—c61°0)  (€0112-891S)  (6SST-16€T)  (S6€cc—=¢€S1T)  (€S1T-—+'85T)  (1'0L9T-€0117)  (6'6SS—L'ELY) - (1LL°0-6L9°0)  (6'8TL—0'69¢)  VII€D S
€900 FH9E0  ¥'699 F 6°LE0T 8€0°0 F 16v°C 9'vT F €607T 0TTF LYET STLIF000ST  THTF8IIS 0200 F6TL'0  TOS F L'E6Y
[cz/ecloLzo [ez/ea] [czeel 61T [cz/eed sTicl [cz/ec] s'L81- [cz/ec] 9'0v91 [cz/el osis [ez/ea] [z/8t¥] 8861 ——
(0S€°0-927°0) ($'795-9°619) (SLyT—e0n)  ($7L891-1€0L)  (6°9%-—SL81-)  (0°SL8I-9°0v91)  (9°S1S—9°GIS) - (89%°0-12C0)  (0°819-1'61+) VIIED J——
LEO0 F¥6T0 861 F8'STS €OT'0F+¥8TT  6'SOTF H'90€T 6'ch F8'8YI- YvLF 8 SOLT 0F96IS ISO0FT6T0  ¥'SSFLTIS
[81/81]1¥62°0 [81/81]1 0'9¥9 [81/81] [81/81] L'11¥T [81/81] ¥ 10¢€- [81/811 10297  [81/81]10°9t9 [81/81]0LE0 [erpel snioSosg
(8€€°0-187°0) (1'689-6'209) 0TI'e—69L7)  (8¥SPT—L'89¢0) (4106~ —S¥ve)  (v'S88T-8¥S¥T)  (0°9v9—6T09) - (T19°0-L0€0)  (TEP8-T'€ly)  VIIED mssw&ea.@
¥10°0 F £0€°0 6LT F'89 6L0°0 F 8€8'C 1'STFS9IPT 661 FHele- €08 F9099C S'9T ¥8'8€9 L900OFILEO  L'S6FSTLS
[z/81L] €'6801
loz/oc] vLT0 [oz/02] s7066 [oz/0T] [oz/02] +'85T [oz/oT] es12- [oz/oc] esvve  [oz/0T] $'066 [oz/02] ovs 0
(Lvsz1 SISUPUD.LSOLL
(€87°0-8€7°0)  (9°€€01-S'L¥6)  (S96'T-0LLT) (P'8sT—¢S10)  (TTLI-—+'85T-)  (4'88v€—9'1L67)  (9°€€01-S'LY6) - (TIL'0-+S°0) v Ied
-9'998) 0°08 snu]psAyq
110°0 ¥ L9T0 T'ICF 1486 LSOO F 48T CETFIPST S9TF6ETT L'61TF S6LTE €STFSSLE 650°0 F ZSS°0 . 1201
lcvedavo  [sueddTywil  [€zeT] 9ovy [czezl 656 [Tzl 69¢T [ezezlotoo  [1/0Tel 19v1 usaafio
(86%'0-89¢°0)  (0'8€6T-LTTLD) (009 +-1#T+H)  (1'SSOT-6788) (1'99¢-0°¢¥) - - ¢ (Ley'0-1100)  (6LLTI-S¥6)  VIIED )
snupvpsAyJ
0%0°0 F 29t°0 SSOFI'68LI S60°0 F 88€Y LSy FT°€S6 908 F I'Stl 6110 FEIT°0 88 FH'LYT
[sT/sT] 96€0 [szscl TisLl [sz/sclooL e [sz/sT] 0’0001 [cretlzie [sz/st] (/1] Lot
. ) . : . } . . . . [2/2] (0€-82) ] ) ) . D3LYSIIID]
(Thy'0-69€0)  (STI8T-T9$9T) (80 v—+SL'e)  (TTEOT-CTI8L)  (S'L8T-0°STI) - - (Lz80-92€0)  (0'T61-6'9C1)  VIED
FTF06C snuavvsAy g
L10°0 F¥6£°0 TIEF L'EILT 6L0°0 F €68°€ $'69 F8°€€6 IS F8°0F LTI'0 F0€9°0 1'6F00LI
(LeLelieyo  [LeLelTooer  [Le/Lel €s6'y [Le/Lel 6°96L VAR VA [L/L] leeseclveso  [1/10€] S'86T ——
(02s'0-561°0)  ($'826T-TEILD)  (696+99¢€)  (I'1861-8'89Y)  (8°€LP—TTLT) - - 86 (19-¢¢)  (096'0—+12°0)  (LT€9-1T6)  VIIED §§.§a fug
6%0°0 F ¥E7°0 T09 F 6'818T 6850 F¥86°€ 1°09S ¥ 6°€€01 1'SOT ¥89LT 0TFVLS 8STOF €990  L'SEFEP6T
(zH) 11ED oW mneD
(zH) 11eD 3w Jo (zH)
(s) uonaodoag (zH) AdSudanbaayg (zH) (zH) 1D BIPA Jo Suruuidag SIAD uonisod yead adA],
(snq) Adonyuyg puyq Lduanbaay Kduanbaag LEIRETIN
AOI 1)Ud) Ppmpueg Aduanbaay Aduanbaay JquinN apmpduwry e
jueuIwo(q [ejuduepun
jueUIWO(q uopodoig
(ponunuo)) 'z A1AV.L

HEPP & POMBAL

30 - Zootaxa 4725 (1) © 2020 Magnolia Press



[ev/er] 89v°0  [ev/ev] $T90T [ev/evl v88C  [ev/evlcosic  [eviev]l 1'82e-  [ep/evl 906ce  [eb/ev] $T9s [9/9] [ep/ev] [1/612] ¥'9T¥ sisusunpiof
(0€5°0-20€0)  (T9S1z-6209) (01T E€-LSLT)  (8°€v€T-08¢61) (TTLI-—9°L8¢) (1'0L9T+'6017)  (1°€0L-8'89Y)  0€(8€-91)  (988°0-085°0)  (0°L66-8°0€E)  VIIED h:.swsa @.m
PPOOF ISFO  T'SLEFSSS6I  860°0FLI6T 6€8T611TT €S TS0~ L'8LF L'TOVT ¥'L9 F0°€8S €8FECIE 990'0 F808°0  9'ILFSOSH
[ez/ead [cze] esiT [ez/eal [czveddvoete  [cyscadvese-  lewsad eesic  lewedd Lely [6z/6zloLeo  [1/8671 9ttt oriing
(109°0-v1€0)  (F96Tz—LsLy)  (9e8°¢—€v1'0)  (I'LT9T-18LET)  (€TLI-—9°L8¢) (TEILT-8'808T)  (0°9¥9-L 0Eh) - (L88°0-02€'0)  (6¥89-S'SO¥)  VIIED §§.&S .
8L0'0FLSE0  C6LLFYE6ST 96V 0FLIET  60EEF ¥'8LOT 0°0S T I'LLT- LT1TFS9E1T 1'89 F 6'%16 YOI'0FTE90  9LEFTTI
[8¢/8¢] [8¢/8¢] s'TI8T [8¢/8cl c6sT  [8e/8¢€l S'LevT [8/8] s'T0¢- [8/8] $7509T [8/819°01L [o1/01] [og/0¢] [z/z9s] s'61¢ T
(F8Y0-12C0)  (T906T-L'S¥07)  (€LT°€-€05T)  (0°ST9T-6vL1T)  (8'€61-—1°60%")  ($7S09T-LT11¥7)  (1'TEL-S+T9) 71 (T1-9) (0€8°0-8¢5°0)  (L'L68-TH6E)  VIIED ?s.@és o
0L00F9SE0  TOITFLO0LZ  691°0FTLYT 8'6L F C9EHT T6S F THOE- SSLFLISST 9°0% F 8169 TTFS6 TLOOF 9890  S9SF LIPS
[11/11] [11/11] L°89¢C [r1/11] [T1/11] 9°6C€T [11/11] [t ety [Tyttl sLve [11/11] [2/v19] ¥'0LY
[z/2] (9T—+2) 1251]
(115°0-€0v'0)  (L'89€Z-1°1861)  (SO¥'€-S1T°€)  (L'89€T-1+T0T) 0 (0—C621-) (8StT—9'57€0)  (S066-S L¥6) (886'0-€56'0)  (LbSTI-8'€€y)  VIIED
Y1F0ST SnuD]DSAy
6€0°0FLOY0 0891 F80LIC  S90°0FILTE  09€1 F€LYTT 6'8C FEI€E- 90 T9SIHT STTFOLY6 8000 FSL6'0 68 F T V8P
[oz/07] loz/0z] 1'L29T [oz/07] [0z/02] 64681 lozozl v'ssz- lozozl 10292 [0T/02] 67209 [ozozl Lyso  [2/997] 0961 -
FOor'0-0170) (TEILTH9617)  (Svee-8787)  (S6€cT-1Se€l)  (TTLI-—+'8ST)  (T9SLT-€0117)  (6°T09-6°65S) - (1€8°0-cey'0)  (€°€€9-L71LE)  VIIED §s.m.a§ g
TSOOFITEO  TILIFTELST  OTIOFE00E  9THTFH68LI L'LEFS1TT- ¥'81TF0T19T 9'6 F 8009 STI'0F90L0  ¥'TSF1°LOS
[o1/01] lot/01] 6'L1CT [o1/01] loto1l 6212 [o1/01] 8°9¢€C- [o1/01]19°L8¢ lo1/01] 0'9%9 lo1/01] [ze1Tt] 6111 oo
(Ter'o—sLz0)  (I'v0cT-1'60Y)  (959°¢-ST6'1)  (4'08LV—160%)  (9°LOI-—89¢T-)  (9°8497—9°L8¢)  (S'L99—L'ELY) - (S160-261°0)  (L'8SL—S'6LE)  VIIED §§s.§ g
8500 F19€0  €TSSFOISIT  HOSOFI6LT CIVIIF6OPIT  6ESFOE]I-  T8EOI FE988T  €9LFT6LS 00€0FL890  ¥'¥9F 665
(zH) 1eD W ned
) (zH) 11eD 3y Jo (zH)
(zH) A>uanbaayg (zH) 11eD BIPA Jo Suruurdag SIILD uonisod yead adAJ,
uon.todoag (snq) Adonuy  (zZH) Ypmpueg pug Adudanbaay AKduanbaag sa109dg
kEilicle} Kduanbaayg Kdudanbaay JdquinN pmdury e
AO0I juguIIo(q [Bjuduwepun g
jueuIIo(q uon.odoag
(penunuo)) 'z ATAV.L

Zootaxa 4725 (1) © 2020 Magnolia Press - 31

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS



Amplitude (kU)

Frequency (kHz)
- N W A O

200 300 400
Time (ms)

Amplitude (kU)
o

Frequency (kHz)
- N W A& O

100 200 300 400 500 600 700
Time (ms)

FIGURE 5. Call types A and B of Physalaemus maculiventris. Oscillograms (A, C, and E) and audiospectrograms (B, D, and
F). A single typical call A (A and B). A single call A with a variant envelope and modulations (C and D). A single call B (E and
F). Horizontal scale bars have 0.05 s; vertical scale bars have 1 KHz. Filter bandwidth (Hz): 84.6 (D); 61.4 (B); 78.9 (F).

Call B (Fig. SE-F and 6A). We examined one recording, a total of one minute, with six calls from two males.
Only some of these calls were measured (see Table 2). Call duration varies from 0.375 to 0.675 s. The call rise is
longer than the fall with a long regular sustain or shallow valley separating them; the shallow valley yields two
amplitude peaks at the beginning and end of the call. The amplitude peak is at around the end of the first two thirds

32 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL




of the call duration (i.e., second amplitude peak). Depending on the slope of the sustain and the difference between
the peaks, the envelope of the call can vary from rectangular to triangular (pointed left; Fig. 5E). More than 50 %
of the call energy is concentrated in 34 % of the call duration around the amplitude peak. The call has a slight PAM
(there is no silence interval between the peaks; Fig. SE). The rate of the PAM is ca. 32 Hz, forming ca. 13 amplitude
peaks throughout the call. The call is composed of harmonics (Fig. 6A). Usually the harmonics are clear, however,
eventual decreases of the wave periodicity make the harmonics less clear. Audiospectrograms with relatively broad
filter bandwidths (e.g., above 100 Hz) can show wave peaks, of some parts of the call with low fundamental fre-
quencies (minimum 123 Hz; see Table 2), as broadband pulses (instantaneously high sound-pressure effect; see
Littlejohn 2001). The fundamental frequency is usually ca. 240 Hz and it can be present with low energy or absent
in the audiospectrograms. The dominant frequency varies from ca. 1030 to 1310 Hz (Fig. 5F). The dominant har-
monic varies from the third to the eighth, but it is usually the fourth or the fifth harmonic. There is no clear shift in
the relative energy among the bands throughout the call. Most of the call energy is between 800 and 1600 Hz (ca.
three harmonics). The frequency bands have a general upward FM throughout the call with a up-downward FM
segment at the beginning forming arc-shaped bands in this part of the call and a short downward FM segment at the
end (Fig. 5F). There are irregular PFM segments throughout the entire call; these segments are usually synchronic
and directly proportional to the PAM (Fig. SE, F).

1600 9 4000 8
A am B
1400 m 8 3500 A 7
m m o m
1200 o om0 W W @ 7 3000 6
0 o O 00 o 6 o
F 1000 E 2500 Dap—o B 5z
E 4 T 5 °
£ 800 2000 S T N 48
3 L N 4 5
2 600 ) 3 1500 Che W 32
400 | , 1000 2
200 & g 1 500 1
0 : : 0 0 : 0
91.5 91.7 91.9 921 92.3 92.5 10 105 11 115 12
3000 - - 60 2000 - -6
c 1800 D E\EII:ID\:! oo DDDDDDDDD
2500 o B Fosond G e g U %0 1600 M3
= 2000 - a— o R | 4o 1400 , 4
< 1200 z
z E 2
g 1500 - - 30 1000 - o 3.2
g o 300 | ° © 0000gpp00 g
w £ . Y. 1 .
1000 A S 0 0 S 2
A © 0 o0 o
500 - ¥S = L 1o 400 1
@ 5 00,60 OOO%@M 20
o 0= @90 "5 ‘ 0 0 . 0
17 17.5 18 185 19 195 20 20.5 128.47 128.49 12851 12853 12855
4000 - E - 45 2000 F 11
3500 B B oo mpeE 40 1800 = | 10
B = m ) 9
1600 -
3000 = 35 s
| 3o 1400
F 2500 - 1200 T - Tz
Hl - 25 A, 22l 6.8
£ 2000 1000 B A - 3
3 A 20 A A, L85 - 55
g e 800 ‘ - 3
i 1500 A 15 Aty —— 43
° A 600 | ) 3
1000 - > 5 10
® & 400 2
500 - 5
= &2 S 200 rt
0 e 0 0 : 0
2412 2413 2414 2415 2416 2417 2418 2419 3.6 3.8 4 42 44
Time (s) Time (s)

FIGURE 6. Multiplicity relationship between “instantaneous” dominant frequency and w of calls B and C of six Physalaemus
species. Each graph shows a single call. Call B of P. maculiventris (A), call B of P. erythros (B), call B of P. ruspestris (C), call B
of P. nanus (D), call C of P. nanus (E), and call B of P. spiniger (F). Grid corresponds to the harmonic values (right y-axis). Red
squares are the values of “instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles
are the factor values of the ratio “instantaneous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the
duration of one period of the measured acoustic oscillation. Note that factors around integer values suggest harmonic relation-
ship between the frequency calculated (w reciprocal) and the dominant frequency.
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Physalaemus deimaticus species group

The two species analyzed have a call A with low fundamental frequency (< 300 Hz) and short duration (< 0.2 s).
Calls are usually emitted in long series with short and regular intercall intervals. Frequency bands of the calls are
not clear due to the signal aperiodicity (deterministic chaos).

Physalaemus erythros Caramaschi, Feio & Guimaraies, 2003

We found two different calls, referred to as call A and B. B calls were common in recordings in which several males
were active and calling close to each other. B calls were commonly observed after overlapping periods of calls A.
Call B differs from call A by its longer duration, higher fundamental frequency, presence of pulse-PAM and PFM.
Additionally, the envelope of A calls is elliptic whereas that of the B calls is triangular or rectangular.
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FIGURE 7. Calls A and B of Physalaemus erythros. Oscillograms (A, C, E, G, and H) and audiospectrograms (B, D, F, I, and J).
A single typical call A (A and B). A variant call A (C and D). A single Call B (E and F). Two calls B with variant envelopes and
spectral patterns (G—J). Horizontal scale bars have 0.02 s (C—-D) and 0.1 s (G-J); vertical scale bars have 1 kHz. Filter bandwidth
(Hz): 92.1 (B and D); 67.4 (F, I, and J).

Call A (Fig. 7A-D and 4D). We examined 21 recordings, a total of 56 minutes, with ca. 4900 calls from 15
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.041 to 0.077 s. The call
rise and fall are similar in duration, rendering an elliptic call envelope; the call fall is gradual, whereas the call rise
is steeper. The amplitude peak is at around the middle of the call duration (Fig. 7A, C). More than 50 % of the call
energy is concentrated in 39 % of the call duration around the amplitude peak. The call has no PAM. The call is
composed of harmonics (Fig. 4D). The harmonics are very close to each other and hardly distinguished due to the
low fundamental frequency and the lack of the wave periodicity throughout the call. The fundamental frequency is
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approximately 250 Hz and this band can be present with low energy or absent in the audiospectrograms. The domi-
nant frequency varies from ca. 1020 to 1160 Hz (Fig. 7B, D). The dominant harmonic varies from the second to the
tenth, but it is usually the third. There is no clear shift in the relative energy among the bands throughout the call.
Most of the call energy is between 300 and 2000 Hz (ca. seven harmonics). There is no clear general FM in the call
but there are subtle irregular FM segments throughout the entire call.

Call B (Fig. 7E-J and 6B). We examined eight recordings, a total of 26 minutes, with 93 calls from eight
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.200 to 0.875 s. The call
rise is abrupt and a little shorter than the fall, which is also very short but gradual. The call has a long sustain. The
amplitude is usually regular throughout the call (Fig. 7H). However, in some calls, the amplitude increases gradu-
ally toward the end of the call (Fig. 7E, G). The amplitude peak is at the very end of the call duration (Fig. 7E, G,
H). Depending on the slope of the sustain and the difference between the amplitude peaks, the envelope of the call
can vary from rectangular (Fig. 7H) to triangular (pointed left; Fig. 7E, G). More than 50 % of the call energy is
concentrated in 29 % of the call duration around the amplitude peak. The call has a weak to intermediate PAM (there
is no silence interval between the peaks; Fig. 7E, G, H). The rate of the PAM is ca. 27 Hz, forming ca. 13 amplitude
peaks throughout the call. The envelope of this PAM cycles is variable but the amplitude peak is at the middle of the
cycle. The call is composed of harmonics (Fig. 6B). Usually the harmonics are clear, however, eventual decrease
in the wave periodicity makes the harmonics less clear with deterministic chaos regimes. Audiospectrograms with
relatively broad filter bandwidths (e.g., above 100 Hz) can show wave peaks in some parts of the call with low fun-
damental frequencies (minimum 107 Hz; see Table 2), as broadband pulses (instantaneously high sound-pressure
effect; see Littlejohn 2001). The fundamental frequency is around 250 Hz and it is usually absent in the audiospec-
trograms. The dominant frequency varies from ca. 840 to 1780 Hz (Fig. 7F, 1, J). The dominant harmonic varies
from the third to the ninth, but it is usually the third and fourth harmonic. There is no clear shift in the relative energy
among the bands throughout the call. Most of the call energy is between 800 and 1600 Hz (three to four harmonics).
The frequency bands have a general upward FM throughout the call and a short downward FM at the end (Fig. 7F, 1,
J). There are irregular PFM segments throughout the entire call; these segments are usually synchronic and directly
proportional to the PAM (Fig. 7E-J).

Physalaemus rupestris Caramaschi, Carcerelli & Feio, 1991

We found two different calls, referred to as call A and B. Call B differs from call A by its longer duration and pulse-
PAM with irregular silence intervals. Additionally, the envelope of call A is elliptic or triangular whereas that of call
B is triangular or rectangular.

Call A (Fig. 8A-D and 4D). We examined three recordings, a total of one minute, with 18 calls from one male.
All these calls were measured (see Table 2). Call duration ranges from 0.057 to 0.149 s. The call rise is similar in
duration or shorter than the fall; the call fall is gradual, whereas the call rise has an exponential shape. The amplitude
peak is usually at around the end of the first sixth of the call duration. The envelope of the call varies from elliptic
to triangular (pointed right; Fig. 8A, C, D). More than 50 % of the call energy is concentrated in 28 % of the call
duration around the amplitude peak. Some calls have a strong PAM (with silence intervals present between pulses;
Fig. 8D). In those calls the rate of this PAM is ca. 15 Hz, always forming two pulses. The envelope of these pulses
is usually elliptic with the amplitude peak at the middle of the pulse. The last pulse is usually ca. 1.5 times longer
than the first (Fig. 8C). The call is composed of harmonics (Fig. 4D). The harmonics are very close to each other
and not very clear due to the low fundamental frequency and the lack of the wave periodicity throughout the call.
The fundamental frequency is approximately 225 Hz and this band can be present with low energy or absent in the
audiospectrograms. The dominant frequency varies from ca. 1890 to 2550 Hz (Fig. 8B). The dominant harmonic
varies from the fifth to the 38" harmonic, but it is usually the eighth. There is no clear shift in the relative energy
among the bands throughout the call. Most of the call energy is between 1200 and 2800 Hz (ca. six harmonics).
There is no clear general FM in the call but there are subtle irregular FM segments throughout the entire call.

Call B (Fig. 8E-F and 6C). We examined three recordings, a total of one minute, with ca. 10 calls from one
male. All these calls were measured (see Table 2). Call duration ranges from 1.269 to 1.727 s. Both call rise and fall
are very short and abrupt. There is a long sustain in the call. Usually the amplitude decreases gradually throughout
this segment, from the amplitude peak until the end of it. The amplitude peak is at the very beginning of the call
duration. The slope of the sustain makes the envelope of the call triangular (pointed right; Fig. 8E). More than 50
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% of the call energy is concentrated in 45 % of the call duration around the amplitude peak. The call has a strong
PAM (with silence intervals present between pulses; Fig. 8E, F). The rate of the PAM is considerably irregular with
an average of ca. 19 Hz, forming ca. 30 pulses throughout the call. The envelope of the pulses is variable but it is
usually elliptic with the amplitude peak at the middle of the pulse. The last pulse is usually ca. 3.5 times longer than
the others. The call is composed of harmonics (Fig. 6C). The harmonics are very close to each other and not very
clear due to the low fundamental frequency, short pulse duration, and the lack of the wave periodicity throughout the
call (deterministic chaos regimes). Audiospectrograms with relatively broad filter bandwidths (e.g., above 100 Hz)
can show wave peaks, of some parts of the call with low fundamental frequencies (minimum 107 Hz; see Table 2),
as broadband pulses (instantaneously high sound-pressure effect; see Littlejohn 2001). The fundamental frequency
is around 130 Hz and it is usually absent in the audiospectrograms. The dominant frequency varies from ca. 2060
to 2560 Hz (Fig. 8F). The dominant harmonic varies from the seventh to the 57", but it is usually around the 15
harmonic. There is no clear shift in the relative energy among the bands throughout the call. Most of the call energy
is between 1700 and 4100 Hz (up to 20 harmonics). There is no clear general FM in the call but there are subtle ir-
regular FM segments throughout the entire call (Fig. 8F).
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FIGURE 8. Calls A and B of Physalaemus rupestris. Oscillograms (A, C, D, and E) and audiospectrograms (B and F). A single
typical call A (A and B). Variant A calls (C and D). Note the amplitude modulation resulting in two pulses (C). A single B call
(E and F). Horizontal scale bars have 0.05 s (C-D). Filter bandwidth (Hz): 44.9 (B and F).

Physalaemus signifer species group

Several species in this group have pulsed call (P. angrensis, P. atlanticus, P. bokermanni, P. crombiei, P. irroratus,
P. moreirae, P. nanus, and P. obtectus) and show nonlinear regimes (acoustic features more complex than usually
expected for simple oscillators; see Material and Methods above) such as subharmonics, deterministic chaos, and
frequency jumps (P. angrensis, P. atlanticus, P. bokermanni, P. camacan, P. crombiei, P. irroratus, P. moreirae, P.
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nanus, P. obtectus, P. signifer, and P. spiniger). All species, except P. bokermanni, have at least one call with struc-
tures long enough to make them sound, to the human ear, as nasal-like whines with high timbre; due to the energy
concentrated in higher and dense harmonics.

Physalaemus camacan Pimenta, Cruz & Silvano, 2005

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a slight
PAM. It is spectrally polymorphic with clear harmonics, sidebands, and deterministic-chaos regime.
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FIGURE 9. Call A of Physalaemus camacan. Oscillograms (A and C) and audiospectrograms (B and D). A single typical call
with emphasized harmonics (A and B). A variant call (C and D). A single noisy call with high level of deterministic chaos (C and
D). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 61.9 (B); 31.0 (D).

Call A (Fig. 9A-D and 4E—F). We examined two recordings, a total of five minutes, with ca. 130 calls from
two males. Only some of these calls were measured (see Table 2). Call duration varies from 0.676 to 0.980 s. The
call rise is gradual and longer than the call fall, which is more abrupt. There is a long sustain in the call. Usually the
amplitude of the call is regular throughout the call (Fig. 9A). However, in some calls, the amplitude increases gradu-
ally toward the amplitude peak at the end of the call (Fig. 9C). The amplitude peak is at around four fifths of the
call duration. Depending on the slope of the sustain and the difference between the amplitude peaks the envelope of
the call can vary from rectangular (Fig. 9A) to triangular (pointed left; Fig. 9C). More than 50 % of the call energy
is concentrated in 38 % of the call duration around the amplitude peak. The call has a slight PAM (with no silence
interval between peaks; Fig. 9A, C). The rate of the PAM is ca. 13 Hz, forming ca. 10 amplitude peaks throughout
the call. The calls can have two different spectral patterns (Fig. 4E, F). The bands of one of these patterns (Fig. 9B)
are multiple of each other and were considered harmonics. The fundamental frequency of this series is ca. 400 Hz
(Fig. 9B). In the other spectral pattern (Fig. 9D), there is a series of bands with fundamental frequency of ca. 100
Hz, which varies continuously and the bands are not integral multiple of each other. The bands of this 100 Hz series
seem to be sidebands (i.e., 100 Hz wave as the modulating signal) with the 410 Hz series as the carrier signal (Fig.
9D). In most calls, the sidebands are the only bands noticeable. In these calls, the bands are not very clear since there
is considerably deterministic chaos (Fig. 9D) due to the irregularity of the wave periods of the 100 Hz signal. In the
calls where the 400 Hz series are evident, the harmonics are clear due to the higher fundamental frequency and the
more regularity (periodicity) of the wave periods. The dominant frequency varies from ca. 1380 to 1660 Hz (Fig.
9B). Considering the 400 Hz series, the dominant harmonic varies from the second to the sixth, but it is usually the
fourth. There is no clear shift in the relative energy between the bands throughout the call. Most of the call energy
is between 1100 and 1800 Hz. This bandwidth corresponds to two harmonics of the 400-Hz series. The frequency
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bands have a general upward FM throughout the call with a short downward FM at the end (Fig. 9B). There is a PFM
in the parts of the call where the bands are clear (Fig. 9B). This PFM is synchronic and directly proportional to the
PAM (Fig. 9A, B).

Physalaemus obtectus Bokermann, 1966
We found a single call type for the species, referred to as call A. The call is composed of a sequence of pulses. There

are clear harmonics, however deterministic-chaos regimes can be present at the beginning of the pulses where jumps
of the fundamental frequency are common.
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FIGURE 10. Call A of Physalaemus obtectus. Oscillograms (A, C, D, E, and F) and audiospectrograms (B, G, H, I, and J). A
single typical call (A and B). Variant calls with different envelopes, number of pulses, pulse durations, and interpulse intervals
(C-J). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 67.4 (G, I, and J); 78.9 (H); 61.9
(B).

Call A (Fig. 10A-J and 4G). We examined seven recordings, a total of eight minutes, with ca. 280 calls from
eight males. Only some of these calls were measured (see Table 2). Call duration varies from 0.415 to 0.553 s.
Usually, call rise and fall durations are similar, both resembling logarithmic shape; the amplitude peak is at around
(usually just before) the middle of the call duration (Fig. 10A, D, E, F). However, some calls have an exponential
or linear rise, followed by a long sustain and an abrupt fall (Fig. 10C). In calls with rise and fall similar in slope
and duration, the envelope of the call is symmetric (Fig. 10A, D, E, F), whereas in calls with sustain the envelope
is rectangular or triangular (pointed left; Fig. 10C). More than 50 % of the call energy is concentrated in 35 % of
the call duration around the amplitude peak. The call has pulse-PAM (with silence intervals present between pulses;
Fig. 10A-J). The rate of the PAM is ca. 9 Hz, forming ca. four pulses throughout the call. The pulses of the first
half of the call have rise similar to fall and the amplitude peak is at the middle of the pulse. On the other hand, the
pulses of the second half have rises sharper and shorter than falls, which are more gradual, with amplitude peaks at
the beginning of the pulses (Fig. 10A, D, E, F). In some calls, the last pulse is clearly shorter than the others (Fig.
10E). There is a long silence interval between the pulses, equivalent to ca. 1.5 times the pulse duration. The call has
a harmonic series (Fig. 4G). The fundamental frequency is ca. 380 Hz and this band can be present with low energy
or absent in the audiospectrograms. Most of the wave periods are regular and the harmonics are clear throughout
the call. However, subharmoncis, deterministic chaos, and jumps of the fundamental frequency are observed at the

38 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL



beginning and end of the pulses (Fig. 10H, I). At the same parts of the pulse, the low fundamental frequency can
lead to the wave peaks to be shown as broadband clicks (instantaneously high sound-pressure effect; see Littlejohn
2001) in audiospectrograms at broad filter bandwidths. The dominant frequency varies from ca. 1210 to 1230 Hz
(Fig. 10B). The dominant harmonic varies from the third to the seventh, but it is usually the third or fourth. There
is no clear shift in the relative energy among the bands throughout the call. Most of the call energy is between 800
and 1600 Hz (often, two or three harmonics). The frequency bands have a general upward FM throughout the call
(Fig. 10B, G, 1, J). Additionally, there is PFM throughout the call, which is directly proportional to the synchronic
pulse-PAM, i.e., each pulse has an up-downward FM (Fig. 10A, B, D-F, H-J).

Physalaemus irroratus Cruz, Nascimento & Feio, 2007

We found a single call type for the species, referred to as call A. The call is composed of a sequence of pulses. There
are clear harmonics, and some pulses have PFM, which is synchronic and directly proportional to the slight PAM.
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FIGURE 11. Call A of Physalaemus irroratus. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single typi-
cal call (A and B). Variant calls with different number of pulses, pulse durations and interpulse intervals (C—F). Horizontal scale
bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 65.8 (B); 89.9 (E-F).

Call A (Fig. 11A-F and 4H). We examined two recordings, a total of one minute, with 29 calls from two males.
Most of these calls were measured (see Table 2). Call duration varies from 0.489 to 0.954 s. The call rise and fall
durations are similar; both are usually linear-shaped. In some calls, the rise and/or fall can be more abrupt and have
a logarithmic shape. The amplitude peak is at around the middle of the call duration, except in calls with very few
pulses (e.g., two pulses). Since both rise and fall are similar in slope and duration, the envelope of the call is fairly
elliptic (Fig. 11A, C). More than 50 % of the call energy is concentrated in 38 % of the call duration around the am-
plitude peak. The call has a strong PAM (with silence intervals present between pulses; Fig. 11A—F). The rate of the
PAM is ca. 6 Hz, forming ca. four pulses throughout the call. Usually, pulses have an abrupt rise, shorter than fall,
which is more gradual, with amplitude peak at the beginning of the pulse (Fig. 11A, C, D). However, the first pulses
of the longer calls have rises similar to falls and the amplitude peak is at the middle of the pulse. In some calls, the
last pulse is clearly shorter than the others. There is a long silence interval between pulses, ca. 5.5 times the pulse
duration (Fig. 11A, C, D). Some pulses have an internal slight PAM. The call has a harmonic series (Fig. 4H). The
fundamental frequency is ca. 400 Hz and this band can be present with low energy or absent in the audiospectro-
grams. The wave periods are regular and then the harmonics are clear throughout the call. However, subharmonics,
deterministic chaos, and jumps of the fundamental frequency are observed at the beginning and at the end of the
pulses, or even in the entire pulse (usually the last one). Short pulses can be shown as broadband clicks (instanta-
neously high sound-pressure effect; see Littlejohn 2001) in audiospectrograms at broad filter bandwidth (first pulse
in Fig. 11A). The dominant frequency varies from ca. 1250 to 1720 Hz (Fig. 11B). The dominant harmonic varies
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from the second to the ninth, but it is usually the third or fourth. There is no clear shift in the relative energy among
the bands throughout the call. Most of the call energy is between 1300 and 2000 Hz (often, three harmonics). The
frequency bands have a general upward FM throughout the call (Fig. 11B). There is PFM throughout the call, which
is directly proportional to the synchronic pulse-PAM, i.e., each pulse has an up-downward FM (Fig. 11F). Addition-
ally, another PFM is present within some pulses and it is directly proportional to the synchronic slight PAM within
the pulses.

Physalaemus nanus (Boulenger, 1888)

We found three different calls, referred to as call A, B, and C (Fig. 12). Calls B and C were common in recordings
in which several males were active and calling close to each other. Calls A and B are composed of harmonics and
a single note each. Call B is shorter than Call A with a lower fundamental frequency, irregular FM segments, and
absence of pulse-PAM. Call C is composed of two notes, the first and the second notes are similar to those of calls
A and B, respectively.

Call A (Fig. 12E-H and 13A). We examined 20 recordings, a total of 77 minutes, with ca. 3500 calls from 33
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.178 to 0.218 s. The call
envelope is variable; however, calls often have rise, a regular sustain (or shallow valley), and falls sections. Call rise
and fall are usually gradual and linear but they can have different durations, being long or abrupt. The amplitude
peak of the calls measured here is at around the end of the first fourth of the call duration (Fig. 12A, C, D, E). The
envelope of the call can be elliptic (Fig. 12A, D), rectangular (Fig. 12E), or triangular (Fig. 12C). More than 50 % of
the energy is concentrated in 42 % of the call duration around the amplitude peak. This call has a strong PAM (with
silence intervals present between pulses; Fig. 12A—H). The rate of the PAM is ca. 28 Hz, forming ca. five pulses
throughout the call. The envelope of the pulses is also highly variable; however, the middle pulses tend to have
amplitude peak at the middle of the pulse with similar rise and fall. Often, the first pulse has very little amplitude
and the last pulse is the longest one (Fig. 12C, D, F, G). Silence intervals are present between pulses, slightly shorter
than pulse duration (Fig. 12A—H). Some pulses have a down-upward AM at the middle of their durations, yielding
two amplitude peaks per pulse. The call has a harmonic series (Fig. 13A). The fundamental frequency varies from
620 to 1100 Hz and the band can be present with low energy or absent in the audiospectrograms. The wave periods
are regular and then the harmonics are clear throughout the call. Subharmonics can be present at the beginning and
end of the pulses and jumps of the fundamental frequency can happen at the end of the call (fourth pulse in Fig.
12B). The dominant frequency varies from ca. 2240 to 2540 Hz (Fig. 12B). The dominant harmonic varies from
the second to the fourth one, but it is usually the second. There is no clear shift in the relative energy among the
bands throughout the call. Most of the energy is concentrated between 1800 and 2800 Hz (ca. two harmonics). The
frequency bands have a general and slight downward FM throughout the call (Fig. 12B). Additionally, there is PFM
throughout the call, which is directly proportional to the synchronic pulse-PAM (Fig. 12A-H).

Call B (Fig. 12 I-N and 6D). We examined five recordings, a total of 27 minutes, with ca. 40 calls from 13
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.027 to 0.090 s. Often, the
call rise is longer than the fall, both exponential; there is a long regular sustain (or shallow valley) between them.
The amplitude peak is at around the end of the first three fourths of the call duration (Fig. 121, K, L). The envelope
of the call varied from rectangular (Fig. 12K) to triangular (pointed left; Fig. 121, L). More than 50 % of the energy
is concentrated in 31 % of the component duration around the amplitude peak. This call has no PAM. The call has a
harmonic series (Fig. 6D). The fundamental frequency is ca. 300 Hz and this band can be present with low energy
or absent in the audiospectrograms. Usually, the wave periods are regular and then the harmonics are clear through-
out the call. However, harmonics are not very clear with considerably deterministic chaos in some parts of the call
(Fig. 12N). Sudden jumps of the fundamental frequency can be present (usually at the end of the call). Moreover,
some calls show subharmonics (Fig. 12N). The dominant frequency varies from ca. 1680 to 1850 Hz (Fig. 12J). The
dominant harmonic varies from the seventh to the 41, but it is usually the ninth or tenth. There is no clear shift in
the relative energy among the bands throughout the call. Most of the energy is concentrated between 1300 and 2200
Hz (three or four harmonics). The frequency bands can have a general down or upward FM throughout the call with
either short down or upward FM at the end (Fig. 12J, M, N). Some calls have no clear general FM. Additionally,
some calls have a subtle PFM throughout the call (Fig. 12J, M, N).
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FIGURE 12. Calls A, B, and C of Physalaemus nanus. Oscillograms (A, C-E, I, K-L, O, and Q—R) and audiospectrograms (B,
F-H, J, M—-N, P, and S-T). A single typical call A (A and B). Variant calls A with different envelopes, number of pulses, pulse
durations, and interpulse intervals (C—H). Calls B (I-N). Calls C (O-T). Horizontal scale bars have 0.05 s (A-H), 0.02 s (I-N),
and 0.2 s (O-T); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 181.0 (B and H); 162.0 (F); 110.0 (G); 124.0 (J, M, and
P); 106.0 (N); 84.6 (S); 92.1 (T).
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FIGURE 13. Multiplicity relationship between “instantaneous” dominant frequency and w of calls A of eight Physalaemus
species. Each graph shows a single call A of: P. nanus (A), P. spiniger (B), P. crombiei (C), P. signifer (D), P. bokermanni (E),
P angrensis (F), P. atlanticus (G), P. moreirae (H). Grid corresponds to the harmonic values (right y-axis). Red squares are the
values of “instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles are the factor
values of the ratio “instantaneous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the duration of
one period of the measured acoustic oscillation. Note that factors around integer values suggest harmonic relationship between
the frequency calculated (w reciprocal) and the dominant frequency. Factors multiple of 'z of the fundamental frequency cor-
respond to subharmonics (see P. nanus; A).
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Call C (Fig. 12 O-T and 6E). We examined 16 recordings, a total of 60 minutes, with ca. 200 calls from 28
males. Only some of these calls were measured (see Table 2). Calls are composed of two notes, the first and the
second are similar to those of calls A and B, respectively. Call duration varies from 0.188 to 0.311 s. The amplitude,
temporal, and spectral traits of the components are similar to those described above. However, the first note can
have more pulses and the envelope of the second note has steeper rise and fall in call C (Fig. 120, Q, R). Although
the amplitude decreases at the transition between notes, their limits are not clear (Fig. 12Q, R). At this transition,
there is a decrease in the fundamental frequency and wave peaks emitted at low repetition rates (e.g., 90 Hz) are
shown as clicks (instantaneously high sound-pressure effect; Fig. 12P) in audiospectrograms at broad filter band-
widths (e.g., above 100 Hz). The bands are observed in audiospectrograms at narrow filter bandwidth (e.g., below
90 Hz). This rate gets faster until the beginning of the center of the second note. In C calls, the harmonics of the
second note usually have a general upward FM with a short downward FM at the end of the call (Fig. 12P but see
Fig. 12S, T).

Physalaemus spiniger (Miranda-Ribeiro, 1926)

We found two different calls, referred to as call A and B. Calls A and B are composed of harmonics and a single note
each. Call B has two very different components. The first component is similar to call A, whereas the second one is
composed of nonlinear regimes such as deterministic chaos and subharmonics.

Call A (Fig. 14A-L and 13B). We examined 16 recordings, a total of 43 minutes, with ca. 800 calls from 12
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.221 to 0.492 s. The enve-
lope of the call is highly variable (Fig. 14A, C—G). Often, the call rise and fall are similar in duration and vary from
linear to exponential shape; there is a long regular sustain or a shallow valley connecting them (Fig. 14A, C). The
amplitude peak of the calls is at around the end of the first three fourths of the call duration. The envelope of the
call can be elliptic (Fig. 14D, F), rectangular (Fig. 14A, C), or triangular (Fig. 14E, G) depending on the shape of
the sustain. There can be a short and deep amplitude valley at the beginning of the call (Fig. 14G). More than 50 %
of the call energy is concentrated in 35 % of the call duration around the amplitude peak. The call has no PAM. The
call has a harmonic series (Fig. 13B). The fundamental frequency is ca. 380 Hz and this band can be present with
low energy or absent in the audiospectrograms. The wave periods are regular and the harmonics are clear throughout
the call. The dominant frequency of the call varies from 1120 to 1981 Hz (Fig. 14B). The dominant harmonic varies
from the second to the sixth, but it is usually the fourth. There is no clear shift in the relative energy between the
bands throughout the call. Most of the call energy is between 1100 and 1700 Hz (ca. two or three harmonics). The
call usually has a general upward FM (Fig. 141, J, K), a few calls have downward FM (Fig. 14B, H, L). Additionally,
many calls have a rapid up-downward FM at their outset, forming arc-shaped bands in this part of the call and a short
downward FM at the end (Fig. 14B, J, K, L). In calls with short amplitude valleys the bands have down-upward FM,
synchronically to the valley (Fig. 14L). Some calls showed a slight PFM (Fig. 141, J).

Call B (Fig. 14M-P and 6F). We examined two recordings, a total of five minutes, with seven calls from three
males. Most of these calls were measured (see Table 2). Call duration varies from 0.376 to 0.512 s. The call rise and
fall are short and similar in duration; there is a long irregular sustain (Fig. 14M, O). The amplitude peak is at around
the middle of the call duration. Shallow amplitude valleys are present yielding secondary amplitude peaks at the
beginning and end of the call. The envelope of the call is somewhat rectangular (Fig. 14M, O). More than 50 % of
the call energy is concentrated in 43 % of the call duration around the amplitude peak. The call has no PAM. The call
has a harmonic series (Fig. 6F). The call has two different components. The traits of the first component are similar
to those of the call A, whereas in the second component, the harmonics can be not well defined due to deterministic
chaos (high irregularity of the wave periods; Fig. 14N, P). Subharmonics are common in the second component of
the call (Fig. 14N, P). The fundamental frequency is ca. 290 Hz. Although the amplitude often decreases slightly at
the transition between components, their limits can be unclear in oscillograms (Fig. 14M). The dominant frequency
of the call varies from 1163 to 1723 Hz (Fig. 14N). The dominant harmonic of the second component varies from
the third to the 12, but it is usually the fourth, fifth, or sixth. There is a slight increase in the relative energy of the
higher harmonics throughout the call (Fig. 14N, P). Most of the second component’s energy is between 1200 and
2000 Hz (ca. three harmonics). The general FM is usually downward, with no additional FM at the end (Fig. 14N,
P). Some calls have an up-downward FM at the beginning, yielding arc-shaped bands in this part of the call (Fig.
14N). In highly variable calls, and mainly along the second component, there can be several parts with irregular up
and downward FM mirroring the AM direction (Fig. 14N, P).

REVIEW OF BIOACOUSTICAL TRAITS IN THE GENUS PHYSALAEMUS Zootaxa 4725 (1) © 2020 Magnolia Press - 43



Amplitude (kU)
o

Frequency (kHz)
- N W A O

100 200 300 400 500
Time (ms)

Amplitude (kU)

350{ N
3.00
2.50
2.00
150
1.00

Frequency (kHz)

0.2 0.4 0.6 0.8
Time (s)

FIGURE 14. Calls A and B of Physalaemus spiniger. Oscillograms (A, C—G, M, and O) and audiospectrograms (B, H-L, N,
and P). A single typical call A (A and B). Variant calls A with different envelopes and spectral features (C-L). Calls B (M—P).
Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 50.7 (N and P); 61.9 (B); 110.0 (H); 97.6
(D; 74.6 (J and K); 84.6 (L).

Physalaemus crombiei Heyer & Wolf, 1989

We found two different calls, referred to as call A and B. B calls were observed in recordings in which males emit-
ted A calls with very long durations. Calls A and B are composed of harmonics and a single note each. A calls have
pulses separated by silence intervals whereas B calls have not. Moreover, B calls have a general upward FM and
FM segments (periodic or not) stronger than those of A calls.

44 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL



Amplitude (kU)

5 B
) |
< 4
3 ’
§ 3 oy
S LS T —— —— ——
T 2 -
Qo
[ 1 —_—

200 400 600 J
Time (ms)

Amplitude (kU)

L
g S N
z 4
>
8 3 Mv'-\: 4
S ~s ~
g 2 A s R
g . —r - j— et Smm—— L
05 1 15
Time (s)

FIGURE 15. Calls A and B of Physalaemus crombiei. Oscillograms (A, C, D, E, F, K, and M) and audiospectrograms (B, G, H,
1, J, L, and N). A single typical call A (A and B). Variant calls A with different number of pulses, pulse durations, and interpulse
intervals (C-I). Last three pulses of the call A (F-J). Two B calls with different envelope and spectral features (K—N). Note that
there is no silence intervals within call B (K—N). Horizontal scale bars have 0.1 s (C—E, G-I, M—N) and 0.05 s (F and J); vertical
scale bars have 1 kHz. Filter bandwidth (Hz): 90.6 (G and J); 79.3 (B); 84.6 (I); 67.4 (L and N).

Call A (Fig. 15A-J and 13C). We examined nine recordings, a total of 20 minutes, with ca. 900 calls from 18
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.319 to 0.774 s. The call
rise and fall durations are usually similar to each other and they can be gradual or abrupt, linear or logarithmic; there
is a long sustain (Fig. 15A, C, D, E). This segment can be slightly concave or convex (Fig. 15D, E, respectively).
The amplitude peak is often at around (usually just after) the middle of the call duration. Since both rise and fall are
similar in slope and duration, the envelope of the call is fairly elliptic (Fig. 15E) but can be rectangular (Fig. 15C, D)
or triangular (pointed left; Fig. 15A) depending on the shape of sustained segment and the position of the amplitude
peak of the call. More than 50 % of the call energy is concentrated in 43 % of the call duration around the amplitude
peak. The call has a strong PAM (with silence intervals present between pulses; Fig. 15A—J). The rate of this PAM is
ca. 25 Hz, forming ca. nine pulses throughout the call. Except for the last pulse, the rise of the pulses is longer than
the fall and the amplitude peak is at around the end of the first two thirds of the pulse duration (Fig. 15F). The last
pulse has the inverse envelope with amplitude peak at its outset (Fig. 15F). In some calls, the last pulse is notably
longer than the others (Fig. 15A, B, C, E, F, G, 1, J). Silence intervals are present between pulses, ca. tenfold shorter
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than pulse duration (Fig. 15A-J). The call has a harmonic series (Fig. 13C). The fundamental frequency is ca. 370
Hz and this band can be present with low energy or absent in the audiospectrograms. The wave periods are very
regular and the harmonics are clear throughout the call. Jumps of the fundamental frequency can be present between
the first pulses. The dominant frequency varies from ca. 1010 to 1380 Hz (Fig. 15B). The dominant harmonic varies
from the third to the fourth, but it is usually the third. There is no clear shift in the relative energy between the bands
throughout the call. Most of the call energy is between 900 and 1300 Hz (two harmonics). The frequency bands have
a general upward FM throughout the call and short downward FM at the end (Fig. 15B, G, H, I). Additionally, there

is PFM throughout the call, which is directly proportional to the synchronic pulse-PAM (Fig. 15B, G, H, 1, J).
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FIGURE 16. Multiplicity relationship between “instantaneous” dominant frequency and w of calls B of five Physalaemus spe-
cies. Each graph shows a single call B of: P. crombiei (A), P. signifer (B), P. bokermanni (C), P. angrensis (D), and P. moreirae
(E). Grid corresponds to the harmonic values (right y-axis). Red squares are the values of “instantaneous” dominant frequency;
blue circles are the values of the reciprocal of w; green triangles are the factor values of the ratio “instantaneous” dominant fre-
quency / w reciprocal per delta time. Delta time corresponds to the duration of one period of the measured acoustic oscillation.
Note that factors around integer values suggest harmonic relationship between the frequency calculated (w reciprocal) and the
dominant frequency.

Call B (Fig. 15K-N and 16A). We examined one recording, a total of five minutes, with two calls from one
male. Most of these calls were measured (see Table 2). Call duration varies from 0.709 to 0.945 s. The envelope of
the call is variable; call rise and fall are short. There can be more than one sustain, with different amplitudes (Fig.
15K, M). Usually, the first has lower amplitude (Fig. 15K). The amplitude peak is at around the middle or beginning
of the call duration. The envelope can be classified as elliptic, triangular (pointed right; Fig. 15M) or rectangular
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(Fig. 15K). More than 50 % of the call energy is concentrated in 30 % of the call duration around the amplitude
peak. One call clearly shows a section with a slight PAM (there is no silence interval between the amplitude peaks;
Fig. 15K). The rate of this PAM is ca. 19 Hz, forming ca. seven emphasized peaks at the middle of the call duration.
The call has a harmonic series (Fig. 16A). The fundamental frequency is ca. 340 Hz and this band can be present
with low energy or absent in the audiospectrograms. One call shows a sudden jump of the fundamental frequency at
the end of the call. The wave periods are regular and then the harmonics are clear throughout the call. The dominant
frequency varies from ca.1020 to 1160 Hz (Fig. 15L). The dominant harmonic is the third. There is no clear shift in
the relative energy between the bands throughout the call. Most of the call energy is between 600 and 2000 Hz (ca.
five harmonics). The frequency bands have a general upward FM throughout the call and short downward FM at the
end (Fig. 15L, N). Additionally, there is PFM throughout the call, which is directly proportional to the synchronic
pulse-PAM where it is present (15K—N).

Physalaemus signifer (Girard, 1853)

We found two different calls, referred to as call A and B. Calls B were recorded in agonistic contexts (M. Bilate, per-
sonal communication). Calls A and B are composed of harmonics and a single note each. Call B tends to be longer
and with lower fundamental frequency than Call A. Calls B have strong FM segments and nonlinear regimes, such
as deterministic chaos and subharmonics.

Call A (Fig. 17A-L and 13D). We examined 68 recordings, a total of 213 minutes, with ca. 5800 calls from
135 males. Only some of these calls were measured (see Table 2). Call duration varies from 0.453 to 0.579 s. Call
rise and fall are short and usually similar to each other in duration. In some calls, the rise is longer than the fall (Fig.
17A, C, D, F). Both can have a linear or exponential shape. There is a long sustain (Fig. 17A, C, D, E, F, G). Usually
it has a convex shape it can be quite irregular with periods of concave (amplitude valley) and convex shapes (Fig.
17E, D, respectively). In some calls the rise and the sustain can be fused. The amplitude peak of the call is at around
the end of the first four fifths of the call duration (Fig. 17A, C, E, F). The envelope of the call can be classified as
elliptic (Fig. 17D), rectangular (Fig. 17F, G), or triangular (pointed left; Fig. 17A, C, E) depending on the shape of
the sustain and position of the amplitude peak in the call. More than 50 % of the call energy is concentrated in 34 %
of the call duration around the amplitude peak. Some calls have a slight PAM (there is no silence interval between
the amplitude peaks; Fig. 17 C, E, G). The rate of the PAM is ca. 50 Hz, forming ca. 22 cycles throughout the call.
The cycle rise and fall are similar, with amplitude peak at the middle of the cycle. The call has a harmonic series
(Fig. 13D). The fundamental frequency is ca. 280 Hz and this band can be present with low energy or absent in the
audiospectrograms. The wave periods are regular and the harmonics are clear throughout the call. Subharmonics
are present at the very end of some calls. The dominant frequency varies from ca. 860 to 1550 Hz (Fig. 17B). The
dominant harmonic varies from the third to the fifth harmonic, but it is usually the third. There is no clear shift in
the relative energy between the bands throughout the call. Most of the call energy is between 700 and 1000 Hz (two
harmonics). Usually, the call has a general upward FM with a short downward FM at the end (Fig. 17B, H, I, J, K,
L). Some calls have an up-downward FM at the beginning, yielding arc-shaped bands in this part of the call (Fig.
17L). Additionally, there is PFM throughout the call, which is directly proportional to the synchronic PAM (Fig.
17C,E, G, H, I, L).

Call B (Fig. 17M-R and 16B). We examined two recordings, a total of eight minutes, with 64 calls from four
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.883 to 1.355 s. Call rise
and fall are short and usually similar in duration. In some calls, the rise is longer than the fall. Both can have a linear
or exponential shape. There is a long sustain, usually very irregular, with several amplitude peaks (Fig. 17M, O, P).
The highest amplitude peak is at around the end of the first nine tenths of the call duration (see below; Fig. 17M,
O, P). The envelope of the call can be classified as elliptic, rectangular, or triangular (pointed left; Fig. 17M, O, P)
depending on the shape of the sustain and position of the amplitude peak in the call. More than 50 % of the call en-
ergy is concentrated in 40 % of the call duration around the amplitude peak. The call has an irregular PAM (there is
no silence interval between the amplitude peaks; Fig. 17M). Amplitude peaks are variable in intensity and some of
them can show high amplitude. Usually, that is the case of the last peak, where the amplitude peak of the call is. The
rate of the PAM is ca. 19 Hz even though highly variable, forming ca. 14 peaks throughout the call. The cycle ride
and fall are usually similar, with amplitude peak at the middle of the cycle. The call has a harmonic series (Fig. 16B).
The fundamental frequency is ca. 230 Hz and this band can be present with low energy or absent in the audiospec-
trograms. Usually the wave periods are regular and harmonics are clear throughout the call. However, some parts of
the call can have poorly distinguished harmonics, with considerably deterministic chaos due to the high irregularity
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of the wave periods (Fig. 17Q). Sudden jumps of the fundamental frequency can be present (usually at the end of the
call; Fig. 17Q). Moreover, some calls show subharmonics, usually at their ends (Fig. 17N). The dominant frequency
varies from ca. 840 to 950 Hz (Fig. 17N). The dominant harmonic varies from the third to the fifth harmonic, but it
is usually the fourth. There is no clear shift in the relative energy between the bands throughout the call. Most of the
call energy is between 600 and 1200 Hz (two or three harmonics). The call has a general upward FM with a short
downward FM at the end (Fig. 17N, Q, R). Additionally, there is a remarkable PFM throughout the call, which is
directly proportional to the synchronic PAM where the latter is present (Fig. 17M—R).
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FIGURE 17. Calls A and B of Physalaemus signifer. Oscillograms (A, C-G, M, and O—P) and audiospectrograms (B, H-L, N,
and Q-R). A single typical call A (A and B). Variant A calls with different envelopes and level of periodic amplitude modulation

(C-L). Calls B (M—R). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 48.8 (I-H, N, and
R); 50.7 (J); 69.0 (B); 55.2 (K); 42.3 (L and Q).
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Physalaemus bokermanni Cardoso & Haddad, 1985

We found two different calls, referred to as call A and B. Calls B were common in recordings in which several males
were active and calling at the same night. Calls A and B are composed of harmonics and pulses (i.e., pulse-PAM).
Call B has two notes while Call A has only one. The first note of call B is similar to that of call A. The second note
of call B is much longer than that of call A and has an envelope with a long and gradual rise.
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FIGURE 18. Calls A and B of Physalaemus bokermanni. Oscillograms (A, C, E, and G) and audiospectrograms (B, D, F, and
H). A single typical call A (A and B). Last three pulses of call A (C-D). Single call B (E-F). Six pulses in detail from the middle
of a call B (G—H). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 212 (H); 181 (D); 400
(B); 500 (F).

Call A (Fig. 18A-D and 13E). We examined eight recordings, a total of 12 minutes, with ca. 650 calls from
nine males. Only some of these calls were measured (see Table 2). Call duration varies from 0.177 to 0.197 s. The
call rise is linear or logarithmic-shaped and longer than the fall, which is usually abrupt and logarithmic-shaped;
the amplitude peak is at around the end of the first three fourths of the call duration (Fig. 18A). The envelope of the
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call is elliptic or triangular (pointed left; Fig. 18A, C). More than 50 % of the energy is concentrated in 41 % of the
call duration around the amplitude peak. This call has a strong PAM (with silence intervals present between pulses;
Fig. 18A-D). The rate of the PAM is ca. 35 Hz, forming ca. six pulses throughout the call. The pulse rise is abrupt
and much shorter than the fall; the amplitude peak is at the beginning of the pulse (Fig. 18C). The first one or two
pulses have much lower amplitude than the others (Fig. 18A). Often, the second and the last pulses are the longest
(Fig. 18A, B). Silence intervals are present between pulses, ca. fivefold longer than pulse duration. The first interval
is usually much shorter than the others (Fig. 18 A-D). The call has a harmonic series (Fig. 13E). The fundamental
frequency is ca. 780 Hz and this band can be present with low energy or absent in the audiospectrograms. The
short duration of the pulses makes the bands broad with narrow intervals (Fig. 18B, D). Some pulses can have not
very clear harmonics, with considerably deterministic chaos due to the irregularity of the wave periods (Fig. 18B,
D). There are jumps of the fundamental frequency between pulses in some calls. The dominant frequency varies
from ca. 2840 to 3660 Hz (Fig. 18B). The dominant harmonic varies from the second to the 10®, but it is usually
the fourth. There is no clear shift in the relative energy among the bands throughout the call. Most of the energy is
concentrated between 2600 and 3900 Hz (ca. three harmonics). Usually, there is no clear general FM throughout the
call, however, in some calls the first two pulses have their energy concentrated in lower frequency bands, making
the general FM of the call upward (Fig. 18B).

Call B (Fig. 18E-H and 16C). We examined three recordings, a total of six minutes, with 35 calls from three
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.947 to 1.868 s and the call
has two different notes. Duration of the second note is ca. 1.0 s. The amplitude, temporal and spectral traits of the
first note resemble those of call A, although in call B the first note often has more abrupt rise and fall (Fig. 18E).
Usually, there is a silence interval between the notes (Fig. 18E, F). However, in some calls, this interval is percep-
tible only as a decrease in amplitude. The rise of the second note is logarithmic-shaped and shorter than fall, which
is gradual, almost linear; the amplitude peak of the note is at the end of the first tenth of the note duration (Fig. 18E).
Due to the very short rise and the long and gradual fall, the envelope of the component B is triangular (pointed right;
Fig. 18E). More than 50 % of the energy of the compound call is concentrated in ca. 34 % of the duration around
the amplitude peak. Both notes have a strong PAM (there are silence intervals present between pulses; Fig. 18E-H).
The rate of the PAM is similar to that of the call A, ca. 30 Hz, yielding 28 pulses throughout the call. The rate of the
PAM is less regular in the second note than in the first one. The pulse rise is abrupt and much shorter than the fall;
the amplitude peak is at the beginning of the pulse (Fig. 18G). Some pulses can be twofold longer than the others.
At the beginning of the second note the ratio between the silence interpulse-interval and pulse duration is similar to
that in component A. The interval becomes longer (pulse duration remains the same) towards the end of the call (i.e.,
pulse-PAM rate decreases), mainly after the first fourth of the second-note duration (Fig. 18E, G). Spectral traits of
the second note are similar to those of call A (Fig. 18F, H; see some quantitative differences in Table 2). There is no
general FM in component B (Fig. 18F, H).

Physalaemus angrensis Weber, Gonzaga & Carvalho-e-Silva, 2006

We found two different calls, referred to as call A and B. Calls A and B are composed of harmonics and a single note
each. Call A is composed of pulses whereas Call B has no PAM. Moreover, call B has a stronger general upward FM.
Call B can have irregular FM segments and jumps of the fundamental frequency (vs. absent in call A).

Call A (Fig. 19A-H and 13F). We examined nine recordings, a total of 32 minutes, with ca. 800 calls from 19
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.431 to 0.605 s. In most
calls, the limits between the call rise, sustain, and fall are not clear (for example in calls with elliptic envelopes; see
below; Fig. 19D). In calls where the limits are perceptible, the call rise and fall are similar in duration and shape,
both have a logarithmic or linear shape, and there is a long sustain, which can have shallow valleys and short slopes
(concave and convex shapes, respectively; Fig. 19A). The amplitude peak is at around the end of the first three
fourths of the call duration. The envelope varies from elliptic (Fig. 19D) to rectangular (Fig. 19A) depending on
how emphasized or regular is the sustain. More than 50 % of the energy is concentrated in 37 % of the call duration
around the amplitude peak. This call has a strong PAM (there are silence intervals present between pulses; Fig. 19A,
B, D, E, G, H). The rate of the PAM is ca. 58 Hz, yielding ca. 30 pulses throughout the call. Except for the last pulse,
the pulse rise is longer than the fall and the amplitude peak is around two thirds of the pulse duration. The last pulse
has the opposite envelope with amplitude peak at the beginning (Fig. 19E). The first pulses can have much lower
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amplitude than the others. The last pulse is the longest. There are short silence intervals between pulses, which can
be absent between the first and last pulses (pulses are juxtaposed to neighboring pulses; Fig. 19A, B, D, E, G, H).
Intervals are usually eightfold longer than the pulse durations. The call has a harmonic series (Fig. 13F). The funda-
mental frequency is at ca. 410 Hz and this band can be present with low energy or absent in the audiospectrograms.
The wave periods are regular and harmonics are clear throughout the call. The dominant frequency varies from ca.
1590 to 1780 Hz (Fig. 19B). The dominant harmonic varies from the third to the fifth, but it is usually the fourth.
There is no clear shift in the relative energy among the bands throughout the call. Most of the energy is concentrated
between 1200 and 1900 Hz (three harmonics). The call has a general upward FM (Fig. 19B, G). Additionally, there
is PFM throughout the call, which is usually directly proportional to the synchronic pulse-PAM (Fig. 19E, H). Calls
are usually emitted in short sequences with up to ten calls each (Fig. 19C, F).
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FIGURE 19. Calls A and B of Physalaemus angrensis. Oscillograms (A, C, D, E, I, and K) and audiospectrograms (B, F, G, H,
J, and L). A single typical call A (A-B). Four groups of call A (C and F). A variant call A with a different envelope (D and G).
Last six pulses of the call A (E and H). A single call B (I-J). A single call B with a different envelope (K-L). Horizontal scale
bars have 0.1 s (D, H, K, and L), 20 s (C and F), and 0.05 s (E and H); vertical scale bars have 1 kHz. Filter bandwidth (Hz):
FFT (points): 550 (H); 750 (B, F and G); 1024 (J and L).

Call B (Fig. 191-L and 16D). We examined three recordings, a total of 18 minutes, with ca. 150 calls from five
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.309 to 0.353 s. The call
rise and fall are similar in duration and shape (logarithmic-shaped). There is a sustain, which has shallow valleys,
usually at its beginning and end (Fig. 191, K). The amplitude peak of the call is at around the end of the first four
fifths of the call duration (Fig. 191, K). The envelope varies from elliptic to triangular (pointed left; Fig. 191, K).
More than 50 % of the energy is concentrated in 32 % of the call duration around the amplitude peak. This call has
no PAM. The call has a harmonic series (Fig. 16D). The fundamental frequency is ca. 320 Hz and this band can be
present with low energy or absent in the audiospectrograms. The wave periods are regular and harmonics are clear
throughout the call. The dominant frequency varies from ca. 1080 to 1310 Hz (Fig. 19J). The dominant harmonic
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varies from the second to the seventh harmonic, but it is usually the fourth. There is no clear shift in the relative
energy among the bands throughout the call. Most of the energy is concentrated between 900 and 1400 Hz (two
harmonics). The call has a general upward FM with short downward FM at the end (Fig. 19J, L). The sustain has an
up-downward FM (Fig. 19J, L). There is clear PFM in some parts of the call. Additionally, several calls have parts
with irregular up and downward FM, usually, inversely proportional to the AM directions (Fig. 191-L).

Physalaemus atlanticus Haddad & Sazima, 2004

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a sequence
of pulses (pulse-PAM). Pulses of this call can have subharmonics.

Call A (Fig. 20A—F and 13G). We examined six recordings, a total of 15 minutes, with ca. 450 calls from ten
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.096 to 1.377 s. In most
calls, the limits between the call rise, sustain, and fall are not clear (for example in calls with elliptic envelope; see
below). When perceptible, the call rise and fall of the call are similar in duration and shape, both with a logarithmic
or linear shape, and there is a long and regular sustain. The amplitude peak is at around the middle of the call dura-
tion (Fig. 20A). The envelope varies from elliptic (Fig. 20A) to rectangular (Fig. 20C), depending on how empha-
sized or regular is the sustain. More than 50 % of the energy is concentrated in 38 % of the call duration around the
amplitude peak. This call has a strong PAM (with silence intervals present between pulses; Fig. 20A—F). The rate
of the PAM is ca. 48 Hz, forming ca. 60 pulses throughout the call. The pulse rise is shorter than the fall and the
amplitude peak is at their outset (Fig. 20D). In most calls, the last pulse is the longest (ca. four times the duration
of the other pulses). Silence intervals are present between pulses, which is approximately as long as the pulses (Fig.
20D). The call has a harmonic series (Fig. 13G). The fundamental frequency is ca. 440 Hz and is generally absent
in the audiospectrograms. The wave periods are regular and harmonics are clear throughout the call. However, the
short duration of the pulses makes the bands broad with narrow intervals. Longer pulses have subharmonics (usually
f,1/2). The dominant frequency varies from ca. 950 to 1380 Hz (Fig. 20B). The dominant harmonics varies between
the second and third, but it is usually the second. There is no clear shift in the relative energy among the bands
throughout the call. Most of the energy is concentrated between 900 and 1500 Hz (two harmonics). Some calls have
a slight upward general FM (Fig. 20B, E). Most calls have neither general FM nor other additional FM in the call.
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FIGURE 20. Call A of Physalaemus atlanticus. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single typi-
cal call with elliptic envelope (A and B). Variant call with different envelope and general FM (C and E). Last pulses of the call
(D and F). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. FFT (points): 750 (F); 1024 (B and E).

Physalaemus moreirae (Miranda-Ribeiro, 1937)
We found two different calls, referred to as call A and B. Calls A and B are composed of a single harmonic note

each. Call A is composed of pulses whereas Call B is not. Moreover, call B has irregular FM segments (vs. absent
in call A).

52 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL



Amplitude (kU)
o

4

it e
—

it [ ‘ " D H
h
5 __

Frequency (kHz)
- N W A O

~3
e
——
o
0.

0.2 0.4 06 F J

Time 5 MWM»Mmhs“thmfw‘WWWNW b mJ

Amplitude (kU)
o

Frequency (kHz)
- N W A O

100 200 300 400
Time (ms)

FIGURE 21. Calls A and B of Physalaemus moreirae. Oscillograms (A, C, D, E, F, and K) and audiospectrograms (B, G, H, I,
J, and L). A single typical call A with elliptic envelope (A and B). Variant calls A with different envelopes (C, G, E, and I). Last
pulses of the calls A (D, H, F, and J). Note the longer duration of the last pulse (D, H, F, and J). A single call B (K-L). Note that
only the call B has clear FM segments and no pulses. Horizontal scale bars have 0.2 s (C, G, E, and I) and 0.02 s (D, H, F, and
J); vertical scale bars have 1 kHz (G, I, and J) and 0.8 kHz (H). Filter bandwidth (Hz): 84.6 (B, H, I, J, and L); 61.9 (G).

Call A (Fig. 21A-J and 13H). We examined three recordings, a total of one minute, with 68 calls from five
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.499 to 0.567 s. In most
calls, the limits between call rise, sustain, and fall are not clear (for example in calls with elliptic envelope; Fig.
21E). When perceptible, the call rise and fall are similar in duration and shape, both with a linear shape, and there is
a long sustain. This segment can be regular and flat (Fig. 21A) or quite irregular with AM segments within it (Fig.
21C). The amplitude peak is usually at around the middle of the call duration. The envelope varies from elliptic
(Fig. 21E) to triangular (pointed left; Fig. 21C). More than 50 % of the energy is concentrated in 35 % of the call
duration around the amplitude peak. The call has a strong PAM (with silence intervals present between pulses; Fig
21A, C, E). The rate of the PAM is ca. 42 Hz, forming ca. 23 pulses throughout the call. Most pulses have an elliptic
envelope with the amplitude peak around the middle of the pulse. The very first pulses have rise longer than fall,
amplitude peak at the end of pulse and the very last pulses have the opposite shape (amplitude peak at the beginning
of the pulse; Fig. 21D, F). The last pulse is the longest (Fig. 21 A-J). Short silence intervals are present between the
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pulses, but can be absent between the first and last pulses (pulses are juxtaposed to neighboring pulses; Fig. 21A, C,
D, E, F). The call has a harmonic series (Fig. 13H). The fundamental frequency is ca. 230 Hz and this band can be
present with low energy or absent in the audiospectrograms. Usually, the wave periods are regular and harmonics
are clear throughout the call. However, the short duration of the pulses (except the last) make the bands broad with
narrow intervals. Where two pulses are juxtaposed, the wave periods are less regular, and the harmonics are less
clear with deterministic chaos (Fig. 21B, G, H, 1, J). The dominant frequency varies from ca. 770 to 1250 Hz (Fig.
21B). The dominant harmonic varies from the third to the eighth, but it is usually the third or fourth. There is no
clear shift in the relative energy among the bands throughout the call. Most of the energy is concentrated between
700 and 1300 Hz (three harmonics). A few calls have a slight upward general FM (Fig. 21H, I). Usually, there is no
clear general FM (Fig. 21B). Calls have a short downward FM at the end (Fig. 21H, J) and PFM throughout the call
without clear relationship with the synchronic pulse-PAM (Fig. 21E, F, 1, J).

Call B (Fig. 21K-L and 16E). We examined one recording, a total of one minute, with one call from one male.
This call was also measured (see Table 2). A single call was recorded. Call duration is 0.254 s. The call rise and fall
are similar in duration and shape (exponential-shaped). There is a long sustain, which is regular until the amplitude
peak at the end of the call, around nine tenths of the call duration. The envelope is triangular (pointed left; Fig. 21K).
More than 50 % of the energy is concentrated in 54 % of the call duration around the amplitude peak. This call
has no PAM. The call has a harmonic series (Fig. 16E). The fundamental frequency is at ca. 280 Hz and this band
is generally absent in the audiospectrogram. The wave periods are regular and harmonics are clear throughout the
call. However, the wave periods are less regular at the middle of the call, with biphonation regime (Fig. 21L). The
dominant frequency is ca. 860 Hz (Fig. 21L). The dominant harmonic varies from the second to the fifth, but it is
usually the third or fourth. There is no clear shift in the relative energy among the bands throughout the call. Most of
the energy is concentrated between 800 and 1400 Hz (often, three harmonics). The long downward FM segment at
the beginning makes the general FM of the call downward. There is a slight PFM throughout the call. Additionally,
the call has parts with irregular up and downward FM (Fig. 21L).

Physalaemus cuvieri clade

Species of this clade typically have one call type (but see P. cuvieri in Table 1). Whine-like calls are characteristic
emissions in this clade (except in the P. henselii group and P. cicada). The major aspects of these calls are clear har-
monics, high fundamental frequency (> 400 Hz; except P. olfersii group and P. centralis), high energy in the lower
harmonics (except in P. olfersii group), downward direction of the general FM (except in the P. olfersii group), and
an up-downward FM at the beginning of the call, yielding arc-shaped bands in this part of the call and S-shaped
bands when considering the entire call (except in P. henselii and P. olfersii groups). Nonlinear regimes are relatively
rare in the clade (present in P. barrioi, P. cuvieri, P. ephippifer, P. gracilis, P. lisei, and P. soaresi).

Physalaemus henselii species group

Only one call type was recorded for this group. Calls with high frequency bands (> 1800 Hz). Physalaemus fernan-
dezae is the only species with a single frequency band. Physalaemus henselli has two independent band-series, one
harmonic series and another composed of sidebands.

Physalaemus fernandezae (Miiller, 1926)

We found a single call type for the species, referred to as call A. The call is composed of a single note with a strong
PAM without silence interval between the cycles. There is a single frequency band with clear upward FM.

Call A (Fig. 22A-B). We examined two recordings, a total of three minutes, with ca. 400 calls from 10 males.
Only some of these calls were measured (see Table 2). Call duration varies from 0.339 to 0.969 s. Usually, the limit
between the call rise and sustain is not clear. Apparently, the rise is restricted to the very beginning of the call. Most
of the segment with amplitude increase was classified as the sustain of the call. Therefore, the call rise and fall are
similar in duration and shape (linear or logarithmic). The sustain is long and with an exponential increasing pattern
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(Fig. 22A). The amplitude peak is at the very end of the call duration (Fig. 22A). The envelope of the call is trian-
gular (pointed left; Fig. 22A). More than 50 % of the energy is concentrated in 29 % of the call duration around the
amplitude peak. The call has a slight PAM (with no silence intervals present between amplitude peaks; Fig. 22A)
with rate of ca. 31 Hz, yielding ca. 21 cycles throughout the call. The cycle rise is similar to the fall, with amplitude
peak at the middle of the cycle. A single frequency band is present around 3000 Hz (Fig. 22B). The wave periods
are regular and the band is narrow and clear throughout the call. The dominant frequency varies from ca. 2880 to
3230 Hz (Fig. 22B). Most of the energy is concentrated between 2700 and 3200 Hz. The call has upward FM (Fig.
22B). Additionally, there is a slight PFM, which is directly proportional to the synchronic PAM (Fig. 22A-B).
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FIGURE 22. Call A of Physalaemus fernandezae. Oscillograms (A) and audiospectrograms (B). A single typical call (A and B).
Filter bandwidth (Hz): 84.6 (B).

Physalaemus henselii (Peters, 1872)

We found a single call type for the species, referred to as call A. The call is composed of a sequence of pulses (i.e.,
pulse-PAM). The call is spectrally polymorphic; some calls have pulses with sidebands.

Call A (Fig. 23A-F and 24A). We examined two recordings, a total of four minutes, with ca. 200 calls from six
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.289 to 0.493 s. The call
rise is usually very abrupt and shorter than the call fall (Fig. 23C), which has an exponential shape. The call rises are
longer and more similar to falls. The sustain varies from flat to very steep in shape. The envelope of the call is ellip-
tic, rectangular (Fig. 23C), or triangular (pointed left; Fig. 23A). More than 50 % of the energy is concentrated in 53
% of the call duration around the amplitude peak. The call has a strong PAM (with silence intervals present between
pulses; Fig. 23A-F). The rate of the PAM is ca. 54 Hz, forming ca. 20 pulses throughout the call. The envelope of
the pulses is variable; however, the pulse rise is usually shorter than the fall, with amplitude peak at the beginning
of the pulse. Silence intervals are present between pulses, with durations slightly longer than pulse duration except
between the first pulses, where the intervals are very short or even absent (pulses are juxtaposed; Fig. 23A, C, D).
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The call has a harmonic series (Fig. 24A). The fundamental frequency is at ca. 1900 Hz and this band is also the
dominant frequency (see below). The wave periods are regular and harmonics are clear throughout the call. The call
shows an additional frequency series with bands separated by ca. 250 Hz series produced by a PAM present within
pulses (Fig. 23E, F). This series is very variable (30 to 550 Hz) and it is not multiple of the harmonic series. Both
seem to be independent of each other. Therefore, we called the 250-Hz bands as sidebands. The short duration of the
pulses makes the bands broad with narrow intervals. In parts where two pulses are juxtaposed, or at least very close
to each other, the wave periods are less regular, the harmonics can be less clear with deterministic chaos (Fig. 23E).
The dominant frequency varies from ca. 1690 to 2160 Hz (Fig. 23B). The first harmonic is the dominant. There is
no clear shift in the relative energy among the bands throughout the call. Most of the energy is concentrated between
650 and 2600 Hz (one harmonic). Most of the call energy is between 1400 and 2400 Hz. There is usually neither a
clear general FM nor other shorter FM segment in the call. Some calls, mainly those with juxtaposed pulses, show
a slight PFM following the PAM (see beginning of the call in Fig. 23E).
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FIGURE 23. Call A of Physalaemus henselii. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single typical
call (A-B). A variant call with a different envelope (C and E). Last pulses of a call (D and F). Horizontal scale bars have 0.1 s
(C and E) and 0.02 s (D and F); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 135 (B); 92.1 (F); 69 (E).

Physalaemus cuvieri species group

Only one call type was recorded for this group (but see P. cuvieri in Table 1). All species have calls similar, to the
human ear, to nasal-like whines with downward FM. Calls have a general downward FM and a subtle up-downward
FM at the beginning of the call, yielding arc-shaped bands in this part of the call and S-shaped bands when consider-
ing the entire call duration (e.g., P. erikae and P. kroyeri; this modulation is short and subtle in some species such as
P albonotatus, P. cuqui, and P. atim). A few species (P. albonotatus, P. atim, P. cuqui, and P. ephippifer) have weak
to intermediate PAM, i.e., silence intervals are absent between pulses. This PAM leads to amplitude cycles through-
out the call. Subharmonics are always present in calls of two species in this clade (P. cuvieri and P. ephippifer).

Physalaemus albonotatus (Steindachner, 1864)

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a slight
PAM without silence intervals. It has a gradual downward FM throughout the call.

Call A (Fig. 25A—H and 24B). We examined 14 recordings, a total of 24 minutes, with ca. 330 calls from 26
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.333 to 1.429 s. In most
calls the limits between the call rise, sustain, and call fall are not clear (for example, see elliptic envelope in Fig
25A). In calls where they are perceptible, the call rise and fall can be similar in duration with variable shape (linear,
exponential, or logarithmic) or call fall is shorter than the rise. In some calls, there is a long regular sustain (Fig.
25E). The amplitude peak of the calls measured is at around the end of the first three fourths of the call duration.
The envelope varies from elliptic (Fig. 25A, C, D) to rectangular (Fig. 25E). More than 50 % of the call energy is
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FIGURE 24. Multiplicity relationship between “instantaneous” dominant frequency and w of calls A of eight Physalaemus
species. Each graph shows a single call A of P. henselii (A), P. albonotatus (B), P. cuqui (C), P. atim (D), P. albifrons (E), P.
erikae (F), P. kroyeri (G), P. centralis (H). Grid corresponds to the harmonic values (right y-axis). Red squares are the values of
“instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles are the factor values of the
ratio “instantaneous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the duration of one period of
the measured acoustic oscillation. Note that factors around integer values suggest harmonic relationship between the frequency
calculated (w reciprocal) and the dominant frequency. The heterogeneity of the factors in P. henselii (A) suggests sidebands.
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concentrated in 42 % of the call duration around the amplitude peak. The call has a slight PAM (there is no silence
interval between amplitude peaks; Fig. 25A, C, D, E). The rate of the PAM is ca. 25 Hz, forming ca. 35 cycles
throughout the call. The cycle rise and fall are similar, with amplitude peak at the middle of the cycle. The call has
a harmonic series (Fig. 24B). The fundamental frequency is ca. 530 Hz and approximately the first six harmonics
are emphasized. The wave periods are regular and harmonics are clear throughout the call. The dominant frequency
varies from ca. 1590 to 2440 Hz (Fig. 25B). The dominant harmonic varies from the first to the sixth, but it is usu-
ally the fifth. There is a clear shift in relative energy among the bands; the dominant frequency gets higher toward
the end of the call, starting at first harmonic and ending in the fifth or sixth one (Fig. 25B, F, G, H). Most of the call
energy is between 450 and 2950 Hz (five to six harmonics). The call has a general downward FM. Additionally the
calls have a subtle up-downward FM at the beginning, yielding arc-shaped bands in this part of the call (Fig. 25F, G,
H), and a short downward FM at the end (Fig. 25B, F, G, H). The general downward FM and the initial up-down-
ward FM result in S-shaped harmonics when considering the entire call. The call also has a PFM, which is inversely
proportional and synchronic to the PAM (Fig. 25A, B, C, E, F, H). In a few calls, the rate of the PAM is very low and
so is the number of cycles (Fig. 25D, G). In those calls, the PFM is equally slow and weak (Fig. 25D, G).

C

Amplitude (MU)
o

B e e——

Frequency (kHz)
- N W » O

05

Time (s) J

FIGURE 25. Call A of Physalaemus albonotatus. Oscillograms (A, C, D, and E) and audiospectrograms (B, F, G, and H). A
single typical call with elliptic envelope (A and B). Variant calls with different envelopes (C—H). Note the calls with clear PAM
and PFM (A-C, E-F, and H) and that with irregular PAM and slight PFM (D and G). Horizontal scale bars have 0.1 s; vertical
scale bars have 1 kHz. FFT (points): 3000 (B and G); 2500 (F); 2000 (H).

Physalaemus cuqui Lobo, 1993

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a slight
PAM without silence intervals. It has a gradual downward FM throughout the call.

Call A (Fig. 26A-B and 24C). We examined two recordings, a total of two minutes, with 47 calls from six
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.215 to 1.500 s. The limits
between the call rise, sustain, and call fall are not clear (see elliptic envelope in Fig. 26A); the envelope is linear- or
exponential-shaped until the amplitude peak and logarithmic-shaped from the peak to the end of the call (Fig. 26A).
The amplitude peak is at around the end of the first two thirds of the call duration. The envelope is elliptic (Fig.
26A). More than 50 % of the call energy is concentrated in 26 % of the call duration around the amplitude peak. The
call has a slight PAM (there is no silence interval between amplitude peaks; Fig. 26A). The rate of the PAM is ca. 21
Hz, yielding ca. 29 cycles throughout the call. The cycle rise and fall are similar, with amplitude peak at the middle
of the cycle. The call has a harmonic series (Fig. 24C). The fundamental frequency is ca. 510 Hz and approximately
the first seven harmonics are emphasized. The wave periods are regular and harmonics are clear throughout the call.
The dominant frequency is ca. 2850 Hz (Fig. 26B). The dominant harmonic varies from the first to the sixth, but it
is usually the sixth. There is a clear shift in relative energy among the bands; the dominant frequency gets higher
toward the end of the call, starting at first harmonic and ending in the sixth one (Fig. 26B). Most of the call energy is
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between 500 and 3000 Hz (five to six harmonics). The call has a general downward FM. Additionally the calls have
a subtle up-downward FM at the beginning, yielding a arc-shaped bands in this part of the call in audiospectrograms,
and a short downward FM at the end (Fig. 26B). The general downward FM and the initial up-downward FM result
in S-shaped harmonics when considering the entire call (Fig. 26B). The call also has a PFM, which is inversely
proportional and synchronic to the PAM (26A-B).
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FIGURE 26. Call A of Physalaemus cuqui. Oscillogram (A) and audiospectrogram (B). A single call (A and B). Filter band-
width (Hz): 61.9 (B).

Physalaemus atim Brasileiro & Haddad, 2015

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a gradual
downward FM throughout the call.

Call A (Fig. 27A-D and 24D). We examined one recording, a total of 11 seconds, with 11 calls from four males.
Most of these calls were measured (see Table 2). Call duration varies from 0.779 to 0.995 s. The limits between the
call rise, sustain and call fall are not clear (Fig. 27A). In calls where they are perceptible, the call rise and fall can
be similar in duration with variable shape (linear, exponential, or logarithmic) or fall is shorter than rise. The sustain
is irregular with short amplitude valleys (Fig. 27A). The amplitude peak is at around the end of the first three fifths
of the call duration. The envelope is elliptic (Fig. 27A), rectangular (Fig. 27C) or triangular (pointed left). More
than 50 % of the call energy is concentrated in 33 % of the call duration around the amplitude peak. The call has
an irregular slight PAM (there is no silence interval between amplitude peaks). The rate of the PAM is ca. 45 Hz,
forming ca. 24 peaks throughout the call. The cycle rise and fall are similar, with amplitude peak at the middle of the
cycle. The call has a harmonic series (Fig. 24D). The fundamental frequency is ca. 430 Hz and approximately the
first eight harmonics are emphasized. The wave periods are regular and harmonics are clear throughout the call. The
dominant frequency varies from ca. 1980 to 2330 Hz (Fig. 27B). The dominant harmonic varies from the first to the
seventh, but it is usually the sixth. There is a clear shift in relative energy among the bands; the dominant frequency
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gets higher toward the end of the call, starting at the first harmonic and ending at the sixth (Fig. 27D). Most of the
call energy is between 700 and 2700 Hz (five to six harmonics). The call has a general downward FM (Fig. 27B,
D). Additionally, the calls have a subtle up-downward FM at the beginning, yielding arc-shaped bands in this part
of the call (Fig. 27D), and a short downward FM at the end (Fig. 27B, D). The general downward FM and the initial
up-downward FM result in S-shaped harmonics when considering the entire call. There is no clear PFM.
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FIGURE 27. Call A of Physalaemus atim. Oscillograms (A and C) and audiospectrograms (B and D). A single typical call with
elliptic envelope (A and B). A variant call with a different envelope (C and D). Horizontal scale bars have 0.1 s; vertical scale
bar has 1 kHz. FFT (points): 1024 (B and D).

Physalaemus albifirons (Spix, 1824)

We found a single call type for the species, referred to as call A. The call is composed of a short single harmonic note
with an elliptic envelope. It has a general downward FM throughout the call but with an up-downward FM segment
in the first three fourths of the call duration.

Call A (Fig. 28A—F and 24E). We examined two recordings, a total of two minutes, with ca. 90 calls from
two males. Only some of these calls were measured (see Table 2). Call duration varies from 0.263 to 0.297 s. The
call rise and fall durations are similar to each other in duration and shape (linear to exponential). There is a sustain,
usually with a concave shape, yielding two amplitude peaks around the middle of the call (Fig. 28A). The amplitude
peak is at around the middle of the call duration. The envelope is elliptic (Fig. 28A, C). More than 50 % of the call
energy is concentrated in 24 % of the call duration around the amplitude peak. There is no PAM in the call. The
call has a harmonic series (Fig. 24E). The fundamental frequency is ca. 480 Hz and approximately the first seven
harmonics are emphasized. The wave periods are regular and harmonics are clear throughout the call. The dominant
frequency varies from ca. 2440 to 2670 Hz (Fig. 28B). The dominant harmonic varies from the second to the ninth,
but it is usually the fifth. There is a clear shift in the relative energy among the bands; the dominant frequency gets
higher toward the end of the call, starting at the second harmonic and ending at the eighth or ninth (Fig. 28B, E,
F; 24E). Thenceforth, it gets lower, ending in the seventh or sixth harmonic (Fig. 28B, E, F; 24E). Most of the call
energy is between 1100 and 3700 Hz (six to nine harmonics). The call has a general downward FM (Fig. 28B, E, F).
Additionally, the calls have an up-downward FM in the first three fourths of the call duration, yielding arc-shaped
bands in this part of the call and a short downward FM at the end (Fig. 28B, E, F). The general downward FM and
the initial up-downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 28. Call A of Physalaemus albifrons. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single typi-
cal call with elliptic envelope (A—B). Variant calls with different envelopes and levels of FM (C-F). Horizontal scale bars have
0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 92.1 (B); 81.2 (E); 78.9 (F).

Physalaemus erikae Cruz & Pimenta, 2004
We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note. It

has a general downward FM throughout the call but with an up-downward FM segment in the first sixth of the call
duration.
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FIGURE 29. Call A of Physalaemus erikae. Oscillograms (A, C, D, and E) and audiospectrograms (B, F, G, and H). A single
typical call (A and B). Variant calls A with differences in their envelopes (C—H). Horizontal scale bars have 0.1 s; vertical scale
bars have 1 kHz. Filter bandwidth (Hz): 61.9 (B, F, and G); 67.4 (H).

Call A (Fig. 29A—-H and 24F). We examined two recordings, a total of four minutes, with 37 calls from four
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.478 to 0.566 s. The limits
between the call rise, sustain, and call fall are not clear (mainly in calls with elliptic envelope, see Fig. 29C, D).
When perceptible, the call rise and fall can be similar in duration, or fall shorter than rise. Usually, call rise has an
exponential shape, whereas call fall has a logarithmic shape. When present, the sustain is irregular, usually with
short and very shallow amplitude valleys (Fig. 29A, E). The amplitude peak is at around the middle of the call du-
ration. The envelope of the call varies from elliptic (Fig. 29C, D, E) to slightly rectangular (when flat sustains are
present; Fig. 29A). More than 50 % of the call energy is concentrated in 30 % of the call duration around the ampli-
tude peak. There is no PAM in the call. The call has a harmonic series (Fig. 24F). The fundamental frequency is ca.
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420 Hz and approximately the first eight harmonics are emphasized. The wave periods are regular and harmonics
are clear throughout the call. The dominant frequency varies from ca. 2840 to 2890 Hz (Fig. 29B). The dominant
harmonic varies from the first to the seventh. There is a clear shift in the relative energy among bands; the dominant
frequency gets higher toward the end of the call, starting at the first harmonic and ending at the seventh (Fig. 24F,
29B, F, G, H). Most of the call energy is between 650 and 3450 Hz (five to six harmonics). The call has a general
downward FM (Fig. 29B, F, G, H). Additionally, the calls have an up-downward FM in the first sixth of the call
duration, yielding arc-shaped bands in this part of the call, and a short downward FM at the end (Fig. 29B, F, G, H).
The general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the
entire call. There is no PFM.

Physalaemus kroyeri (Reinhardt & Liitken, 1862)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with a
general downward FM throughout the call and an up-downward FM segment in the first fifth of the call duration.

Call A (Fig. 30A—F and 24G). We examined four recordings, a total of six minutes, with ca. 190 calls from
eight males. Only some of these calls were measured (see Table 2). Call duration varies from 0.673 to 0.759 s. In
some calls the limits between the call rise, sustain and call fall is not very clear (mainly in calls with elliptic enve-
lope, Fig. 30A). The call rise and fall are similar in duration. Usually, the call rise has a short logarithmic-shaped
section followed by an exponential shape, whereas call fall has an exponential shape only. The sustain is irregular,
usually with short or long shallow valleys (Fig. 30D). The amplitude peak is usually before the middle of the call
duration. The envelope varies from elliptic (Fig. 30A, C) to almost rectangular (when flat sustains are present; Fig.
30D). More than 50 % of the call energy is concentrated in 34 % of the call duration around the amplitude peak.
There is no PAM in the call. The call has a harmonic series (Fig. 24G). The fundamental frequency is ca. 480 Hz
and approximately the first seven harmonics are emphasized. The wave periods are regular and harmonics are clear
throughout the call. The dominant frequency varies from ca. 2060 to 2160 Hz (Fig. 30B). The dominant harmonic
varies from the second to the sixth (Fig. 24G, 30E, F). There is a clear shift in the relative energy between the bands;
the dominant frequency gets higher until three fourths of the call duration, starting at the second harmonic and end-
ing at the sixth; thenceforth, it gets lower, ending at the third harmonic (Fig. 24G, 30E, F). Most of the call energy
is between 450 and 2700 Hz (four to seven harmonics). The call has a general downward FM (Fig. 30B, E, F). Ad-
ditionally, the calls have an up-downward FM in the first fifth of the call duration, yielding arc-shaped bands in this
part of the call, and a short downward FM at the end (Fig. 30B, E, F). The general downward FM and the initial
up-downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 30. Call A of Physalaemus kroyeri. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single typical
call with elliptic envelope (A—C). Variant calls A with different envelopes (C—F). Horizontal scale bars have 0.2 s; vertical scale
bars have 1 kHz. Filter bandwidth (Hz): 78.9 (F); 55.2 (E); 110 (B).
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Physalaemus centralis Bokermann, 1962

We found a single call type for the species, referred to as call A. The call is composed of single harmonic note with
a very low fundamental frequency. Frequency modulations are subtle (20 Hz), still the call has a general downward
FM, with an up-downward FM segment in the first third of the call duration.
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FIGURE 31. Call A of Physalaemus centralis. Oscillograms (A and C) and audiospectrograms (B, D, and E). A single typical
call (A-B). A variant call with a different envelope (C). Audiospectrograms with apparent bands at a narrow filter (B) and bands
not visible at wide filter (D; see filter values below). Sequence with three calls (E); note the frequency modulations (see text).
Horizontal scale bars have 0.1 s (C and D) and 0.5 s (E); vertical scale bars have 1 kHz (D) and 0.5 kHz (E). Filter bandwidth
(Hz): 34.5 (B and E); 135 (D).

Call A (Fig. 31A-E and 24H). We examined 16 recordings, a total of 36 minutes, with ca. 1880 calls from 25
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.404 to 0.550 s. The call
rise is much longer than call fall. Call rise has a short gradual increase followed by a long exponential part (Fig.
31C). In some calls the rise remains with very low amplitude until the limit with the sustain, where the amplitude
increases abruptly (Fig. 31A). The sustain is regular, slightly decreasing towards the end of the call. The call fall is
proportionally short and with logarithmic shape. The amplitude peak is at around the middle of the call duration. The
envelope varies from elliptic (Fig. 31C) to almost rectangular (in calls in which the rise is not gradual; Fig. 31A).
More than 50 % of the call energy is concentrated in 25 % of the call duration around the amplitude peak. There is
no PAM in the call. The call has a harmonic series (Fig. 24H). However, due to the low fundamental frequency (see
below), the wave peaks are shown as pulses in audiospectrograms at broad filter bandwidth (e.g., above 100 Hz; Fig.
31E). The bands are observed in audiospectrograms at narrow filter bandwidth (e.g., below 90 Hz; Fig. 31B, D). The
fundamental frequency is ca. 90 Hz. This band and the next harmonic are generally absent in audiospectrograms.
There are ca. 20 emphasized harmonics. The wave periods are regular and harmonics clear throughout the call. The
dominant frequency varies from ca. 1410 to 1500 Hz (Fig. 31B). The dominant harmonic varies from the fourth
to the 21%, but it is usually between the 15" and 18", There is a clear shift in the relative energy among bands; the
dominant frequency gets higher toward the end of the call, starting at the fourth, fifth or sixth harmonic and ending
at the 15", 19%, 20™, or 21%(Fig. 24H, 31B, D). Most of the call energy is between 600 and 1650 Hz (eight to twelve
harmonics). Frequency modulations are subtle and better perceptible in audiospectrograms with wide filter band-
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widths (e.g., Fig. 31E). The call has a general downward FM. Additionally, the calls have an up-downward FM in
the first third of the call duration, yielding arc-shaped bands in this part of the call, and a short downward FM at the
end (Fig. 31B, D). The general downward FM and the initial up-downward FM result in S-shaped harmonics when
considering the entire call. There is no PFM.

Physalaemus cuvieri Fitzinger, 1826

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note,
usually with a triangular envelope that resembles an arrow-like shape. It has a general downward FM, with an up-
downward FM segment in the first half of the call and a short upward FM segment at the end. Subharmonics are
always present in the first half of the call.

Call A (Fig. 32A-V and 33A). We examined 75 recordings, a total of 94 minutes, with ca. 10200 calls from 228
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.257 to 0.311 s. The enve-
lope is very variable (Fig. 32A, C—G, M—Q). In most calls, the limits between the call rise, sustain and call fall are
not clear. The ratio between call rise and fall duration, and their shape, are highly variable. Most calls have a fall lon-
ger than rise, or both have the same duration. Their shape varies from exponential to linear or logarithmic. The call
rise has two consecutive exponential parts, the first shorter than the second. The sustain, when present, is irregular,
usually composed of a shallow or deep valley (i.e., with a concave shape; Fig. 32A, C, D, G, M, Q). The amplitude
peak is usually before the middle of the call duration. The envelope varies from elliptic (Fig. 32A, C, D, N, O, P, Q)
to triangular (pointed right; Fig. 32E, M). Due to the concave shape of the sustain, the triangular envelope of some
calls resembles an arrow. More than 50 % of the call energy is concentrated in 20 % of the call duration around the
amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 33A). The fundamental frequency
is ca. 650 Hz and approximately the first seven harmonics are emphasized. The wave periods are regular and har-
monics are clear throughout the call. Subharmonics (f1/2) are present in ca. the first half of all calls examined (this
part can be shorter or longer than one half of the call duration; Fig. 32B, H-L, R—V). The dominant frequency varies
from ca. 690 to 780 Hz (Fig. 32B). The dominant harmonic is the first or second (at the very end of the call), but it is
usually the first. There is a clear shift in the relative energy among bands. Although there is no shift in the dominant
frequency, the higher bands get more energy toward the end of the call (Fig. 32K, L, T, V). Most of the call energy
is between 500 and 1300 Hz (one or two harmonics). The call has a general downward FM (Fig. 32B, H-L, R-V).
Additionally, the calls have an up-downward FM in the first half of the call duration, forming arc-shaped bands in
this part of the call, and a short upward FM at the end (Fig. 32B, H-L, R—V). The general downward FM and the
initial up-downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 32. Call A of Physalaemus cuvieri. Oscillograms (A, C—G, and M—Q) and audiospectrograms (B, H-L, and R—V). A
single typical call A (A and B). Variant calls A with different envelopes and spectral features (C—V). Horizontal scale bars have
0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 106.0 (U); 69.0 (T); 115.0 (V); 84.6 (B and I); 78.9 (L and R); 92.1
(J, K, S, and H).
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FIGURE 33. Multiplicity relationship between “instantaneous” dominant frequency and w of calls A of eight Physalaemus
species. Each graph shows a single call A of P. cuvieri (A), P. ephippifer (B), P. fischeri (C), P. cicada (D), P. aguirrei (E), P.
soaresi (F), P. maximus (G), P. feioi (H). Grid corresponds to the harmonic values (right y-axis). Red squares are the values

of “instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles are the factor values

of the ratio “instantaneous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the duration of one

period of the measured acoustic oscillation. Note that factors around integer values suggest harmonic relationship between the

frequency calculated (w reciprocal) and the dominant frequency. Factors multiple of 2 of the fundamental frequency correspond

to subharmonics (see P. ephippifer; B).
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Physalaemus ephippifer (Steindachner, 1864)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
a triangular envelope that resembles an arrow-like shape. There is usually a slight PAM (without silence intervals) in
the final three fourths of the call duration. The call has a general downward FM, with an up-downward FM segment
in the first third or first half of the call duration. Subharmonics are always present in the first half of the call.

Call A (Fig. 34A-F and 33B). We examined two recordings, a total of one minute, with ca. 130 calls from six
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.466 to 0.523 s. The call
rise and fall are similar in duration and shape (exponential). The sustain is composed of a long and deep valley (i.e.,
with a concave shape; Fig. 34A, C). The envelope varies from elliptic to triangular (pointed right). Due to the con-
cave shape of the sustain, the triangular shape of some calls resembles an arrow (Fig. 34A). The amplitude peak is at
the end of the first fourth of the call duration. More than 50 % of the call energy is concentrated in 38 % of the call
duration around the amplitude peak. Some calls have an intermediate PAM only in the final three fourths of the call
duration (there is no silence interval between amplitude peaks; Fig. 34A). The rate of the PAM is ca. 26 Hz, form-
ing ca. eight cycles throughout part of the call where the PAM is present. The cycle rise and fall are similar, with
amplitude peak at the middle of the cycle. The call has a harmonic series (Fig. 33B). The fundamental frequency is
ca. 590 Hz and approximately the first eight harmonics are emphasized. The wave periods are regular and harmon-
ics are clear throughout the call. Subharmonics (f;1/2) are present in ca. the first third or half of all calls examined
(Fig. 34B, E, F). The dominant frequency varies from ca. 820 to 2630 Hz. The dominant harmonics are the first,
third, fourth, fifth or sixth (usually the first or sixth; Fig. 33B, 34B). At the beginning of the call the subharmonic
1.5 is the dominant band (Fig. 34B, F). There is a clear shift in the relative energy among the bands in the second
half of the call; the dominant frequency gets higher toward the end of the call, starting at the first harmonic, mov-
ing to the fifth, and ending at the sixth; thenceforth, it dominant frequency gets lower, moving to the fourth or third
harmonic (Fig. 33B, 34B). Most of the call energy is between 550 and 2750 Hz (three to five harmonics). The call
has a general downward FM (Fig. 34B, E). Additionally, calls have an up-downward FM in the first third or half of
the call duration, yielding arc-shaped bands in this part of the call and a short downward FM at the end (Fig. 34B,
E). The general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the
entire call. Calls have a PFM throughout the second half of the call, which is inversely proportional and synchronic
to the PAM (Fig. 34A, B).
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FIGURE 34. Call A of Physalaemus ephippifer. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A single
typical call with PAM and PFM (A-B). A variant call with a different envelope without clear PAM or PFM (C-E). Middle of the
call with the transition moment between the segments with and without subharmonics (D-F). Horizontal scale bars have 0.1 s
(C and E) and 0.05 s (D and F); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 84.6 (B); 90.6 (E); 61.9 (F).

Physalaemus fischeri (Boulenger, 1890)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note
with an envelope varying from elliptic to almost triangular, resembling an arrow-like shape. It has a general down-
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ward FM, with a slight up-downward FM segment in the first half of the call duration and a short upward FM at the
end.

Call A (Fig. 35A-B and 33C). We examined three recordings, a total of five minutes, with ca. 60 calls from
five males. Only some of these calls were measured (see Table 2). Call duration varies from 0.795 to 0.850 s. The
call rise and fall are similar in duration and shape (exponential). The sustain is usually composed of a long and deep
valley (i.e., with a concave shape). The envelope varies from elliptic to triangular (pointed right; Fig. 35A). Due
to the concave shape of the sustain, the triangular shape of some calls resembles an arrow. The amplitude peak is
at around the end of the first two fifths of the call duration. More than 50 % of the call energy is concentrated in
18 % of the call duration around the amplitude peak. There is no PAM in the call. The call has a harmonic series
(Fig. 33C). The fundamental frequency is ca. 410 Hz, and this band can be present with low energy or absent in the
audiospectrograms. There are ca. six emphasized harmonics. The wave periods are regular and harmonics are clear
throughout the call. However, jumps of the fundamental frequency, subharmonics and deterministic chaos can be
present at the end of the call (Fig. 35B). The dominant frequency is ca. 850 Hz (Fig. 35B). The dominant harmonic
is the second. There is a clear shift in the relative energy among bands, higher bands getting more energy toward the
end of the call (Fig. 33C, 35B). Most of the call energy is between 650 and 1800 Hz (two to four harmonics). The
call has a general downward FM (Fig. 35B). Additionally, calls have a slight up-downward FM in the first half of
the call duration, yielding arc-shaped bands in this part of the call and a short upward FM at the end (Fig. 35B). The
general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the entire
call. There is no PFM.
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FIGURE 35. Call A of Physalaemus fischeri. Oscillogram (A) and audiospectrogram (B). A single call (A and B). Filter band-
width (Hz): 55.2 (B).
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No species group assigned
Physalaemus cicada Bokermann, 1966

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
an elliptic envelope and very short duration. It has a general downward FM, with an up-downward FM segment in
the first half of the call (Fig. 36B, F). Calls are emitted in long sequences (more than 300 calls per sequence; Fig.
36C, D).

Call A (Fig. 36 A-G and 33D). We examined six recordings, a total of 13 minutes, with ca. 12500 calls from
eight males. Only some of these calls were measured (see Table 2). Call duration varies from 0.004 to 0.047 s. The
call rise and fall are similar in duration and shape (exponential). The sustain is short or absent. The envelope is el-
liptic (Fig. 36A. E). The amplitude peak is at around the end of the first two fifths of the call duration. More than 50
% of the call energy is concentrated in 24 % of the call duration around the amplitude peak. There is no PAM in the
call. The call has a harmonic series (Fig. 33D). The fundamental frequency is ca. 410 Hz and approximately the first
ten harmonics (except the first one) are emphasized. The wave periods are regular and harmonics are clear through-
out the call. The dominant frequency varies from ca. 1410 to 3560 Hz (Fig. 33D, 36B). The dominant harmonic
varies from the seventh to the 10™, but it is usually the eighth. There is a clear shift in relative energy between bands;
the dominant frequency gets higher toward the end of the call, starting at the seventh or eighth harmonic and ending
at the eighth, ninth or 10™ (Fig. 33D, 36F). Most of the call energy is between 950 and 3850 Hz (eight harmonics).
The call has a general downward FM (Fig. 36B, F). Additionally, calls have an up-downward FM in the first half of
the call duration, yielding arc-shaped bands in this part of the call, and a short downward FM at the end (Fig. 36B,
F). The general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the
entire call (Fig. 36F). There is no PFM. Calls are usually emitted in series, resulting in long call sequences of ca.
400 calls in each sequence (Fig. 36C, D, E, F).
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FIGURE 36. Call A of Physalaemus cicada. Oscillograms (A, C, and E) and audiospectrograms (B, D, and F). A single call A
(A and B). A long sequence with hundreds of calls (C-D). Sequence with 12 calls A (E-F). Horizontal scale bars have 0.025 s
(C and D) and 0.05 s (E and F); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 173 (B); 67.4 (D); 135 (F).

Physalaemus aguirrei Bokermann, 1966

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note
with an elliptic or trapezium-like envelope. It has a general downward FM, with an up-downward FM segment in
the first third of the call.

Call A (Fig. 37A-D and 33E). We examined seven recordings, a total of 11 minutes, with ca. 400 calls from 10
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.179 to 0.237 s. Usually,
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call rise and fall are similar in duration and shape. The call rise is usually composed of two consecutive exponential-
or linear-shaped segments, whereas the call fall has an exponential or logarithmic shape (Fig. 37A). The sustain can
be irregular with short and shallow valleys, composed of a single deep valley (concave shape), or regular without
internal AM segments (Fig. 37A, C). In some calls, the rise is much longer than fall and it remains with very low
amplitude until the limit with the sustain, where the amplitude increases abruptly. The amplitude peak is around the
middle of the call duration. The envelope varies from elliptic (Fig. 37C) to slightly rectangular (in calls in which
the rise is not gradual; Fig. 37A). More than 50 % of the call energy is concentrated in 34 % of the call duration
around the amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 33E). The fundamental
frequency is ca. 640 Hz and approximately the first eight harmonics are emphasized. The wave periods are regular
and harmonics are clear throughout the call. The dominant frequency varies from ca. 770 to 3380 Hz (Fig. 37B). The
dominant harmonic varies from the first to the sixth (except the second and third). There is a clear shift in relative
energy between the bands; the dominant frequency gets higher until three fourths of the call duration, starting at the
first harmonic, moving to the fourth and fifth, and ending at the sixth (Fig. 33E). Most of the call energy is between
700 and 3950 Hz (five to six harmonics). The call has a general downward FM (Fig. 37B, D). Additionally, the calls
have an up-downward FM in the first third of the call duration, yielding arc-shaped bands in this part of the call (Fig.
37B), and a short downward FM at the end (Fig. 37B, D). The general downward FM and the initial up-downward
FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 37. Call A of Physalaemus aguirrei. Oscillograms (A and C) and audiospectrograms (B and D). A typical call A
(A-B). A variant call A with a different envelope and initial FM segment (C—D). Horizontal scale bars have 0.1 s; vertical scale
bars have 1 kHz. FFT (points): 1500 (B); 1024 (D).

Physalaemus olfersii species group

Only one call type was recorded for this group. Calls have long durations, varying from 1 to 5 s (higher durations
observed in P. feioi, P. orophilus, and P. olfersii). Several species of this clade emit calls with rectangular-shaped
envelopes (e.g., P. feioi, P. orophilus, P. lateristriga, and P. olfersii). Slight PAM is perceptible in calls of most spe-
cies (P. soaresi, P. maximus, P. lateristriga, and P. olfersii), but two species have calls with pulse-PAM (P. feioi and
P. orophilus). In some species (P. maximus, P. lateristriga, and P. olfersii), the fundamental frequency is lower than
200 Hz, resulting in several close harmonics visible in audiospectrograms. All species have calls with PFM and
most species (except for P. lateristriga and P. olfersii) have a clear general up-downward FM, yielding arc-shaped
bands in audiospectrogram when considering the entire call. Fundamental frequency is lower than 400 Hz, except
for P. soaresi which has call with fundamental frequency of ca. 600 Hz. Call energy is concentrated in many higher
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harmonics. This feature results in a high-pitched timbre for the calls. The long duration, large number of close har-
monics (low fundamental frequency and dense-harmonic calls) and high-pitched timbre make the calls sound like
human infant cries.

Physalaemus soaresi 1zecksohn, 1965

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
long duration, PFM, and a slight PAM, with no silence intervals. Bands have a general upward FM and a downward
FM at the end, yielding arc-shaped bands in audiospectrogram when considering the entire call. Subharmonics,
shifts of the fundamental frequency and deterministic chaos are common at the beginning and end of the calls.

Call A (Fig. 38A—J and 33F). We examined three recordings, a total of five minutes, with 40 calls from five
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.597 to 1.748 s. In most
calls, the limits between the call rise, sustain, and fall are not clear. Usually, call rise and fall are similar in duration
and shape (logarithmic). In some calls, the rise is longer than fall. There is a long sustain. It is usually regular, with a
convex shape, but it can be almost flat (Fig. 38A, C), or have irregular AM segments, yielding amplitude peaks and
valleys over the segment (Fig. 38D, E, F). The amplitude peak is usually at around the middle of the call duration.
The envelope of the call varies between elliptic (Fig. 38A, C), rectangular (Fig. E, F), or triangular (pointed left; Fig.
38D), depending on the shape and steepness of the sustain. More than 50 % of the call energy is concentrated in 39
% of the call duration around the amplitude peak. Some calls have a slight PAM (there is no silence interval between
peaks; Fig. 38F). The rate of the PAM is ca. 16 Hz, forming ca. 22 amplitude peaks throughout the call. The call has
a harmonic series (Fig. 33F). The fundamental frequency is ca. 600 Hz. This band and the next harmonic are absent
in the audiospectrogram. There are usually ca. six emphasized harmonics. Generally, the wave periods are regular
and harmonics are clear throughout the call. However, subharmonics (f1/2), jumps of the fundamental frequency,
and deterministic chaos are common at the beginning and end of the call (Fig. 38B, G, H, 1, J). The dominant fre-
quency varies from ca. 2450 to 3060 Hz. The dominant harmonic varies from the second to the seventh, but it is usu-
ally the fourth or fifth (Fig. 33F). There is no clear shift in the relative energy between the bands throughout the call
(Fig. 33F). Most of the call energy is between 2250 and 3750 Hz (three harmonics). The call has a general upward
FM and a short downward FM at the end, yielding an arc-shaped bands in audiospectrogram when considering the
entire call (Fig. 38B, G, H, I, J). Additionally, there is clear PFM throughout the call, which is usually independent
from the PAM or can be directly proportional and synchronic to some parts of the PAM (Fig. 38A-J).
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FIGURE 38. Call A of Physalaemus soaresi. Oscillograms (A, C-F) and audiospectrograms (B, G-J). A typical call (A-B).
Variant calls with different envelopes and spectral features (C-J). Note the frequency jumps, deterministic chaos, and subhar-
moncis at the beginning and or end of the calls (B, G-J). Horizontal scale bars have 0.5 s; vertical scale bars have 1 kHz. Filter
bandwidth (Hz): 55.2 (B and H); 39.5 (G); 42.3 (I); 50.7 (J).
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Physalaemus maximus Feio, Pombal & Caramaschi, 1999

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
a subtle PAM, with no silence intervals. It has a long duration and a very low fundamental frequency with subtle
PFM throughout the call. The bands have a slight general upward FM and a downward FM at the end, yielding a
slight arc shape in the audiospectrogram when considering the entire call.

Call A (Fig. 39A-D and 33G). We examined seven recordings, a total of five minutes, with ca. 90 calls from
11 males. Only some of these calls were measured (see Table 2). Call duration varies from 1.887 to 2.446 s. The call
rise is longer than call fall or both are similar in duration. Call rise and fall have exponential, linear or logarithmic
shape. There is a long sustain. It is usually almost flat but slightly irregular (Fig. 39A). However, in some calls, the
beginning of this segment has low amplitude, which gradually increases towards the end of the call (Fig 39C). The
amplitude peak is usually at the end of the first two thirds the call duration. The amplitude of the call is usually at
three fifths of the call duration. The envelope varies from elliptic, rectangular (Fig. 39A) to triangular (pointed left;
Fig. 39C) depending on the steepness of the sustain and position of the amplitude peak of the call. More than 50 %
of the call energy is concentrated in 36 % of the call duration around the amplitude peak. The call can have a slight
PAM (silence intervals absent between peaks). The rate of the PAM is ca. 10 Hz, forming ca. 22 amplitude peaks
throughout the call. The call has a harmonic series (Fig. 33G). The fundamental frequency is ca. 170 Hz. This band
and the next harmonic are absent in audiospectrograms. There are usually ca. seven emphasized harmonics. The
wave periods are regular and harmonics are clear throughout the call. The dominant frequency varies from ca. 1000
to 1030 Hz (Fig. 39B). The dominant harmonic varies from the third to the ninth, but it is usually the sixth (Fig.
33@G). There is no clear shift in the relative energy between the bands throughout the call. Most of the call energy
is between 850 and 1550 Hz (five harmonics). The call has a general FM slightly upward and a short downward
FM at the end, yielding a slight arc shape in the audiospectrogram when considering the entire call (Fig. 39B, D).
Additionally, there can be a slight PFM throughout the call, which is usually independent of PAM or can be directly
proportional and synchronic to some parts of the PAM.
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FIGURE 39. Call A of Physalaemus maximus. Oscillograms (A and C) and audiospectrograms (B and D). A typical call (A-B).
A variant call with different envelope and less frequency-modulated (C—D). Horizontal scale bars have 0.5 s; vertical scale bars
have 1 kHz. Filter bandwidth (Hz): 30.7 (B); 38.4 (D).
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Physalaemus feioi Cassini, Cruz & Caramaschi, 2010

We found a single call type for the species, referred to as call A. The call has long duration and is composed of a single
harmonic note with a sequence of pulses with interpulse silence intervals. The bands have a general upward FM and a
downward FM at the end, yielding a slight arc shape in the audiospectrogram when considering the entire call.

Call A (Fig. 40A—H and 33H). We examined seven recordings, a total of eight minutes, with 52 calls from nine
males. Only some of these calls were measured (see Table 2). Call duration varies from 3.854 to 4.920 s. Call rise
and fall are very short and similar to each other in duration. There is a long sustain. This segment is usually regular
and almost flat but some calls have sustains with a convex shape (Fig. 40A, D). The amplitude peak is often at the
end of the first seven tenths of the call duration. The envelope of the call is rectangular (Fig. 40A, D). More than 50
% of the call energy is concentrated in 45 % of the call duration around the amplitude peak. The call has a strong
PAM (there are silence intervals between pulses; Fig. 40A, D). The rate of the PAM is ca. 15 Hz, forming ca. 55
pulses throughout the call. The pulse rise is longer than fall, with amplitude peak of the pulse at ca. two thirds of the
pulse duration (Fig. 40C). The amplitude peak of the last pulse is at the beginning or middle of the pulse. Interval
durations are similar to pulse duration (Fig. 40C). The last pulse is usually the longest (ca. 1.5 times longer than
the other pulses; Fig. 40E). In some calls, the last pulse is the shortest (Fig. 40A). The call has a harmonic series
(Fig. 33H). The fundamental frequency is ca. 330 Hz. The first five harmonics are usually absent in the audiospec-
trogram. There are ca. four adjacent emphasized harmonics. The wave periods are regular and harmonics are clear
throughout the call. The dominant frequency varies from ca. 2340 to 2470 Hz. The dominant harmonic varies from
the sixth to the 15, but it is usually the seventh (Fig. 33H). There is no clear shift in the relative energy between the
bands throughout the call. Most of the call energy is between 2100 and 2950 Hz (three harmonics). The call has a
general upward FM and a short downward FM at the end, yielding a slight arc shape in the audiospectrogram when
considering the entire call (Fig. 40B, G). There is a slight PFM throughout the call, which is directly proportional
to the synchronic pulse-PAM, i.e. up-downward FM in each pulse (Fig. 40A, B, C, F). Additionally, there is another
PFM, which is perceptible within the pulses (Fig. 40H).
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FIGURE 40. Call A of Physalaemus feioi. Oscillograms (A, C—E) and audiospectrograms (B, F-H). A typical call (A-B). Seg-
ment with nine pulses (C and F). A variant call A with different envelope (D and G). Segment with the last seven pulses of a call
(E and H). Note the longer duration of the final pulse (E and H). Horizontal scale bars have 0.5 s (D and G) and 0.1 s (C, F, E,
and H); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 61.4 (F); 44.9 (B and G); 92.1 (H).

Physalaemus orophilus Cassini, Cruz & Caramaschi, 2010

We found a single call type for the species, referred to as call A. The call has long duration and is composed of a
single harmonic note with a sequence of pulses with interpulse silence intervals. The bands have a general upward
FM but with a subtle downward FM at the end, yielding slightly arc-shaped bands in the audiospectrogram of some
calls when considering the entire call duration.

Call A (Fig. 41A-H and 42A). We examined 10 recordings, a total of 26 minutes, with ca. 270 calls from 16
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males. Only some of these calls were measured (see Table 2). Call duration varies from 3.724 to 5.432 s. Call rise
and fall are very short and similar to each other in duration. There is a long sustain. This segment is usually regular
and almost flat (Fig. 41A, D), but convex in some calls (Fig. 41E). The amplitude peak of these calls is at the end of
the first two thirds of the call duration. The envelope of the call varies from elliptic (Fig. 41E) to rectangular (Fig.
41A, D). More than 50 % of the call energy is concentrated in 43 % of the call duration around the amplitude peak.
The call has a strong PAM (silence intervals are present between peaks; Fig. 41 A—H). The rate of the PAM is ca. 11
Hz, forming ca. 57 pulses throughout the call. The pulse rise is longer than fall, with amplitude peak of the pulse at
ca. two thirds of the pulse duration. The amplitude peak of the last pulse is at the beginning or middle of the pulse
(Fig. 41C). Duration of silence intervals is similar to pulse duration. The last pulse is usually the longest (ca. 1.5
times longer than the other pulses). In some calls, the last pulse is the shortest. The call has a harmonic series (Fig.
42A). The fundamental frequency is ca. 290 Hz. The first five harmonics are usually absent in audiospectrograms
(Fig. 41B). There are ca. four adjacent emphasized harmonics. The wave periods are regular and harmonics are clear
throughout the call. The dominant frequency varies from ca. 2630 to 2910 Hz (Fig. 41B). The dominant harmonic
varies from the seven to the 29", but it is usually the ninth (Fig. 42A). There is no shift in the relative energy between
the bands throughout the call. Most of the call energy is between 2500 and 3350 Hz (three harmonics; Fig. 41F). The
call has a slight general upward FM and a short downward FM at the end, leading to arc-shaped bands in audiospec-
trograms when considering the entire call (Fig. 41B, G, H). Additionally, there can be a slight PFM throughout the
call, which is directly proportional to the synchronic pulse-PAM, i.e. up-downward FM in each pulse.
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FIGURE 41. Call A of Physalaemus orophilus. Oscillograms (A, C—E) and audiospectrograms (B, F—H). A typical call (A-B).
Segment with four pulses (C and F). Variant calls with different envelopes (D—H). Horizontal scale bars have 0.05 s (C and F)
and 0.5 s (D-H); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 67.4 (B, F, and H); 46 (G).

Physalaemus lateristriga (Steindachner, 1864)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
a long duration and a slight PAM (no silence intervals between pulses). It has irregular and strong PFM throughout
the call. The bands have no general FM or only slight general FM, which is usually upward.

Call A (Fig. 43A-F and 42B). We examined seven recordings, a total of 20 minutes, with ca. 160 calls from 16
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.330 to 3.746 s. The call
rise is restricted to the very beginning of the call, most of the call corresponding to the sustain (Fig. 43C). Call rise
and fall are very short and similar to each other in duration. Sustain usually regular and almost flat (Fig. 43C), but
some calls have convex or inclined segments, with amplitude gradually increasing towards its end (Fig. 43A, D). In
some calls, there is a shallow valley at the beginning of the sustain (Fig. 43A, C). The amplitude peak is at around
the middle or at the end of the call duration. The envelope of the call varies from rectangular (Fig. 43C) to triangular
(pointed left; Fig. 43A, D). More than 50 % of the call energy is concentrated in 39 % of the call duration around
the amplitude peak. The call has a slight PAM (silence intervals absent between peaks; Fig. 43A, D). The rate of
the PAM is ca. 8 Hz, forming ca. 29 cycles throughout the call. The cycle rise and fall are similar and the amplitude
peak is at the middle of the cycle duration. The call has a harmonic series (Fig. 42B). The fundamental frequency is
ca. 170 Hz. The first five harmonics are usually absent in the audiospectrogram or with very low energy. There are
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FIGURE 42. Multiplicity relationship between “instantaneous” dominant frequency and w of calls A of eight Physalaemus spe-
cies. Each graph shows a single call A of P. orophilus (A), P. lateristriga (B), P. olfersii (C), P. riograndensis (D), P. biligonige-
rus (E), P. marmoratus (F), P. santafecinus (G), P. carrizorum (H). Grid corresponds to the harmonic values (right y-axis). Red
squares are the values of “instantaneous” dominant frequency; blue circles are the values of the reciprocal of w; green triangles
are the factor values of the ratio “instantaneous” dominant frequency / w reciprocal per delta time. Delta time corresponds to the
duration of one period of the measured acoustic oscillation. Note that factors around integer values suggest harmonic relation-
ship between the frequency calculated (w reciprocal) and the dominant frequency. Factors multiple of '2 of the fundamental
frequency correspond to subharmonics (see call B of P. ephippifer).
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FIGURE 43. Call A of Physalaemus lateristriga. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A typical
call (A-B). Variant calls with different envelopes and different spectral features (C—F). Horizontal scale bars have 0.5 s (C and
E) and 0.1 s (D and F); vertical scale bars have 1 kHz. Filter bandwidth (Hz): 18.4 (E); 42.3 (B); 31.7 (F).
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FIGURE 44. Call A of Physalaemus olfersii. Oscillograms (A and C) and audiospectrograms (B and D). A typical call (A-B).
A variant call with a different envelope and spectral features (C—D). Note the deterministic chaos at the beginning of the call
(B). Note the higher noise level in the call and the irregular PEM (D). Horizontal scale bars have 0.5 s; vertical scale bars have
1 kHz. Filter bandwidth (Hz): 25.4 (B and D).

ca. eight adjacent emphasized harmonics. The wave periods are regular and harmonics are clear throughout the call.
Subharmonics (f;1/2) are present at the beginning of some calls (Fig. 43B, F). The dominant frequency varies from
ca. 1590 to 1840 Hz (Fig. 43B). The dominant harmonic varies from the ninth to the 13%, but it is usually the ninth
or 10" (Fig. 42B). There is no clear shift in the relative energy between bands throughout the call. Most of the call
energy is between 1100 and 2150 Hz (seven harmonics). Calls usually lack a clear general FM (Fig. 43B, E). In
some calls, a slight up or downward general FM is observed, usually upward. A short downward FM is frequently
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present at the end of the call (Fig. 43E). Additionally, there is a strong PFM throughout the call, which is usually
independent (Fig. 43C, E), but it is directly proportional and synchronic to PAM when it is present (Fig. 43A, B).

Physalaemus olfersii (Lichtenstein & Martens, 1856)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note
with a very long duration and a slight PAM (no silence intervals between pulses). It has an irregular and strong PFM
throughout the call. The bands have no general FM or have only a slight FM, which is usually upward.

Call A (Fig. 44A-D and 42C). We examined 13 recordings, a total of 35 minutes, with 332 calls from 31
males. Only some of these calls were measured (see Table 2). Call duration varies from 3.530 to 4.837 s. Call rise
and fall are very short and similar to each other in duration. The limit between the call rise and sustain is not clear
in calls with triangular envelope (Fig. 44A). There is a long sustain. This segment is usually regular and almost flat
(slightly decreasing towards end of the segment — Fig. 44C), but some calls have very inclined sustains, where the
beginning of the segment has low amplitude and gradually increases towards its end (Fig. 44A). The amplitude peak
is at around the end of the first tenth or at the very end of the call duration. The envelope of the call varies from
rectangular (Fig. 44C) to triangular (pointed left; Fig. 44A). More than 50 % of the call energy is concentrated in 46
% of the call duration around the amplitude peak. The call can have a slight PAM (silence intervals are absent be-
tween peaks). The rate of the PAM is ca. 11 Hz, forming ca. 50 cycles throughout the call. The cycle rise and fall are
similar and the amplitude peak is at the middle of the cycle duration. The call has a harmonic series (Fig. 42C). The
fundamental frequency is ca. 150 Hz. The first seven harmonics have very low energy or are absent in the audio-
spectrogram. There are ca. 12 adjacent emphasized harmonics. The wave periods are usually regular and harmonics
are clear throughout the call. However, some calls have deterministic chaos regimes in several parts, mainly at their
outset (Fig. 44B). The dominant frequency varies from ca. 1570 to 1870 Hz (Fig. 44B). The dominant harmonic
varies from the ninth to the 19™, but it is usually between the ninth and 12" (Fig. 42C). There is no clear shift in the
relative energy between the bands throughout the call. Most of the call energy is between 1100 and 2150 Hz (12
harmonics). Calls have no general FM (Fig. 44D), or have only a slight general FM, usually upward (Fig. 44B), but
sometimes downward. There is usually a short downward FM at the end of the call (Fig. 44B). Additionally, there
is a strong PFM throughout the call, which is usually independent, but it is directly proportional and synchronic to
PAM when it is present (Fig. 44B, D).

Physalaemus biligonigerus species group

Only one call type was recorded for this group. All species have calls composed of a single harmonic note. The
fundamental frequency is usually around 500 Hz, except for P. riograndensis whose calls have a fundamental fre-
quency at ca. 1000 Hz. All species have calls with S-shaped harmonics, resulting from a general downward FM
with an up-downward FM segment in the beginning of the call. The call envelope is considerably variable within
the species of this group.

Physalaemus riograndensis Milstead, 1960

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
high fundamental frequency (ca. 1000 Hz). It has a general downward FM throughout the call, with an up-down-
ward FM segment in the its first third.

Call A (Fig. 45A-F and 42D). We examined 14 recordings, a total of 31 minutes, with ca. 820 calls from 50
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.691 to 0.835 s. The enve-
lope of the call is variable (Fig. 45A, C, D). In most calls, the limits between the call rise, sustain, and call fall are
not clear. Calls usually have a short segment with very low amplitude at the beginning of the call, separated from
the rest of the call by an abrupt change in amplitude. The shape of the call rise and fall is usually exponential. The
sustain is irregular, usually composed of a shallow or deep valley (i.e., with a concave shape; Fig. 45D). The ampli-
tude peak is often at around the middle or after one third of the call duration. The envelope varies from elliptic (Fig.
45A, D) to triangular (pointed right; Fig. 45C). Due to the concave shape of the sustain, the triangular shape of some
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calls resembles an arrow. More than 50 % of the call energy is concentrated in 27 % of the call duration around the
amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 42D). The fundamental frequency
is ca. 1020 Hz and the first six harmonics are generally emphasized. The wave periods are regular and harmonics are
clear throughout the call. The dominant frequency varies from ca. 950 to 1030 Hz (Fig. 42D). The first harmonic is
the dominant (Fig. 42D, 45B, E, F). There is a clear shift in relative energy among bands. Although, usually, there
is no shift in the dominant frequency, the higher bands get more energy towards the end of the call (Fig. 42D). Most
of the call energy is between 850 and 1150 Hz (one harmonic). The call has a general downward FM (45B, E, F).
Additionally, calls have an up-downward FM in the first third of the call duration, leading to arc-shaped bands in
this part of the call, and a short upward FM at the end (45B, E, F). The general downward FM and the initial up-
downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 45. Call A of Physalaemus riograndensis. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A typical
call (A—B). Variant calls with different envelopes (C—F). Horizontal scale bars have 0.2 s; vertical scale bars have 1 kHz. Filter
bandwidth (Hz): 92.1 (E and F); 42.3 (B).

Physalaemus biligonigerus (Cope, 1861)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note. It
has a general downward FM throughout the call but with an up-downward FM segment in the first fifth of the call.

Call A (Fig. 46A—F and 42E). We examined 29 recordings, a total of 65 minutes, with ca. 2140 calls from 105
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.546 to 0.640 s. The enve-
lope of the call is variable (Fig. 46A, C, D). In most calls, the limits between the call rise, sustain, and call fall are not
clear. The ratio between call rise and fall duration, and their shapes, are highly variable. Most calls have rise and fall
similar in duration, or the former longer than the fall. The shape of the envelopes varies from exponential or linear
to logarithmic. The call rise can have two consecutive exponential parts, the first shorter than the second. The sus-
tain is usually irregular, composed of shallow valleys and small peaks (Fig. 46A, C, D). In some calls, the call rise
remains with very low amplitude until the limit with the sustain, where the amplitude increases abruptly (Fig. 46D).
The amplitude peak is at around the end of the first third or two thirds of the call duration. The envelope varies from
rectangular (Fig. 46C) to triangular (pointed left or right; Fig. 46D, A, respectively). Due to the asymmetry of some
triangular envelopes, the shape resembles an arrow. More than 50 % of the call energy is concentrated in 30 % of
the call duration around the amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 42E).
The fundamental frequency is ca. 570 Hz and approximately the first eight harmonics are emphasized. The wave
periods are regular and harmonics are clear throughout the call. The dominant frequency varies from ca. 600 to 650
Hz (Fig. 46B). The dominant harmonic varies from the first to the sixth (except the second), but it is usually the first
(Fig. 42E, 46B, E, F). There is a clear shift in relative energy between the bands; the dominant frequency gets higher
toward the end of the call, starting at the first harmonic, moving to the fifth, and ending at the sixth; thenceforth it
decreases, ending at the third harmonic (sometimes skipping the fourth harmonic; Fig. 42E, 46B, E, F). Most of the
call energy is between 450 and 2950 Hz (four to six harmonics). The call has a general downward FM (Fig. 46B,
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E, F). Additionally, the calls have an up-downward FM in the first fifth of the call duration, leading to a arc-shaped
bands in this part of the call, and a short downward FM at the end (Fig. 46B, E, F). The general downward FM and
the initial up-downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 46. Call A of Physalaemus biligonigerus. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A typical
call (A—B). Variant calls with different envelopes and spectral features (C—F). Note the shorter duration of the initial FM seg-
ment (F). Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 61.9 (B); 62.8 (E); 69.0 (F).
Pulses of high frequency in the background in (F) correspond to calls of Pseudopaludicola sp.

Physalaemus marmoratus (Reinhardt & Liitken, 1862)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note. It
has a general downward FM, with an up-downward FM segment in the first third of the call.

Call A (Fig. 47A-J and 42F). We examined 15 recordings, a total of 31 minutes, with ca. 1100 calls from 44
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.614 to 0.938 s. The enve-
lope of the call is highly variable (Fig. 47A, C-F). In most calls, the limits between the call rise, sustain, and call fall
are not clear. The ratio between durations of call rise and fall, and their shapes, are highly variable. The sustain is
usually irregular, composed of shallow valleys and small peaks (Fig. 47A, C—F). In some calls the rise remains with
very low amplitude until the limit with the sustain, where the amplitude increases abruptly (Fig. 47D). In other calls,
the call fall has this same pattern, with an abruptly amplitude decrease after the sustain and thenceforth with low and
constant amplitude until the end of the call (Fig. 47C). The amplitude peak is usually at around the end of the first
third of the call duration. The envelope of the calls varies from rectangular (Fig. 47E, F) to triangular (pointed left or
right; Fig. 47D, A, respectively). Due to the asymmetry of some triangular envelopes, the shape resembles an arrow.
More than 50 % of the call energy is concentrated in 29 % of the call duration around the amplitude peak. There is
no PAM in the call. The call has a harmonic series (Fig. 42F). The fundamental frequency is ca. 510 Hz and the first
six harmonics are generally emphasized. The wave periods are regular and harmonics are clear throughout the call.
The dominant frequency is ca. 500 Hz (Fig. 47B). The first is dominant harmonic (Fig. 42F). There is a clear shift in
relative energy between bands; although there is no shift in dominant frequency, the higher bands get more energy
toward the end of the call (Fig. 47G-J). Most of the call energy is between 400 and 2100 Hz (three to five harmon-
ics). The call has a general downward FM (Fig. 47B, G-J). Additionally, the calls have an up-downward FM in the
first third of the call duration, leading to slightly arc-shaped bands in this part of the call, and short downward FM at
the end (Fig. 47B, G-J). The general downward FM and the initial up-downward FM result in S-shaped harmonics
when considering the entire call. There is no PFM.
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FIGURE 47. Call A of Physalaemus marmoratus. Oscillograms (A, C—F) and audiospectrograms (B, G-J). A typical call
(A-B). Variant calls with different envelopes and spectral features (C—J). Note the different slopes in the FM segments (G-J).
Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 67.4 (G); 55.2 (H); 67.4 (I); 46 (B and
D).

Physalaemus santafecinus Barrio, 1965

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note. It
has a general downward FM, with an up-downward FM segment in the first third of the call.

Call A (Fig. 48A-D and 42G). We examined two recordings, a total of three minutes, with 61 calls from two
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.330 to 0.375 s. The enve-
lope of the call is variable. In most calls, the rise and fall are similar in duration and shape (exponential). In some
calls, the limits between call rise, sustain, and call fall are not clear, with linear or logarithmic-shaped rise and fall
and the sustain with a convex shape (calls with elliptic envelope; Fig. 48C). The amplitude peak is usually at around
the end of the first seven tenths of the call duration or at the middle of the call. The envelope varies from elliptic (Fig.
48C) to triangular (pointed left; Fig. 48A). Due to the concave shape of the sustain, the triangular envelope of some
calls resembles an arrow (Fig. 48A). More than 50 % of the call energy is concentrated in 36 % of the call duration
around the amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 42G). The fundamental
frequency is ca. 490 Hz and approximately the first seven harmonics are emphasized. The wave periods are regular
and harmonics are clear throughout the call. The dominant frequency varies from ca. 474 to 2627 Hz (fig. 48B). The
dominant harmonic varies from the first to sixth (rarely the second harmonic), but it is usually the first (Fig. 42G,
48B, D). There is a clear shift in relative energy between the bands; the dominant frequency gets higher toward the
end of the call, starting at the first harmonic, moving to the fifth and ending at the sixth; thenceforth it decreases,
usually skipping the fifth and ending at the third or second harmonic (Fig. 42G, 48B, D). Most of the call energy is
between 450 and 2650 Hz (four to six harmonics). The call has a general downward FM (Fig. 48B, D). Additionally,
calls have an up-downward FM in the first third of the call duration, leading to slightly arc-shaped bands in this part
of the call (Fig. 48B), and a short downward FM at the end (Fig. 48B, D). The general downward FM and the initial
up-downward FM result in S-shaped harmonics when considering the entire call. There is no PFM.
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FIGURE 48. Call A of Physalaemus santafecinus. Oscillograms (A and C) and audiospectrograms (B and D). A typical call
(A-B). A variant call with a different envelope and spectral features (C—D). Note the different slopes in the FM segments (D).
Horizontal scale bars have 0.1 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 84.6 (B and D).

Physalaemus gracilis species group

Only one call type was recorded for this group. All species have calls composed of a single harmonic note, with
fundamental frequency around 500 Hz. All species have calls with S-shaped harmonics, resulting from a general
downward FM with an up-downward FM segment in the beginning of the call. This pattern is less clear in P. /isei
and P, jordanensis due to less defined initial FM in the former, and to discontinuity of harmonics as a result of pulse-
PAM in the latter. Physalaemus jordanensis is the only species of the group with pulse-PAM and PFM in its call.
The call envelope is considerably variable within the species of this group.

Physalaemus carrizorum Cardozo & Pereyra, 2018

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note, with
general downward FM, but with an up-downward FM segment in the first fourth of the call.

Call A (Fig. 49A-D and 42H). We examined one recording, a total of four minutes, with 44 calls from three
males. Only some of these calls were measured (see Table 2). Call duration varies from 2.360 to 4.118 s. The enve-
lope of the call is variable. In most calls, rise and fall are similar in duration and shape (exponential) and the sustain
is long. Some sustains are regular (Fig. 49C) and others are irregular (Fig. 49A), with short and shallow valleys.
In some calls, the limits between the call rise, sustain, and call fall are not clear. Usually, the envelope is divided
into two parts with different amplitude levels (Fig. 49A). The amplitude peak is usually at the end of the first seven
tenths of the call duration. The envelope varies from elliptic or rectangular (Fig. 49C), to triangular (pointed left;
Fig. 49A; rarely pointed right). Due to the asymmetry of some triangular envelopes, the shape resembles an arrow.
More than 50 % of the call energy is concentrated in 36 % of the call duration around the amplitude peak. There is no
PAM in the call. The call has a harmonic series (Fig. 42H). The fundamental frequency is ca. 460 Hz and approxi-
mately the first seven harmonics are emphasized. The wave periods are regular and harmonics are clear throughout
the call. The dominant frequency varies from ca. 410 to 2630 Hz (Fig. 49B). The dominant harmonic is the first,
fifth, or sixth (Fig. 42H). There is a clear shift in relative energy between the bands; the dominant frequency gets
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higher toward the end of the call, starting at the first harmonic, moving to the fifth, and ending at the sixth (Fig.
42H, 49B). Most of the call energy is between 350 and 3500 Hz (eight to nine harmonics). The call has a general
downward FM (Fig. 49B, D). Additionally, calls have an up-downward FM in the first fourth of the call duration,
leading to slightly arc-shaped bands in this part of the call (Fig. 49B, D), and a short downward FM at the end (Fig.
49B). The general downward FM and the initial up-downward FM result in S-shaped harmonics when considering
the entire call. Some calls have a slight PFM.
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FIGURE 49. Call A of Physalaemus carrizorum. Oscillograms (A and C) and audiospectrograms (B and D). A typical call A
(A-B). Variant calls A with different envelopes and spectral features (C—D). Horizontal scale bars have 1 s (C—D); vertical scale
bar has 1 kHz. Filter bandwidth (Hz): 31.7 (B and D).

Physalaemus gracilis (Boulenger, 1883)

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note, with
general downward FM, but with an up-downward FM segment in the first sixth of the call.

Call A (Fig. 50A-T and 52A). We examined 40 recordings, a total of 158 minutes, with ca. 2480 calls from
106 males. Only some of these calls were measured (see Table 2). Call duration varies from 0.451 to 0.565 s. The
envelope of the call is variable (Fig. S0A, C—G, M—P). In most calls, rise and fall are similar in duration and shape
(exponential) and the sustain is long. Some sustains are regular (Fig. S0A, G, M, N, O) and others are irregular,
with short and shallow valleys, mainly at the beginning of the segment (Fig. 50D, F, P). In several calls, the sustain
has a convex shape and the limits between the call rise, sustain, and call fall are not clear. Usually, the envelope is
divided into two parts with different amplitude levels (Fig. 50C). The amplitude peak is usually at the end of the
first seven tenths of the call duration. The envelope varies from elliptic or rectangular (Fig. 50A, D, F, G, M, N, O)
to triangular (pointed left; Fig. 50C, E, P). Due to the asymmetry of some triangular envelopes, the shape resembles
an arrow. More than 50 % of the call energy is concentrated in 32 % of the call duration around the amplitude peak.
There is no PAM in the call. The call has a harmonic series (Fig. 52A). The fundamental frequency is ca. 510 Hz
and approximately the first seven harmonics are emphasized. The wave periods are regular and harmonics are clear
throughout the call. Subharmonics (f;1/2 and f;1/3) are common at the beginning and middle of the call (Fig. 501,
L, Q, R). The dominant frequency varies from ca. 2110 to 2760 Hz (Fig. 50B). The dominant harmonic varies from
the first to the seventh (except the second), but it is usually the fourth, fifth, or sixth (Fig. 52A). There is a clear
shift in relative energy between the bands; the dominant frequency gets higher toward the end of the call, starting
at the first harmonic, moving to the third, fourth, fifth and sixth, and ending at the sixth or seventh; thenceforth, the
dominant frequency decreases in some calls, moving to the fourth harmonic (Fig. 52A, 50B). Most of the call energy
is between 950 and 3050 Hz (four to five harmonics). The call has a general downward FM (Fig. 50B, H-L, Q-T).
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Additionally, calls have an up-downward FM in the first sixth of the call duration, leading to slightly arc-shaped
bands in this part of the call, and a short downward FM at the end (Fig. 50B, H-L, Q-T). The general downward FM
and the initial up-downward FM result in S-shaped harmonics when considering the entire call. Some calls have a
slight PFM (Fig. 50H, I, L).
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FIGURE 50. Call A of Physalaemus gracilis. Oscillograms (A, C—G, and M—P) and audiospectrograms (B, H-L, and Q-T). A
typical call A (A-B). Variant calls A with different envelopes and spectral features (C—T). Note the presence of subharmonics at
the beginning or middle of the call (I, L, Q, and R). Horizontal scale bars have 0.5 s (C-L) and 0.2 s (M-T); vertical scale bars
have 1 kHz. Filter bandwidth (Hz): 42.3 (B); 84.6 (K, L, and T); 74.6 (J); 55.2 (I and R); 69.0 (H and S); 61.4 (Q).

Physalaemus lisei Braun & Braun, 1977

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note
with a long duration, slight PAM (no silence intervals between peaks) and irregular PFM. The bands have a general
downward FM and a short upward FM segment at the end. Calls usually have nonlinear regimes such as determin-
istic chaos and subharmonics.

Call A (Fig. 51A-N and 52B). We examined 19 recordings, a total of 89 minutes, with ca. 915 calls from 50
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.967 to 1.997 s. The enve-
lope of the call is variable; durations of call rise and fall are usually short and similar in duration, with a long sustain
in between; the rise and fall shapes vary from logarithmic to almost linear or exponential. The sustain is flat (Fig.
51E, F, H, 1) or gradually ascending (Fig. 51C, G). Some calls have a final part with higher amplitude (Fig. 51C, G,
I). Shallow and short amplitude valleys can be present, mainly at the beginning and end of the call (Fig. 51C, I). The
amplitude peak is usually at the very end of the call duration. Depending on the slope of the sustain, the envelope
varies from rectangular (Fig. 5S1E, F, H, I) to triangular (pointed left; Fig. 51C, G). More than 50 % of the call energy
is concentrated in 47 % of the call duration around the amplitude peak. The call can have a slight PAM (there is no
silence interval between peaks; Fig. 51E, G, H). The rate of the PAM is ca. 26 Hz, forming ca. 25 cycles throughout
the call. The call has a harmonic series (Fig. 52B). The fundamental frequency is ca. 480 Hz and this band can be
present with low energy or absent in audiospectrograms. Six adjacent harmonics are emphasized (first seven except
the fundamental). Usually, the wave periods are regular and harmonics are clear throughout the call. However, sev-
eral calls show nonlinear regimes such as subharmonics (f;1/2, f 1/3, f1/4, or f 1/5), biphonation, and deterministic
chaos (Fig. 51D, J, K, M). These phenomena can occur over the entire call. The dominant frequency varies from ca.
2330 to 2460 Hz (Fig. 51D). The dominant harmonic varies from the first to the fifth (except the second), but it is
usually the fourth or fifth along the first half of the call (Fig. 52B). There is a clear shift in relative energy between
the bands. Although there is no shift in the dominant frequency, higher bands get more energy towards the end of
the call (Fig. 51D, L, N). Most of the call energy is between 950 and 3350 Hz (five to six harmonics). The call has
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FIGURE 51. Call A of Physalaemus lisei. Oscillograms (A, C, E-I) and audiospectrograms (B, D, J-N). Ten calls gathered
in groups (A-B). A typical call (C-D). Variant calls with different envelopes and spectral features (E-N). Note PFM and the
subharmonics in the calls (J, K, L, M, and N). Horizontal scale bars have 0.5 s; vertical scale bars have 1 kHz. Filter bandwidth
(Hz): 61.9 (D and P); 46 (K, L, N, and O); 69 (B); 55.2 (M).

a slight general downward FM (Fig. 51D, L, N). Additionally, calls have a very short and slight up-downward FM at
their outset, leading to slightly arc-shaped bands in this part of the call, and a short upward FM at the end (Fig. 51L,
N). The general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the
entire call. Some calls show clear PFM (Fig. 51L, N). Calls are usually emitted in irregular sequences, with two or
three calls (Fig. 51A-B).

Physalaemus evangelistai Bokermann, 1967
We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note, with

a general downward FM and an up-downward FM segment in the first sixth of the call duration. Calls usually have
intermediate PAM (with no silence intervals between peaks) and PFM throughout their duration.
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FIGURE 52. Multiplicity relationship between “instantancous” dominant frequency and w of calls A of four Physalaemus
species. Each graph shows a single call A of P. gracilis (A), P. lisei (B), P. evangelistai (C), P. barrioi (D), P. jordanensis (E).
Grid corresponds to the harmonic values (right y-axis). Red squares are the values of “instantaneous” dominant frequency; blue
circles are the values of the reciprocal of w; green triangles are the factor values of the ratio “instantaneous” dominant frequency
/ w reciprocal per delta time. Delta time corresponds to the duration of one period of the measured acoustic oscillation. Note that
factors around integer values suggest harmonic relationship between the frequency calculated (w reciprocal) and the dominant
frequency.

Call A (Fig. 53A-F and 52C). We examined eight recordings, a total of 27 minutes, with ca. 340 calls from 20
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.976 to 1.358 s. Call rise
duration is very short and similar to call fall duration; the call rise and fall shapes vary from logarithmic to almost
linear or exponential. The sustain is flat or gradually ascending (Fig. 53D, C). There is a long shallow valley at the
beginning of the sustain (Fig. A, C, D). The amplitude peak is usually at the end of the first seven tenths of the call
duration. The envelope varies from rectangular (Fig. 53A, D) to triangular (pointed left; Fig. 53C). More than 50 %
of the call energy is concentrated in 36 % of the call duration around the amplitude peak. Some calls show an inter-
mediate PAM only in the final two fourths of the call duration. This PAM yields emphasized cycles (with no silence
intervals between peaks; Fig. 53A, C). The rate of the PAM is ca. 9 Hz, forming ca. 10 cycles throughout the call.
The cycle rise and fall are similar, with amplitude peak at the middle of the cycle. The call has a harmonic series
(Fig. 52C). The fundamental frequency at ca. 540 Hz and approximately the first six harmonics are emphasized. The
wave periods are regular and harmonics are clear throughout the call. The dominant frequency varies from ca. 670
to 2910 Hz (Fig. 53B). The dominant harmonic varies from the first to sixth (except the second), but it is usually
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the first or fourth (Fig. 52C). There is a clear shift in relative energy between the bands; the dominant frequency
increases towards the end of the call, starting at the first harmonic, moving to the fourth and fifth, and ending at the
sixth; thenceforth, it decreases, ending at the third (Fig. 52C, 53E, F). Most of the call energy is between 550 and
3100 Hz (three to four harmonics). The call has a general downward FM, with a short up-downward FM at the first
sixth of the call duration, leading to slightly arc-shaped bands in this part of the call, and a short downward FM at
the end (Fig. 53B, E, F). The general downward FM and the initial up-downward FM result in S-shaped harmonics
when considering the entire call. Some calls have a PFM during the entire call independent of the PAM. Other calls
have PFM inversely proportional and synchronic to the PAM.
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FIGURE 53. Call A of Physalaemus evangelistai. Oscillograms (A, C, and D) and audiospectrograms (B, E, and F). A typical
call (A-B). Variant calls with different envelopes (C—F). Note the absence of PAM in the call (D-F). Horizontal scale bars have
0.2 s; vertical scale bars have 1 kHz. Filter bandwidth (Hz): 110 (B); 69 (E); 42.3 (F).

Physalaemus barrioi Bokermann, 1967

We found a single call type for the species, referred to as call A. The call has a single harmonic note with a long
duration and general downward FM, with an up-downward FM segment in the first seventh of the call.

Call A (Fig. 54A-L and 52D). We examined eight recordings, a total of 13 minutes, with ca. 70 calls from eight
males. Only some of these calls were measured (see Table 2). Call duration varies from 1.323 to 2.038 s. Call rise
duration is short and similar to call fall duration; the call rise and fall shapes vary from logarithmic to almost linear
or exponential. The sustain is irregular, generally flat (Fig. 54A, E, F) or ascending (Fig. C, D, G). In this latter case,
the amplitude gets higher towards the end of the call. There is usually a long shallow valley at the beginning or at
the middle of the sustain (Fig. 54A, C, D, E, G). The amplitude peak is usually at the end of the first three fifths of
the call duration. The envelope varies from elliptic (Fig. 54F), rectangular (Fig. 54A, E, G) to triangular (usually
pointed left; Fig. C, D). More than 50 % of the call energy is concentrated in 39 % of the call duration around the
amplitude peak. There is no PAM in the call. The call has a harmonic series (Fig. 52D). The fundamental frequency
is ca. 460 Hz and the first seven harmonics are generally emphasized. The wave periods are regular and harmonics
are clear throughout the call. The dominant frequency varies from ca. 470 to 2580 Hz. The dominant harmonic is
the first or the sixth, but usually the first (Fig. 52D, 54B, H-L). There is a clear shift in relative energy between the
bands; the dominant frequency increases towards the end of the call, starting at the first harmonic and moving to the
sixth at the very end of the call (Fig. 52D, 54B, H-L). Most of the call energy is between 450 and 2700 Hz (four to
six harmonics). The call has a general downward FM. Additionally, the calls have an up-downward FM at the first
seventh of call duration, leading to slightly arc-shaped bands in this part of the call, and a short downward FM at
the end (Fig. 54B, H-L). The general downward FM and the initial up-downward FM result in S-shaped harmonics
when considering the entire call. There is no PFM.
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FIGURE 54. Call A of Physalaemus barrioi. Oscillograms (A, C—G) and audiospectrograms (B, H-L). A typical call (A-B).
Variant calls with different envelopes (C—L). Note the subharmonics at the middle of the call (B). Horizontal scale bars have 0.5
s; vertical scale bars have 1 kHz. FFT (points): 2000 (H, J, and I); 2500 (B); 1024 (K); 1500 (L).

Physalaemus jordanensis Bokermann, 1967

We found a single call type for the species, referred to as call A. The call is composed of a single harmonic note with
an elliptic or triangular envelope. The call is composed of a sequence of pulses (pulse-PAM) with silence intervals
between pulses. It has a general downward FM throughout the call but with a short and slight up-downward FM
segment in the first seventh of the call duration.

Call A (Fig. 55A-N and 52E). We examined 20 recordings, a total of 47 minutes, with ca. 1100 calls from 55
males. Only some of these calls were measured (see Table 2). Call duration varies from 0.980 to 1.961 s. The en-
velope of the call is variable. The call rise and fall are very short and similar to each other. The sustain is irregular
(Fig. 55@G), generally flat (Fig. 55A, C, F) or ascending (Fig. 55E, H). There is usually a long shallow valley at the
beginning or at the middle of the sustain. In several calls, the first half of the envelope has lower amplitude than
the second half. The amplitude peak is usually at around the end of the first four fifths of the call duration. The en-
velope of the calls varies from elliptic (Fig. 54A) to rectangular (Fig. 55C, F) or triangular (pointed left; Fig. 54E,
G, H). More than 50 % of the call energy is concentrated in 45 % of the call duration around the amplitude peak.
The call has a strong PAM (silence intervals are present between pulses; Fig. 55A—N). The rate of the PAM is ca.
20 Hz, forming ca. 31 pulses throughout the call. The interpulse intervals are variable but they are usually fourfold
longer than the pulse duration. Silence intervals are absent between the last pulses of the call (pulses are juxtaposed;
Fig.55D, J)). The last pulse longer than the others (Fig. 55A, B, C, D, E, 1, J, K). The call has a harmonic series (Fig.
52E). The fundamental frequency is ca. 450 Hz and approximately the first seven harmonics are emphasized. The
wave periods are regular and harmonics are clear throughout the call. The dominant frequency varies from ca. 560
to 2440 Hz (Fig. 55B). The dominant harmonic varies from the first to the sixth (except the third), but during the first
half of the call, it is usually the first (Fig. 52E; 55B, [-N). There is a clear shift in relative energy among the bands;
the dominant frequency increases towards the end of the call, starting at the first harmonic, moving to the fifth and
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FIGURE 55. Call A of Physalaemus jordanensis. Oscillograms (A, C—H) and audiospectrograms (B, I-N). A typical call (A-B).
Variant calls with different envelopes (C and I; E-H, K-N). Final pulses of a call (D and J). Note the longer duration of the final
pulse (D and J). Horizontal scale bars have 0.3 s (C and I; E-H, K-N) and 0.1 s (D and J); vertical scale bars have 1 kHz. Filter
bandwidth (Hz): 135 (L); 78.9 (M); 110 (J); 61.4 (N); 69 (I and K); 61.9 (B).

ending at the sixth; at the end of the call, the dominant frequency jumps among the first, fourth, fifth and sixth har-
monics (Fig. 52E; 55B, I-N). Most of the call energy is between 400 and 3700 Hz (five to six harmonics). The call
has a general downward FM, a short and slight up-downward FM in the first seventh of the call duration, leading
to slightly arc-shaped bands in this part of the call, and usually a short upward FM at the end (Fig. 55B, I-N). The
general downward FM and the initial up-downward FM result in S-shaped harmonics when considering the entire
call. Additionally, there is PFM throughout the call, which is directly proportional and synchronic with the pulse-
PAM (Fig. 55D, J, G, M).

Quantitative comparisons among the species and species groups

The first two components extracted from the PCA account for 54 % of the total variation. The first and second com-
ponents correspond to 29.3 and 24.7 %, respectively. The biplot of these components shows a clear discrimination of
two clusters (Fig. 56A, B), one containing most taxa of the P, signifer clade, i.e., species of the P. signifer (except P.
nanus) and P. deimaticus species groups plus two species with no group assigned, P. nattereri and P. maculiventris
(Fig. 56A, Table 1). Additionally, species of the P. henselii and P. olfersii species groups and a single species of the
P. cuvieri species group (P. centralis), which belong to P. cuvieri clade, were also found in this cluster (Fig. 56A,
Table 1).
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FIGURE 56. Distribution of 45 species (= samples) of Physalaemus along the first and second components of a Principal Com-
ponent Analysis (PCA) generated from 12 acoustical variables (A—B). Number labels in (A) indicate which species is each dot
on graph. The species’ numbers follow those in Table 1. Ellipses in (B) correspond to confidence interval of 95 %. Colors indi-
cate the species groups to which the species belong (see caption in the figure). “N_A” means “no species group assigned” (see
Table 1). Note that there are two groups, one basically composed of P. deimaticus, P. henselii, P. olfersii, and P. signifer species
groups and the other composed of P. biligonigerus, P. cuvieri (except P. centralis; see text), and P. gracilis species groups.

The other cluster contains most taxa of the P. cuvieri clade, i.e., species of P. biligonigerus, P. cuvieri (except P
centralis), and P. gracilis species groups plus two species with no group assigned, P. cicada and P. aguirrei. Physa-
laemus nanus, which belong to P. signifer clade, was also found in this cluster (Fig. 56A, Table 1).

The most explanatory variables were the frequency delta, fundamental frequency, bandwidth, and dominant
frequencies at the beginning and end of the call along the second component (Fig. 57). The variation found for the
first component mainly correspond to within-cluster variation (Fig. 57A, C), while most of the separation between
the two clusters is explained by the variation along the second component (Fig. 57B, C).

Discussion
Descriptive terminology and acoustic homology

The terminology used in acoustic descriptions of Physalaemus is highly variable. Similar and apparently homolo-
gous structures have been referred to under different names. This variation apparently stems from two main reasons.
One is the application of terms without concern for homology. This nomenclature usually followed arbitrary appli-
cations of bioacoustic terms (see Littlejohn 2001), focusing only on describing differences between calls instead of
also properly identifying acoustic correspondences (Robillard ez al. 2006a; Kohler et al. 2017).

In cases when comparisons took into account acoustic similarities, the absence of important key taxa (inter-
mediate taxa criterion of Remane [1952]) might have jumbled the puzzle, making it difficult to evaluate homology
among structures and features. That seems to be the case in descriptions of calls emitted in sequences (P. nattereri,
P, cicada, and P. lisei). These sequences have been described as entire calls composed of notes (Bokermann 1966a;
1966b; Morais & Kweet 2012). In those cases, a “call” (= call series) seems not to be homologous to what is usually
referred to as call for other congeners (e.g., P. atim, P. albifrons, P. cuvieri, P. riograndensis, P. gracilis, see refer-
ences in Table 1). That seems to be the case of the call of P. rupestris which was described as a sequence of notes (=
sequence of calls A, see P. erythros and P. rupestris in the present study and Nascimento ez al. [2001]).
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FIGURE 57. Loadings plots of 12 acoustical variables for the first two components of a Principal Compoment Analysis (PCA)
based on 45 species (= samples) of Physalaemus (A—C). Plots with the ordered variable loadings for first (A) and second (B)
components. Distribution of the samples along the first and second components with the variable loadings depicted as vectors
on the biplot (C). Colors indicate the species groups to which the species belong (see caption in the figure). “N_A” means “no
species group assigned” (see Table 1). Note that the two groups are mainly separated by the frequency delta, fundamental fre-
quency, bandwidth, and dominant frequencies at the beginning and end of the call along the second component (see text). The
variable variances were scaled in order to equalize their influence in the PCA.

The second reason for this nomenclatural instability is related to the difficulty in establishing homology among
acoustic structures (Atz 1970; Cannatella et al. 1998). Even though some studies have improved our comprehen-
sion on the homology of behavior (Wenzel 1992; de Queiroz & Wimberger 1993; Rendall & Di Fiore 2007), the
application of the suggested criteria on acoustic traits is not easy. The less complex the structure, the less amount of
available information to be compared and used under homology criteria (Remane 1952). Since bioaoustical signals
are considerably simpler than other phenotypical structures such as anatomical ones, a deep understanding of the
signals is imperative to extract the maximum of information while comparing their traits to establish homologies.
Errors like clear convergent structures and/or traits not recognized as such but rather considered homologous and
vice-versa are frequent in the literature as a result of superficial knowledge about the signal’s traits. This issue can
be exemplified by the several attempts in classifying correctly the frequency bands in Physalaemus as sidebands or
harmonics (e.g., bands of P. olfersii in Bokermann 1966a; Heyer et al. 1990; Giaretta et al. 2009; Cassini et al. 2010;
see also subharmonics above). Several studies have addressed the issue and allowed identification of these bands
by methods that verify the behavior of the bands and the mathematical relationship among each other to estimate
the number of vibrating sources and their dependency degree (see Bradbury & Vehrencamp 1998: 58; Greenewalt
1968: 88—100; Gerhardt & Huber 2002: 425-430). The correct band identification means a deeper comprehension
of the likely processes responsible for producing the observed bands. In other words, it means a better comprehen-
sion with larger and more accurate information about the bioacoustical structures studied. Although physiological
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experiments on vocal activity will certainly contribute with more reliable evidence for these questions (e.g., Martin
1972; Suthers et al. 2006), those methods are more affordable because they allow this kind of assessment by analyz-
ing the signals only.

Usually, sidebands are observed as low energy bands flanking the carrier (dominant) frequency (Bradbury &
Vehrencamp 1998; see Watkins 1967 for other patterns). The pattern of the frequency bands in several Physalaemus
species resembles that of sidebands (all species in the P. signifer clade and P. olfersii group). Probably, this is the
reason why many studies have described sidebands for some species such as P. maximus, P. soaresi, P. angrensis,
and P. lateristriga (Weber et al. 2005; Weber et al. 2006; Cassini et al. 2010; Santanna & Moura 2011; Peres &
Simon 2012). Here, we combined the criteria given by Greenewalt (1968) and the known behavior of sidebands
and harmonics in frequency-modulated calls (Bradbury & Vehrencamp 1998; Gerhardt & Huber 2002; see Material
and Methods in the present study) to propose a more objective method for identification of the process responsible
for the observed bands. For instance, the harmonic behavior of the bands can be exemplified by the figures 33F (cf.
Fig. 38B) and 42B (cf. Fig. 43B) for P. soaresi and P. lateristriga, respectively. The modulation of the calculated
frequency [reciprocal values of the periods (w) of the structure responsible for the bands] clearly follows the modu-
lation of the “instantaneous” dominant frequency. This modulation is also followed by the other bands observed at
the same time span. Moreover, the factors found dividing “instantaneous” dominant frequency by the calculated
frequency were always very close to integer values. All these results are expected for harmonic-related bands. Side-
bands could be integer multiples of the carrier frequency (usually the dominant band) by chance. However, since
the real modulations that produce sidebands are usually produced by independent oscillators, this coincidence is
unlikely. Even so, if the bands were sidebands, variations of the calculated frequency of the responsible modulation
would instantaneously change the distance between the sidebands and the carrier frequency instead of all the bands
change together at the same distance among each other.

The use of several complex traits such as S-shaped harmonics and arrow-shaped envelopes were indispensable
to recognize homology among calls in Physalaemus, however, the case harmonic vs. sideband was emblematic.
By assessing, at least in part, how the observed bands are produced and underpinning their harmonic or sideband
relationship, we were also able to use this information to support or refute homology among the observed bands of
different species and species groups and consequently among the bioacoustical structures to which these bands are
associated as well.

Call function

We described the calls here using letters as labels. We avoided the traditional terms applied in call descriptions such
as “advertisement”, “aggressive”, “territorial”, etc. (Wells 1977; Duellman & Trueb 1986). Most of the recordings
were obtained from acoustic collections (Appendix 1) and the behavioral context in which males were recorded was
not directly observed (but see inferences on number and relative distance of active males in Material and Methods).
Therefore, we avoided spurious connections between acoustic traits and functions of calls (Hepp et al. 2017). Even
when contexts are informed, associated call functions are usually highly speculative in the absence of more reliable
evidence such as those from playback experiments (Martin 1972; see Bastos et al. 2011 as an example with proper
playback experiments).

Nonetheless, some clues may be present in the acoustic recordings and they can lead to possible functions of the
signals which have to be tested in further studies. The calls A described here were the most frequently emitted by
the species recorded. That observation usually leads to an association between the signal and mating function, i.e.,
males advertising themselves to gravid females (Bogert 1960). Since this signal can have the function of advertis-
ing females and rival males, it has been termed “advertisement call” (Duellman & Trueb 1986; Wells 1977; 2007).
Moreover, several A calls described here resemble the advertisement call reported for Engystomops species (Ron
2008). The A calls of the P. cuvieri group, P. biligonigerus group, and P. gracilis group (except the long calls of P,
lisei and the pulse-PAM in calls of P. jornadensis) are very similar to the whine-like note of Engystomops pustulosus
(Ryan & Guerra 2014). The A calls of species in the P. deimaticus group resemble the chuck-like note of that spe-
cies (both have several frequency bands close to each other). Whine- and chuck-like notes compose the well-known
advertisement call of E. pustulosus and both play important roles in the mating process (Ryan 1985). Type A calls of
the other Physalaemus species seem to share traits with both notes and there is no clear correspondence to a single
structure, i.e., to whine- or chuck-like note of Engystomops calls.
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Calls B and C were often recorded after apparently agonistic interactions or, at least, in highly intrasexual com-
petitive contexts, such as several active males calling at high call rates close to each other in the same chorus (see
Material and Methods). Usually, calls B and C were followed by the same call type emitted by other neighboring
males, suggesting an aggressive and/or territorial function. In species with more than one call type and nonpulsed
A calls (P. maculiventris, P. erythros, P. signifer, and P. spiniger), B calls are longer than A calls. This difference
is expected for aggressive calls in species with narrowly-tuned calls (Gerhardt & Huber 2002). The call B tends to
be more tone-like than call A in all species, even in those with pulsed A calls (P. nanus, P. angrensis, P. moreirae,
and P. crombiei). A similar pattern has been found for aggressive calls in relation to advertisement calls, such as in
Colostethus panamensis (Wells 2007 and references within).

Additionally, B calls of some species have lower fundamental frequencies than calls A (P. crombiei, P. spiniger,
P. nanus, and P. rupestris). Decreasing fundamental frequency is one way to make voice pitch lower. Lowering the
voice pitch has been an important strategy in transmitting dishonest signals of size-related information in sexual
selection contexts (e.g., Bee et al. 2000). The subharmonics regimes, common in calls B and C, might be acting in
the same way. The existence of subharmonics would provide means of lowering apparent voice pitch without having
an oscillator large enough to emit such low-frequency signal (Fitch ef al. 2002). This could explain the motivation
behind the female preference for chuck-like notes in Engystomops, since this note has emphasized subharmonics
(Kime et al. 2013). Female preference for calls with lower fundamental frequencies and/or subharmonics is still
untested in Physalaemus species.

Repertoire recognition

We recognized and described for the first time additional calls for P. maculiventris, P. erythros, P. nanus, P. crom-
biei, P. bokermanni, P. angrensis, and P. moreirae (Table 1). Nonetheless, we did not recognize some calls of P,
spiniger, P. signifer, and P. cuvieri (Table 1; cf. “fight call” in Wogel et al. 2002; “fight call”, “release call”, and
“amplexus call” in Costa & Toledo 2013; “courtship call” in Gambale & Bastos 2014). The “courtship call” of P,
cuvieri has very low amplitude (P. Gambale pers. comm.) and it is apparently very difficult to record. Therefore, it
is likely uncommon in sound collections and, even though we have analyzed a large number of recordings for the
species (see Appendix I), it is possible that we have examined any “courtship call”.

Alternatively, we might have examined some of these calls but not recognized them as a different call type.
That seems to be the case for the calls of P. spiniger and P. signifer, which are very similar to other calls in acoustic
traits but differ significantly in social context. Since we were not able to assess the precise context in which the calls
were emitted, this missing data might be key traits for differentiation in these cases. Moreover, we have examined
several recordings used in some of these studies (see Appendix I; Wogel et al. 2002; Costa & Toledo 2013; Gambale
& Bastos 2014), which corroborates this latter explanation for fewer recognized calls in the present study for these
three species.

Application in systematics

The acoustic traits of Physalaemus species have been intensely used to clarify their taxonomy (e.g., Bokermann
1966b; 1967; Heyer & Wolf 1989; Haddad & Pombal 1998; Pimenta et al. 2005; Weber et al. 2006; Cardozo &
Pereyra 2018). The stereotypy of the species’ calls, the high availability of recordings, and acoustic diversity ob-
served in the genus contribute to the historical usefulness of bioacoustical features in these studies. The diversity of
acoustic traits is especially true for the P. signifer clade, where A calls with or without pulses, different pulse and
interpulse durations, and different timbres (i.e., different frequency bandwidths and energy patterns of the bands) are
observed. That explains why acoustic features are part of the diagnostic traits of so many species in this clade (see
discussion in Heyer & Wolf 1989; Haddad & Pombal 1998; Haddad & Sazima 2004).

Besides the diversity among A calls, species in the P. signifer clade are the only species to have a repertoire
formed by calls A and B, which can be quite distinct from each other. For instance, P. angrensis, P. moreirae, and P.
nanus have calls in their repertoires with and without pulse-PAM (calls A and B, respectively). The capacity of many
species to produce different calls (calls A, B, and C), and the remarkable differences found among calls A of differ-
ent species and between calls A and B in a same species indicate a propensity of this clade to acoustic diversification
(perhaps a consequence of the vocal apparatus’ complexity, see below).

On the other hand, species in the same clade tend to share many similar acoustic traits. For instance, species of
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P. olfersii group have a relatively long call duration, usually upward general FM, low fundamental frequency, and
only higher harmonics emphasized. Moreover, species of this group (P, feioi, P. lateristriga, P. maximus, P. olfersii,
and P. soaresi) have PFM throughout the entire call. As stated above, species of the P. signifer clade have energy
concentrated in adjacent higher harmonics and usually more than one call type. Within this clade, species in the P,
deimaticus group have relatively short A calls with low fundamental frequency and broad bandwidth. Physalaemus
cuvieri and P. ephippifer are closely related within the P. cuvieri group (see Lourencgo ef al. 2015), and both have
subharmonics present in all calls. Nevertheless, one of the most remarkable call similarities in the genus is the
whine-like call with a single harmonic note, the first harmonics carrying most of the sound energy, and S-shaped
bands (consequence of the FM pattern). This kind of call is shared by 21 species, including all species in the P,
cuvieri clade, except those in the P, henselii and P. olfersii groups and, apparently, it is plesiomorphic for the genus
(Hepp & Pombal in prep).

Barrio (1965) described calls of eight Physalaemus species and classified calls of 13 species of the genus into
four call types referred to as type A, B, C, and D. Barrio’s (1965) categories focused on the taxonomic differences.
In this case, distinct call types mean distinct call features, but, different from here, do not mean that the calls are or
are not homologous or even that the species in question have their repertoires composed of a single or more calls.
Barrio has claimed for a possible phylogenetic correspondence of the proposed phenetic classes, however the spe-
cies groups with different call types do not agree with the clades found by recent phylogenetic studies (Lourengo et
al. 2015; Hepp & Pombal in prep; but see species with type B below). His types A and B seem to be the only classes
that are defined based on fixed acoustic similarities. Type C was assigned for calls with sequences of short notes (=
call series here, see section “Descriptive terminology and acoustic homology” below) and included species such as
P. cuvieri, P. signifer, P. santafecinus, and P. aguirrei. A few species really emit calls in series (see “call series” in
Kohler et al. 2017). Some of them have almost all calls grouped in sequences (e.g., P. cicada and P. lisei). On the
other hand, such call series seem to be facultative in other species (e.g., P. angrensis and P. nattereri) depending
on the social environment (e.g., number of calling males in the chorus) and abiotic conditions (e.g., temperature;
pers. obs.). Barrio (1965) defined type D as calls with no harmonic series and assigned for P. henselii, P. centralis,
P maculiventris, P. nattereri, and P. obtectus (and possibly also Pleurodema spp.). The unique species that could
be considered without harmonic series is P. fernandezae (type B sensu Barrio 1965; see below) which has a single
perceptible frequency band (but see Cei 1980). Some of the species with type C calls, such as P. centralis and P.
maculiventris, have a very low fundamental frequency and the bands are not shown in audiospectrograms with wide
filter bandwidth. That could be the reason which led Barrio (1965) to that class definition.

Type A calls (sensu Barrio 1965) were defined as calls with many harmonics, sounding to human ear as a meow
or as an infant cry. Indeed, calls classified as type A (sensu Barrio 1965; those of P. biligonigerus, P. albonotatus,
P. riograndensis, and P. gracilis) have common traits such as clear harmonics, emphasized first harmonics, down-
ward general FM, and arc-like FM at the outset of the call (plesiomorphic traits described above; Hepp & Pombal
in prep). Even though, P. henselii had been classified as having call type D by Barrio (1965), its call has the same
traits used to define his type B (lack of clear harmonics and higher fundamental frequency). Indeed, the Barrio’s
definition of type B calls could be used to classify the calls of the current P. henselii species group (P. fernandezae
and P, henselii).

Barrio’s (1965) classification was the first to use calls to define species groups in Physalaemus. Since then,
species have been described (Bokermann 1966b; 1967; Heyer & Wolf 1989; Haddad & Pombal 1998; Pimenta et al.
2005; Weber et al. 2006; Cardozo & Pereyra 2018) and phylogenetic relationships are being assessed based on call
traits (Hepp & Pombal in prep). Still, it should be noted that some traits must be carefully interpreted, as they can
be polymorphic. For instance, slight PAM and/or PFM are present in some calls of P. albonotatus, P. ephippifer, P.
evangelistai, P. gracilis, and P. kroyeri (see Bokermann 1966b), whereas most calls lack such modulations. Depend-
ing on the character in question, an extensive sampling is necessary to make sure whether the feature is fixed (see
discussion in Kohler et al. 2017).

Part of the fixed acoustic differences may be due to fixed anatomical differences in the vocal apparatus (Drewry
et al. 1982). Even the pulse-PAM might be produced passively (Martin 1972). Therefore, further comparative ana-
tomical studies on the vocal apparatus of the genus may bring some light on this issue.
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Quantitative comparisons among the species and species groups

We found two clusters in the PCA and they substantially represent the two major clades found by Lourengo ef al.
(2015). Considering the most explanatory variables (see Fig. 57), the cluster mostly composed of taxa of P. signifer
clade has lower fundamental frequency, bandwidth and dominant frequency at the end of the call and higher fre-
quency delta and dominant frequency at the end of the call than the cluster with most taxa of the P, cuvieri clade (Fig.
58). Physalaemus nanus was the only species of the P. signifer clade that did not cluster with the rest this taxon. One
of the main reasons was the atypical high fundamental frequency of the call A of P. nanus for the P. signifer clade,
a possible convergence with the species of the P. cuvieri clade (Hepp & Pombal in prep). Regarding the species of
this latter clade, only P. centralis and the species of the P. henselii and P. olfersii species groups did not cluster with
the other taxa of this clade (see Fig. 56). Instead, they clustered with those of the P. signifer clade. This configura-
tion seems to be mainly a consequence of the low fundamental frequency (except P. henselii species group) and low
values of frequency delta or high values of positive frequency delta of the calls in these species, common features
for species of the P. signifer clade (Fig. 58). As well as for P. nanus, preliminary phylogenetic analyses indicate that
these acoustic resemblances are convergence rather than plesiomorphies (Hepp & Pombal in prep).

Energy concentration in higher harmonics

Several Physalaemus species have the energy concentrated in adjacent harmonics above the fundamental frequency.
Usually, harmonic sounds have most energy concentrated in the fundamental frequency and successive harmonics
showing decreasing amplitudes (i.e., Dirichlet conditions; Bradbury & Vehrencamp 1998). There are two major
processes to keep higher harmonics with more energy than the lower ones: by directly producing this pattern in the
sound source or modulator; or by filtering the sound after its production (Bradbury & Vehrencamp 1998). Rand &
Dudley (1993) addressed the issue by recording males of four species (including E. pustulosus) calling in regular
air atmosphere and in an artificial, helium impregnated, atmosphere. If acoustic filtering was important to the final
acoustic outcome, one would expect different sounds coming from the two different environments. However, these
authors did not find differences among the trials. They concluded that acoustic filtering is not relevant to the produc-
tion of the acoustic signals of those species (Rand & Dudley 1993).

Most of the species with energy concentrated in the higher harmonics belong to the P. signifer clade and to the
P. olfersii species group. If all vocal sacs are made of the same material, smaller vocal sacs will tend to have higher
resonance frequencies, and then we can expect that species with small sacs would have energy concentrated in
higher harmonics by filtering. Although some species of those taxa have relatively small to medium, not expanded
laterally, vocal sacs (e.g., P. bokermanni and P. deimaticus group; Nascimento et al. 2005), most species of the P,
olfersii group have significantly large vocal sacs (except P. soaresi; see Cassini et al. 2010; but also see Drewry et al.
1982). This indicates that the relationship between the size of the vocal sacs and the energy pattern of the frequency
bands is not a likely explanation to this energy pattern in Physalaemus.

Studies on E. pustulosus have showed that the lower the fundamental frequency, the higher is the dominant one
(Ryan 1985). In fact, this hypothesis could be an alternative explanation for the energy concentration in higher har-
monics in species with medium or large vocal sacs. However, some species such as P. nattereri, P. signifer, and P.
moreirae, which emit calls with low fundamental frequencies do not show such energy differences between higher
and lower harmonics. Other species, such as P. lisei and P. cicada, have relatively regular fundamental frequency
values and their fundamental bands have little energy or are not visible in audiospectrograms. Perhaps a combina-
tion of after-production filtering and source-produced signal may be acting together in order to generate this high-
pitched, nasal-like timbre.

Nonlinear regimes

Nonlinear phenomena are common in the repertories of animals with complex neuromuscular machinery involved
in the phonation such as mammals (Wilden ez al. 1998). In humans, nonlinear phenomena are associated to patholo-
gies in the vocal folds or they can be achieved by intentional phonation (Herzel et al. 1994; 1995). To produce some
of those phenomena, mammals can use projections of the apparatus, such as vocal membrane or “vocal lip”, as an
extra oscillator, which vibrates at different frequencies from those of the main vocal folds (Mergel et al. 1999). In

94 - Zootaxa 4725 (1) © 2020 Magnolia Press HEPP & POMBAL



birds, nonlinear vibrations are claimed to be emitted by a similar two-mass model consisting of a heavy medial
labium coupled to a flexible medial tympaniform membrane (Fee ef al. 1998). Similarly, fibrous projections (com-
monly named as fibrous masses) in the vocal apparatus of species of Engystomops and Physalaemus (Martin 1972;
Drewry et al. 1982; Gridi-Papp et al. 2006) have been evoked as being the structures responsible for vibrations at
lower frequencies and for producing subharmonics (Drewry et al. 1982; Ryan & Drewes 1990; Gridi-Papp et al.
2006).

The phonatory organ of anurans, referred to as vocal apparatus, is admittedly simple and supposedly unable to
oscillate in complex regimes such nonlinear ones (Suthers et al. 2006). However, a few studies have recorded and/or
stimulated nonlinear signals in anuran species (e.g., Feng et al. 2002; Narins et al. 2004, Suthers et al. 2006). For
instance, nonlinear phenomena are prominent in the repertoire of the ranid Odorrana tormota (Feng et al. 2002,
Narins et al. 2004). The complex morphology of the T-like vocal cords of this species might be related to this pho-
netic ability (Suthers et al. 2006).

Twenty-three Physalaemus species presented calls with nonlinear regimes. Interestingly, nonlinear phenomena
have never been described in the genus so far. In calls of some species, such as P. camacan, P. lisei, P. spiniger,
and P. soaresi, deterministic chaos and subharmonics regimes are quite common or even predominant. In P. cuvieri
and P. ephippifer, subharmonics are present in all the calls examined. In these species, subharmonics have been de-
scribed as possible harmonics or sidebands (Heyer et al. 1990), or been apparently just ignored (Barrio 1965; Kaefer
et al. 2011; Gambale & Bastos 2014). The term “subharmonics” was only briefly cited (once) in a figure caption of
a single study with Engystomops pustulosus (Kime et al. 2013).

Apparently, species of Physalaemus have vocal apparatuses that are highly prone to produce nonlinear regimes
such as subharmonics and deterministic chaos. All nonlinear phenomena are usually related to exceeding the limit
of energy that the apparatus can still vibrate linearly (Wilden ef al. 1998; Suthers et al. 2006). Indeed, species that
showed subharmonics tended to show deterministic chaos as well (e.g., P. lisei, P. spiniger, P. soaresi) suggesting
that both phenomena may be caused by similar processes.

Morphological source

Recent studies suggest that some species of Engystomops are able to emit two-voiced calls by vibrating the vocal
cords and the fibrous masses somehow independently (review in Ryan & Guerra 2016). Drewry et al. (1982) have
described relatively large fibrous masses in P. lateristriga (= P. olfersii in Drewry et al. 1982; see Cassini et al. 2010
for specimens referred as P. olfersii from the state of Parand), a species that has a very low fundamental frequency.
Additionally, they noticed that E. pustulosus has fibrous masses distributed in a longer projection and apparently
more mobile than that of P. lateristriga and P. gracilis. This suggests that the fibrous masses could be occasionally
moved towards the path of the air flow while males are calling. That could explain why the specie is able to produce
two very different notes, one containing only true harmonics (“whine”) and other containing additional subharmon-
ics (“chuck”) (Drewry et al. 1982; Kime et al. 2013).

Future studies should be conducted in order to evaluate whether species with calls with low fundamental fre-
quencies, such as those in the P. signifer clade (and especially in the P. deimaticus species group) and in the P,
cuvieri clade (P. olfersii species group) have larger and well-developed fibrous masses in their vocal apparatus.
Moreover, species of P. deimaticus group, P. maculiventris and P. nattereri (both in the P. signifer clade, but with
no species group assigned), and P. maximus (P. olfersii group) show a single vibrational regime. This suggests that,
in some species, the fibrous masses may not vibrate independently, as in P. olfersii (Drewry et al. 1982). Fibrous
masses in these species are probably firmly attached to the vocal cords, allowing the species to always emit very
nasal-like calls, with low fundamental frequencies.

Final remarks

In the present study we have analyzed as many calls as available in public and particular archives in order to achieve
a better comprehension of the acoustic variation in the genus Physalaemus. This assessment allowed us to find pos-
sible natural acoustic similarity patterns among species and species groups and then establish more robust primary
homology hypotheses (sensu de Pinna 1991) for the acoustic structures and features. Recently we have codified
these similarities into characters, which have been tested in further analyses in a phylogenetic context and some
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of them have been found to be secondary homologs indeed (see de Pinna 1991; Hepp & Pombal in prep). These
outcomes highlight the importance of wide interspecific comparisons in order to correctly apply acoustic features
to comparative studies such as those on taxonomic and phylogenetic subjects (Hepp et al. 2015; 2017; Forti et al.
2018).
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APPENDIX I: Recordings examined in the present study. See Material and Methods for collection acronyms. Sev-
eral recordings were kindly given by recordists and researchers. These files were kept without acronym and number
since they were not deposited in official collections yet. In these cases, we used the initials of the researchers’ names
when the files were cited. We also give the name of the recordist for each recording, when this information was
available. The initials of the names are AAG (Ariovaldo A. Giaretta), AB (Avelino Barrio), ACCL (Ana Carolina
Calijorne Lourengo), AJC (Adao J. Cardoso), AK (Axel Kwet), BL (Bertha Lutz), BVSP (Bruno V.S. Pimenta),
CAB (Cinthia A. Brasileiro), CFBH (Célio F. B. Haddad), CLD (Cyro Luna-Dias), CSC (Carla S. Cassini), DB
(Diego Baldo), DEC (Dario E. Cardozo), DPB (D¢élio P. Baéta), DS (Diego Santana), GVA (Gilda V. Andrade), HTA
(Hans T. Andrade), HW (Henrique Wogel), IJR (Igor J. Roberto), IS (Ivan Sazima), JP (José P. Pombal), JRM (José
Carlos R. de Magalhaes), JV (Jacques Vielliard), LBN (Luciana B. Nascimento), LD (Leandro Drummond), LFS
(Luis F. Silveira), LFT (Luis Felipe Toledo), LG (Luiz Giasson), LNW (Luiz N. Weber), LPG (Luiz P. Gonzaga),
MAM (Marcos A. Melo), MAP (Michel de Aguiar Passos), MB (Marcos Bilate), MGP (Marcos Gridi-Papp), MM
(Marcio Martins), MVG (Michel V. Garey), MWC (Manoela W. Cardoso), PCR (Pedro C. Rocha), PGG (Priscilla
G. Gambale), PPGT (Pedro P.G. Taucce), RH (Ronald Heyer), RT (Rodrigo Tinoco), RR (Romulo Ribon), SPCS
(Sergio P. Carvalho-e-Silva), TC (Thais Costa), TLP (Tiago L. Pezzuti), and WCAB (Werner C.A. Bokermann).
“A.t.” = air temperature; “rec.” = recordist; “w.t.” = water temperature.

Pleurodema brachyops. Brazil: RoraMA: Boa Vista: Lagoa Embrapa (FNJV 0011023, rec. MM, a.t. 30°C); Venezuela: BARINAS:
Barrancas: Estagdo Experimental El Irel, da ULA (FNJV 0031292, rec. AJC, a.t. 26°C, w.t. 26°C).

Engystomops freibergi. Unknown locality (CENBAM 0505).

Engystomops petersi. Brazil: Acre: Xapuri (FNJV 0004594, rec. AJC); Marechal Thaumaturgo (FNJV 0031648, rec. AJC, a.t.
25°C, w.t. 22°C); PARA: Altamira (FNJV 0004595, rec. AJC).

Engystomops pustulosus. Venezuela: BARINAS: Barrancas: Estacdo Experimental El Irel, da ULA (FNJV 0031267, rec. AJC, a.t.
23, w.t. 25; FNJV 0031268, rec. AJC, a.t. 26, w.t. 26); Fazenda Cucuchica — Tovar-ME (FNJV 0007660—62).

Physalaemus aguirrei. Brazil: EspiriTo SaNTO: Linhares, Reserva Bioldgica CURD (FNJV 0031167, rec. AJC, a.t. 21°C, w.t.
22°C); Sooretama (FNJV 0031776, rec. WCAB, a.t. 20°C); MiNnas Gerais: Carlos Chagas (CBUFMG 043, rec. PCR, a.t.
19°C; CBUFMG 044, rec. PCR, a.t. 19°C; CBUFMG 045, rec. PCR, a.t. 19°C; CBUFMG 046, rec. PCR, a.t. 18°C); BaHia:
Prado: Parque Nacional Descobrimento (undeposited file #11-04 given by Bruno Pimenta, rec. BVSP).

Physalaemus albifrons. Brazil: Bania: Maracas: Brocoto (FNJV 0031943, rec. WCAB, a.t. 20°C, w.t. 24°C); CEARA: Jaguaripe
(AAGARDA 10254, rec. DS).

Physalaemus albonotatus. Argentina: HELVETIA: Santa Fé (FNJV 0031169, rec. AJC, a.t. 23.5°C, w.t. 23°C; FNJV 0031170, rec.
AJC, a.t. 21°C, w.t. 20°C); Brazil: Mato Grosso: Caceres (FNJV 0031171, rec. AJC, a.t. 30°C, w.t. 28°C, FNJV 0031175,
rec. AJC, a.t. 26°C, w.t. 26°C); Baia da Caigara (FNJV 0031172, rec. AJC, a.t. 28°C, w.t. 26.6°C; FNJV 0031173, rec.
AJC, a.t. 28°C, w.t. 26.6°C); Baia do Sovaco (FNJV 0031174, rec. AJC, a.t. 26°C, w.t. 26°C, FNJV 0031176, a.t. 25°C, w.t.
28°C); Cuiaba (FNJV 0031877, rec. WCAB, a.t. 25°C); Jaciara (FNJV 0031863, rec. WCAB, a.t. 28°C); unkown locality
(one undeposited file, RT; one undeposited file in Guia Interativo dos Anfibios Anuros do Cerrado, Campo Rupestre &
Pantanal); Paraguay: ALto PARANA: Hernandarias: Mbaracayt Biosphere Reserve (FPANF119RE; available on http://
www.faunaparaguay.com/physalaemusalbonotatus.html).

Physalaemus angrensis. Brazil: Rio DE JANEIRO: Angra dos Reis: Rio Florestdao (ASEC 12679-80, rec. LPG, ASEC 17136-37,
rec. LNW).

Physalaemus atim. Brazil: GoiAs: Campo Limpo de Goias: Fazenda Conceigdo (undeposited file used in Brasileiro & Haddad,
2015, rec. CAB, a.t. 20°C).

Physalaemus atlanticus. Brazil: SAo Pauro: Ubatuba: Praia Domingas Dias (FNJV 0032013, rec. IS, a.t. 20°C, w.t. 20°C; FNJV
0032014, rec. IS, a.t. 19°C, w.t. 18.5°C); Picinguaba (CFBH 43.4, rec. CFBH, a.t. 22°C; CFBH 53.10, rec. CFBH, a.t. 28°C,
w.t. 27°C; CFBH 53.11, rec. CFBH, a.t. 28°C, w.t. 27°C).

Physalaemus barrioi. Brazil: SAo PauLo: Sdo José do Barreiro: Parque Nacional Serra da Bocaina (FNJV 0031177, rec. AJC,
a.t. 17°C, w.t. 16°C, FNJV 0031564, rec. AJC, a.t. 21°C, w.t. 23°C; five undeposited used in Provete et al., 2012, rec.
MVG); fazenda de fruticultura (FNJV 0031933, rec. WCAB, a.t. 10°C, w.t. 15°C).

Physalaemus biligonigerus. Brazil: Rio GRANDE Do SuL: Osorio (FNJV 0031178-79, rec. AJC, a.t. 22°C, w.t. 22°C; FNJV
0031682, rec. AJC, a.t. 22°C, w.t. 23.5°C; FNJV 0031683-84, rec. AJC, a.t. 23°C, w.t. 23.5°C; FNJV 0031685, rec. AJC,
a.t. 23.5°C, w.t. 23.5°C; FNJV 0031686, rec. AJC, a.t. 24°C, w.t. 23.5°C; FNJV 0031687, rec. AJC; FNJV 0031688, rec.
AJC, a.t. 24.5°C, w.t. 23.5°C; FNJV 0031689-91, rec. AJC); Viamao: Parque Estadual de Itapua (FNJV 0031180, rec. AJC,
a.t. 24°C, w.t. 25°C); Sdo louren¢o do Sul (FNJV 0031181, rec. AJC, a.t. 22°C, w.t. 20°C); General Camara (Fonozoo
6219-21, rec. AK, a.t. 21.5°C; Fonozoo 6223, rec. AK, a.t. 21.5°C); Sdo Jeronimo (Fonozoo 6047, rec. AK, a.t. 23.5°C;
Fonozoo 6118, rec. AK, a.t. 23.5°C); Candiota (Fonozoo 6068—69, rec. AK, a.t. 20.5°C; Fonozoo 6075-76, rec. AK, a.t.
20.5°C); Cagapava do Sul (Fonozoo 5841, rec. AK, a.t. 21°C; Fonozoo 5843, rec. AK, a.t. 21°C); Porto Alegre (Fonozoo
5723, rec. AK, a.t. 16°C; Fonozoo 5962, rec AK, a.t. 16°C; Fonozoo 6022, rec. AK, a.t. 20°C); Cidreira (Fonozoo 5976,
rec. AK, a.t. 21°C).

Physalaemus bokermanni. Brazil: SAo PauLo: Santo André: Campo Grande (FNJV 0031182, rec. AJC, a.t. 19°C, w.t. 18°C;
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FNJV 0031183, rec. AJC, a.t. 18°C, w.t. 18°C; FNJV 0031184, rec. AJC, a.t. 18°C); Paranpiacaba (CFBH 01-03, rec.
CFBH, a.t. 19°C, w.t. 20°C); Sao Paulo: Parque Natural Municipal da Cratera de Colonia (FNJV 0012046, rec. MAM);
Santos (undeposited file, rec. AAG, a.t. 21°C, w.t. 22°C); unknown locality (one undeposited file, JP; one undeposited file
in Guia Sonoro da Mata Atlantica).

Physalaemus carrizorum. Argentina: MissioNes: San Pedro: Parque Provincial el Pifialito (one undeposited file used in Cardozo
& Pereyra, rec. DEC, a.t. 18°C, w.t. 13°C).

Physalaemus camacan. Brazil: BaHia: [tacaré: Fazenda Capitdo (undeposited file given by PB, rec. PB); Camamu: PA Zumbi
dos Palmares (undeposited file given by PB, rec. PB); Una: ReBio de Una (undeposited file given by PB, rec. PB, a.t.
24.3°C). All these recordings were used in Pimenta ez al. (2005).

Physalaemus centralis. Brazil: Mato Grosso: Cdceres (FNJV 0031189, rec. AJC, a.t. 25°C; FNJV 0031234, rec. AJC, a.t. 26°C,
w.t. 29°C); Barra do Bugres (FNJV 0031235, rec. AJC, a.t. 24°C, w.t. 25°C); Rosdario Oeste (FNJV 0031883, rec. WCAB,
a.t. 29°C); Sao Félix do Araguaia (FNJV 0031186, rec. AJC, a.t. 26°C, w.t. 27°C); Guimardes (CBUFMG 233, rec. PCR);
Mato Grosso po SuL: Trés Lagoas (FNJV 0013013, rec. LFT, a.t. 27°C); Minas Gerais: Pedro Leopoldo (FNJV 0031922,
rec. WCAB, a.t. 21.5°C, w.t. 23.5°C); Mateus Leme (two undeposited files given by LD, rec. LD) SaNTA CATARINA: Sdo
Bento do Sul (FNJV 0031187, rec. AJC, a.t. 26°C, w.t. 25°C); SAo PauLo: Itipirina: Lagoa da Ponte (FNJV 0012973, rec.
LFT, a.t. 23°C); Luis Antonio: Fazenda Santa Helena (FNJV 0031190, rec. AJC, a.t. 22°C, w.t. 24°C, FNJV 0031629, rec.
AJC, a.t. 22.5°C, w.t. 22.5°C); Paulinia: Joao Aranha (FNJV 0031185, rec. IS, a.t. 24°C, w.t. 28°C); TocanTiNs: Formoso
do Araguaia (FNJV 0031188, rec. AJC, a.t. 25°C, w.t. 24°C).

Physalaemus cicada. Brazil: Bania: Maracas: Brocotd (FNJV 0031942, rec. WCAB, a.t. 20°C, w.t. 24°C); CeARA: Jaguaripe
(AAGARDA 10376, rec. DS); ParaiBa: Patos (FNJV 0031191, rec. AJC, a.t. 23°C, w.t. 25°C); Minas GErALS: Mocambinho
(CBUFMG 417-418, rec. TLP, a.t. 20°C); Rio GRANDE DO NorTE: Guamaré (MNVOC 035.1, rec. IJR).

Physalaemus crombiei. Brazil: EspiriTo SaNTO: Santa Teresa: Reserva Biologica de Santa Licia (MNVOC 012.3, rec. HW;
MNVOC 013.13, rec. JP, a.t. 26°C; MNVOC 015.14, rec. JP, a.t. 21.5°C, w.t. 21.5°C; three undeposited files given by
BVSP, rec. BVSP, a.t. 20.8°C); sitio do Boza (MNVOC 013.9, rec. JP, a.t. 21°C); Aracruz (CFBH 46.2, rec. CFBH, a.t.
24°C, w.t. 26°C; 48.6, a.t. 23.5°C).

Physalaemus cuqui. Agentina (two undeposited, rec. DB).

Physalaemus cuvieri. Brazil: ALacoas: Sdo Miguel dos Campos: Fazenda Varrela (MNVOC 016.9, rec. JP, a.t. 22°C) BaHiA:
Piata (AAGARDA 10132, rec. DS, a.t. 18.6°C; one undeposited file, rec. LD); Minas Gerais: Catas Altas: RPPN Santuario
do Caraga (MNVOC 030.2-3, rec. JP, a.t. 24.5°C; MNVOC 031.12-13, rec. MWC, a.t. 20°C, MNVOC 031.15, rec. MWC,
a.t. 20°C); Santa Cruz do Escalvado (ASEC 9895-96, rec. RR); Araponga: Parque Estadual Serra do Brigadeiro (ASEC
9897, rec. RR); Itabira: Ipoema (three undeposited files, rec. LD); Perddes: Pedra Negra (two undeposited files, rec.
BVSP, a.t. 28.1°C for one of the [unknown for the other]); /tumirim: Mata da Curva (one undeposited file, rec. BVSP, a.t.
22.5°C); Sdo Roque de Minas: Parque Nacional da Serra da Canastra (FNJV 0007703, rec. AJC; FNJV 0031205, rec. AJC,
a.t. 18°C, w.t. 19°C; FNJV 0031211, rec. AJC, a.t. 22°C, w.t. 20°C); Pogos de Caldas (FNJV 0031194, rec. AB): Morro
do Ferro (FNJV 0031199, rec. AJC, a.t. 18°C, w.t. 17°C; FNJV 0031201, rec. AJC, a.t. 20°C, w.t. 19°C; FNJV 0031210,
rec. AJC, a.t. 13°C, w.t. 17°C; FNJV 0031215, rec. AJC, a.t. 18°C, w.t. 18°C); Monte Verde (FNJV 0031229, rec. MGP,
a.t. 16°C; FNJV 0031230, rec. MGP, a.t. 17°C, w.t. 19.5°C); Carlos Chagas (CBUFMG 142, rec. PCR, a.t. 20°C); Grdo
Mongol (CBUFMG 664, rec. HTA, a.t. 20°C; CBUEMG 665, rec. HTA, a.t. 22°C); Nova Lima: Agua Limpa (FNJV
0031204, rec. AJC, a.t. 23°C, w.t. 26°C); Vargem Bonita (FNJV 0031206, rec. AJC, a.t. 22°C, w.t. 19°C); Alpinopolis:
Fazenda Salto (FNJV 0031207, rec. AJC, a.t. 24°C, w.t. 21°C); Varzea Bonita (FNJV 0031209, rec. AJC, a.t. 19°C, w.t.
24°C); Munhoz: Serraria (FNJV 0031212, rec. AJC, a.t. 18°C, w.t. 17°C); Jaboticatubas (FNJV 0031213, rec. IS, a.t. 16°C,
w.t. 17°C); Goliis (one undeposited file, rec. PGG): Niguelandia (three undeposited files, rec. LD); Mineiros: Parque
Nacional das Emas (FNJV 0031223, rec. AJC, a.t. 26°C, w.t. 25°C); Mogamedes (FNJV 0031226, rec. AJC, a.t. 28°C,
w.t. 25°C); Piaui: Sdo Raimundo Nonato (ASEC 10845, rec. LFS); Parque Nacional Serra da Capivara (FNJV 0031228,
rec. AJC, a.t. 27.5°C, w.t. 27°C); Bom Jesus: Estagdo Ecoldgica de Urugui-Uma (ASEC 3160, rec. LFS); Amarente (one
undeposited file, rec. LD); SAo PauLo: Anhembi: Fazenda Barreiro Rico (FNJV 0010325, rec. JRM); Ribeirdo Branco:
Fazenda Sao Luiz (CFBH 33.7, rec. CFBH, a.t. 19°C, w.t. 23°C; CFBH 36.5, rec. CFBH, a.t. 14°C, w.t. 20°C); Fazenda
Mathedi (CFBH 18.4, rec. CFBH, a.t. 23°C, w.t. 26°C); Cabreuiva: Fazenda da Cava (FNJV 0031193, rec. GVA, a.t. 21°C,
w.t. 25°C); Jundiai: Serra do Japi (FNJV 0031195, rec. CFBH, a.t. 21°C, w.t. 21°C); Jaguariuna (FNJV 0031202, rec. JV);
Campinas: Estrada Observatorio Capricornio (MNVOC 036.1, a.t. 20°C, w.t. 25.5°C); Brejo Taubaté (FNJV 0031203,
rec. AJC, a.t. 22°C, w.t. 21°C); Sao José dos Campos (CBUFMG 195-196, rec. PCR, a.t. 22°C); Santo André: Reserva
de Paranapiacaba (FNJV 0031216, rec. AJC, a.t. 17°C, w.t. 17°C; FNJV 0031224, rec. AJC, a.t. 20°C, w.t. 22°C); Campo
Grande (FNJV 0031217, rec. AJC, a.t. 19°C, w.t. 18°C); Sao Paulo: Cidade Universitaria (FNJV 0032009, rec. WCAB, a.t.
21°C, w.t. 22°C); Campo Grande (FNJV 0031773, rec. WCAB, w.t. 19°C; FNJV 0031812, rec. WCAB, a.t. 20°C; FNJV
0031872-73, rec. WCAB, a.t. 20°C); Rio GRaNDE po Sur: Santa Maria (CFBH 50.2, rec. CFBH, a.t. 23°C, w.t. 22°C);
Santo Angelo (Fonozoo 5786, rec. AK, a.t. 17°C); Cagapava do Sul: Guaritas (Fonozoo 5822, rec. AK, a.t. 26°C; Fonozoo
5841, rec. AK, a.t. 21°C; Fonozoo, rec. AK, 5882-83, a.t. 21°C); Viamdo (Fonozoo 5863, rec. AK, a.t. 21°C; Fonozoo
5865, rec. AK, a.t. 20°C; Fonozoo 6020, rec. AK, a.t. 23.5°C); Derrubadas: Parque Turvo (Fonozoo 5901, rec. AK, a.t.
21°C; Fonozoo 5905, rec. AK, a.t. 23°C; Fonozoo 5918, rec. AK, a.t. 21.5°C; Fonozoo 6086, rec. AK, a.t. 21.5°C); Torres
(Fonozoo 6023, rec. AK, a.t. 23°C); Porto Alegre (Fonozoo 603840, rec. AK, a.t. 17°C); Santa Cruz do Sul: Rio Pardinho
(Fonozoo 6093-94, rec. AK, a.t. 23.5°C; Fonozoo 6096, rec. AK, a.t. 23.5°C; Fonozoo 6097, rec. AK, a.t. 23°C; Fonozoo
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6113, rec. AK, a.t. 25°C); Campos universitario Santa Cruz do Sul (Fonozoo 6225, rec. AK, a.t. 22.5°C); Mata (Fonozoo
6099, rec. AK, a.t. 24°C); Herveiras (Fonozoo 624748, rec. AK, a.t. 20.5°C); Lauro Miiller (Fonozoo 6366, rec. AK, a.t.
20°C); Seara (Fonozoo 6371, rec. AK, a.t. 24°C; Fonozoo 6376, rec. AK, a.t. 20°C; Fonozoo 6380, rec. AK, a.t. 20°C);
Arvorezinha: Peral de Janeiro (Fonozoo 6450-51, rec. AK, a.t. 20.6°C); Taquara (FNJV 0031198, rec. AJC, a.t. 23°C, w.t.
25°C); SanTa CATARINA: Sdo Martinho (Fonozoo 6145, rec. AK, a.t. 21°C; Fonozoo 6148-49, rec. AK, a.t. 22°C); Lebon
Réges: Fazenda Serra de Esperanga (Fonozoo 6460, rec. AK, a.t. 18°C); Floriandpolis (Fonozoo 6183, rec. AK, a.t. 21°C;
Fonozoo 6288, rec. AK, a.t. 18°C): Unidade de Conservagdo Ambiental Desterro (Fonozoo 6151, rec. AK, a.t. 20°C); Lagoa
do Peri (Fonozoo 6197, rec. AK, a.t. 21.5°C; Fonozoo 6410, rec. AK, a.t. 21-22°C); Praia dos Naufragados (Fonozoo 6203,
rec. AK, a.t. 21.5°C; Fonozoo 6205, rec. AK, a.t. 21.5°C; Fonozoo 6295, rec. AK, a.t. 21°C); Praia da Joaquina (Fonozoo
6289, rec. AK, a.t. 22.5°C; Fonozoo 6291, rec. AK, a.t. 22.5°C; Fonozoo 6292, rec. AK, a.t. 18.5°C; Fonozoo 6414, rec.
AK, a.t. 22°C); Corupa (Fonozoo 6470, rec. AK, a.t. 18.9°C; Fonozoo 6471-72, rec. AK, a.t. 19.7°C); Blumenau: Trés
Peixinhos (FNJV 0031196, rec. AJC, a.t. 21°C, w.t. 23°C); Lages (FNJV 0031197, rec. AJC, a.t. 17°C, w.t. 20°C); ltapema:
Praia de Itapema (FNJV 0031214, rec. IS, a.t. 27°C, w.t. 29°C); Mato Grosso: Chapada dos Guimardes (CBUFMG 240,
rec. PCR, a.t. 24°C); Colégio do Buriti (FNJV 0031200, rec. AJC, a.t. 22°C, w.t. 22°C); PArRANA: Engenheiro Beltrdao
(FNJV 0031225, rec. AJC, a.t. 20°C, w.t. 22°C); ParaiBA: Teixeira: Maturéia (FNJV 0031227, rec. AJC, a.t. 19°C, w.t.
20°C); TocaNTINS: Formoso do Araguaia (FNJV 0031221-22, rec. AJC, a.t. 25°C, w.t. 24°C). Unknown locality (Fonozoo
5944, rec. AK, a.t. 20°C; CFBH 14.12, rec. CFBH; one undeposited file, rec. PGG).

Physalaemus ephippifer. Brazil: PArRA: Xingu: Serra do Jaguar (one undeposited file, rec. LD); unknown locality (unamed file,
CENCAM).

Physalaemus erikae. Brazil: Bania: Alagoinha: Bairro de Areia Funda (FNJV 0012239, rec. MAP); Porto Seguro: RPPN
Estacdo Vera Cruz (one undeposited file, rec. BVSP, used in Cruz & Pimenta, 2004, a.t. 24.4°C).

Physalaemus erythros. Brazil: MiNas GERrals: Bardo dos Cocais (CBUFMG 117-124, rec. PCR, a.t. 22°C); Itacolomi (CBUFMG
150-154, rec. PCR, a.t. 20°C; CBUFMG 155-158, rec. PCR, a.t. 19°C); Ouro Preto: Parque Estadual do Itacolomi, Lagoa
Seca (one undeposited file, rec. DPB ; three undeposited files, rec. LD).

Physalaemus evangelistai. Brazil: Minas GErais: Serra do Cip6 (FNJV 0031900, rec. WCAB, a.t. 19°C); Jaboticatubas (FNJV
0031208, rec. IS, a.t. 16°C, w.t. 17°C); Santana do Riacho (FNJV 0031631, rec. AJC, a.t. 21°C, w.t. 22°C; FNJV 0031634—
36, rec. AJC a.t. 16.5°C, w.t. 21°C); Santa Barbara: RPPN Santuario do Caraga (MNVOC 030.1, rec. ACCL, w.t. 18°C);
unknown locality (“Serra de OB-brejao”, one undeposited file, rec. LD).

Physalaemus feioi. Brazil: MiNnas Gerals: Vigosa (five undeposited files used in Cassini et al., 2010, rec. CSC, a.t. 21.8°C);
Muriaé (two undeposited files, rec. PPGT, a.t. 25.4°C).

Physalaemus fernandezae. Agentina (one undeposited file in Catalogo de Voces de Anfibios Argentinos); Buenos Aires: General
Lavalle (FNJV 0031236, rec. JV).

Physalaemus fischeri. Venezuela: Apuri: Mantecal (FNJV 0031231, rec. AJC, a.t. 25°C, w.t. 26°C; FNJV 0031232, rec. AJC,
a.t. 23°C, w.t. 25°C); Bovrivar: Guasipato (FNJV 0031233, rec. AJC, a.t. 28°C, w.t. 26°C).

Physalaemus gracilis. Brazil: Bania: Itabuna (FNJV 0031270, rec. AJC, a.t. 26°C, w.t. 27.5°C); SANTA CATARINA: Lages (FNJV
0031237, rec. AJC, a.t. 17°C, w.t. 20°C); Sdo Bento do Sul (FNJV 0031240, rec. AJC, a.t. 20°C, w.t. 22°C); PARANA: Sdo
Luis do Purund (FNJV 0031529, rec. AJC, a.t. 15°C, w.t. 17°C; FNJV 0031674, rec. AJC, a.t. 17.5°C, w.t. 21.5°C; FNJV
0031675-76, rec. AJIC; FNJV 0031677-79, rec. AJC, a.t. 16°C, w.t. 18.5°C; FNJV 0031680, rec. AJC, a.t. 15.5°C, w.t.
18.5°C; FNJV 0031681, rec. AJC, a.t. 15.5°C, w.t. 16°C); Rio GrRaNDE Do SuL: Taquara (FNJV 0031238, rec. AJC, a.t.
23°C, w.t. 25°C; FNJV 0032019, rec. WCAB, a.t. 20°C, w.t. 22°C); Rio Grande: Balneario Cassino (FNJV 0031239, rec.
AJC, a.t. 21°C, w.t. 22°C); Taim (Fonozoo 5725, rec. AK, a.t. 17°C; Fonozoo 5952, rec. AK, a.t. 17°C); Torres (Fonozoo
6023, rec. AK, a.t. 23°C): Parque Estadual da Guarita (FNJV 0031577, rec. AJC, a.t. 18°C, w.t. 17°C; FNJV 0031582-83,
rec. AJC, a.t. 17.5°C, w.t. 18°C); Viamdo (FNJV 0031584, rec. AJC, a.t. 18°C, w.t. 16.5°C; FNJV 0031586, rec. AJC, a.t.
18°C, w.t. 16.5°C; Fonozoo 5832, rec. AK, a.t. 19°C; Fonozoo 601920, rec. AK, a.t. 23.5°C); Porto Alegre (Fonozoo 6038,
rec. AK, a.t. 17°C; Fonozoo 6040, rec. AK, a.t. 17°C): Campus da Universidade Federal do Rio Grande do Sul (FNJV
0031587, rec. AJC, a.t. 23°C, w.t. 21°C; FNJV 0031607, rec. AJC, a.t. 12°C, w.t. 16°C; FNJV 0031609, rec. AJC, a.t. 19°C,
w.t. 23°C); Sapucat do Sul (FNJV 0032021, rec. WCAB); Cagapava do Sul: Guaritas (Fonozoo 5845, rec. AK, a.t. 21°C);
Cidreira: Balneario Pinhal (Fonozoo 5975, rec. AK, a.t. 21°C; Fonozoo 5977, rec. AK, a.t. 21°C); Osoério (Fonozoo 6006,
rec. AK, a.t. 25.5°C); Candiota (Fonozoo 6072, rec. AK, a.t. 15°C; Fonozoo 6081, rec. AK, a.t. 14°C); Santa Cruz do Sul:
Rio Pardinho (Fonozoo 6092, rec. AK, a.t. 24°C; Fonozoo 6093-94, rec. AK, a.t. 23.5°C, Fonozoo 6096, rec. AK, a.t.
23.5°C; Fonozoo 6097, rec. AK, a.t. 23°C; Fonozoo 6110, rec. AK, a.t. 25°C; Fonozoo 6113, rec. AK, a.t. 25°C).

Physalaemus henselii. Brazil: Rio GRANDE Do SuL: Porto Alegre (FNJV 0031578, rec. AJC, a.t. 12°C): Corrego Sabao (FNJV
0031579, rec. AJC, a.t. 16°C).

Physalaemus irroratus. Brazil: MiNas GERrals: Santa Maria do Salto: Fazenda Talisma (two undeposited files, used in Cruz et
al., 2007, rec. LBN, a.t. 22°C).

Physalaemus jordanensis. Brazil: Minas GEraAls: Wenceslau Braz: Charco (three undeposited files, rec. CLD, a.t. 17°C); Pog¢os
de Caldas (one undeposited file, rec. AAG, a.t. 18.3°C, w.t. 19.2°C): Morro do Ferro (FNJV 0031241, rec. AJC, a.t.
15°C, w.t. 19.5°C; FNJV 0031242, rec. AJC, a.t. 19°C, w.t. 21°C; FNJV 0031243, rec. AJC, a.t. 20°C, w.t. 19°C; FNJV
0031244, rec. AJC, a.t. 17°C, w.t. 18°C; FNJV 0031245, rec. AJC, a.t. 21°C, w.t. 19°C); SAo Pauro: Campos do Jorddo
(FNJV 003166167, rec. AJC, a.t. 13°C, w.t. 17°C; FNJV 0031668, rec. AJC, a.t. 13.5°C, w.t. 16°C ); Usina do Fojo (FNJV
0031660, rec. AJC, a.t. 11.5°C, w.t. 14°C); Lagoa da Serra (FNJV 0031787, rec. WCAB, a.t. 15°C); unknown locality (one
undeposited file, rec. JP).
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Physalaemus kroyeri. Brazil: Piaui: Amarante (one undeposited file, rec. LD); Minas Gerais: Teofilo Otoni (FNJV 0031800,
rec. WCAB, a.t. 24°C, w.t. 24°C); BaHia: Maracas: Santo Onofri (FNJV 0031939, WCAB, a.t. 20°C, w.t. 21°C); Ilhéus:
CEPEC (FNJV 0032047, rec. WCAB, a.t. 24°C, w.t. 21°C).

Physalaemus lateristriga. Brazil: SAo PauLo: Ribeirdo Branco: Fazenda Mathedi (CFBH 018.5, rec. CFBH, a.t. 21.5°C, w.t.
28°C; CFBH 019.7, rec. CFBH, a.t. 26°C, w.t. 24°C); Fazenda Sao Luiz (CFBH 035.3, rec. CFBH, a.t. 18.5°C, w.t. 21°C);
SanTa CATARINA: Sdo Bento do Sul (CFBH 052.8, rec. CFBH, a.t. 17°C, w.t. 18.5°C; CFBH 054.2, rec. CFBH, a.t. 18°C,
apparently used in Cassini et al., 2010); Ilhota: Morro do Bat (Fonozoo 6211, rec. AK, a.t. 17°C); Blumenau: Parque
das Nascente (Fonozoo 6433, rec. AK, a.t. 19°C; Fonozoo 6489-90, a.t. 22°C); Pirabeiraba: Serra de Dona Francisca
(Fonozoo 6480, rec. AK, a.t. 20.8°C); Corupa (Fonozoo 6470, rec. AK, a.t. 18.9°C; Fonozoo 6473, rec. AK, a.t. 25°C);
PARANA: Morretes (one undeposited file used in Cassini et al., 2010, rec. CSC, a.t. 20.8°C); Sao José dos Pinhais (two
undeposited files used in Cassini et al., 2010, rec. CSC, a.t. 20.8°C); Guaratuba (Fonozoo 630608, rec. AK, a.t. 19°C).

Physalaemus lisei. Brazil: Rio GRANDE DO SuL: Porto Alegre (FNJV 0031248, rec. AJC, a.t. 25°C); Sao Francisco de Paula
(FNJV 0031249, rec. AJC, a.t. 22°C, w.t. 18°C; FNJV 0031250, rec. AJC, a.t. 22°C, w.t. 19°C, FNJV 0031623, rec. AJC,
a.t. 18°C, w.t. 22°C; FNJV 0031624, rec. AJC, a.t. 18°C, w.t. 21°C; FNJV 0031625, rec. AJC, a.t. 18°C, w.t. 20°C; FNJV
0031645, rec. AJC): Pro-Mata (Fonozoo 5807, rec. AK, a.t. 17°C; Fonozoo 5850, rec. AK, a.t. 15°C, w.t. 13°C; Fonozoo
5927, rec. AK, a.t. 15°C; Fonozoo 5929-30, rec. AK, a.t. 16°C; Fonozoo 5934, rec. AK, a.t. 17.5°C; Fonozoo 5936, rec.
AK, a.t. 19°C); Canela: Parque Estadual Caracol (FNJV 0031602, rec. AJC, a.t. 17°C, w.t. 18°C; FNJV 0031603, rec. AJC,
a.t. 18°C, w.t. 17°C; FNJV 0031604, rec. AJC, a.t. 13°C, w.t. 19°C; FNJV 0031605, rec. AJC; Fonozoo 5775, rec. AK, a.t.
17°C); Terra de Areia (Fonozoo 6011, rec. AK, a.t. 23°C, 6016-17, a.t. 21°C).

Physalaemus maculiventris. Brazil: SAo PauLo: Paranapiacaba (FNJV 0031815, rec. WCAB, a.t. 18°C); PArRANA: Guaratuba
(Fonozoo 6317, rec. AK, a.t. 24°C).

Physalaemus marmoratus. Brazil: MiNnas Gerals: Uberldndia (one undeposited file, rec. AAG, a.t. 21.5°C, w.t. 23.5°C);
Jeceaba (two undeposited files, rec. PPGT); SAo PauLo: Botucatu (FNJV 0031826, rec. WCAB, a.t. 21°C): Lageado
(FNJV 0004584, rec. IS); Luis Anténio: Fazenda Santa Helena (FNJV 0004590-93, rec. AJC); SANTA CATARINA: Aragatuba
(FNJV 0004585, rec. IS); Mato Grosso: Cdceres: Baia da Caicara (FNJV 0004586, rec. AJC); Baia do Sovaco (FNJV
0004587-89, rec. AJC).

Physalaemus maximus. Brazil: Minas GErals: Araponga: Parque Estadual Serra do Brigadeiro (ASEC 9898-99, rec. RR; three
undeposited files, rec. DS, used in Santana & Moura 2011, a.t. 21°C); Ouro Branco: Serra de Ouro Branco, Sitio Seu
Mariano (one undeposited file, rec. LD).

Physalaemus moreirae. Brazil: SAo PauLo: Salesopolis: Estagao Bioldgica de Boraceia (one undeposited file, rec. RH); Santo
André: Paranapiacaba (one undeposited file, rec. AAG, a.t. 21°C, w.t. 22.5°C; one undeposited file, rec. PPGT);

Physalaemus nanus. Brazil: Rio GRANDE Do SuL: Sdo Francisco de Paula (Fonozoo 5937, rec. AK, a.t. 18°C; Fonozoo 6085,
rec. AK, a.t. 21.5°C); Santa CATARINA: Treviso (FNJV 0012929, rec. LFT); Sdo José: Cubatao (FNJV 0031251, rec. AJC,
a.t. 24°C, w.t. 25°C); Floriandpolis: Naufragados (Fonozoo 6175, rec. AK, a.t. 23°C); Morro do Peri (Fonozoo 6182, rec.
AK, a.t. 21°C); Reserve UCAD (Fonozoo 6153, rec. AK, a.t. 20°C); Corrego Grande (FNJV 0031592, rec. AJC, a.t. 20°C,
w.t. 18°C); Sdo Jodo do Rio Vermelho (CFBH 050.4, rec. CFBH, a.t. 23.5°C, w.t. 22°C); Trilha do Pog¢ao (five undeposited
files, rec. MWC, a.t. 18.5 and 19.5°C); Rancho Queimado: Sitio Fernando (FNJV 0031597, rec. AJC); Urubici (FNJV
0031601, rec. AJC, a.t. 17.5°C, w.t. 16°C); Sdo Benedito: Serra do Tabuleiro (two undeposited files, rec. LD); Santo Amaro
da Imperatriz: Serra do Tabuleiro (one undeposited file, rec. LD); Ilhota: Morro da Bat (Fonozoo 6213, rec. AK, a.t.
14°C); unknown locality (one undeposited file, JP).

Physalaemus nattereri. Brazil: SAo PaurLo: Botucatu: Lageado (FNJV 0031252, rec. JP, a.t. 21.5°C, w.t. 26°C); Luis Anténio:
Fazenda Santa Helena (FNJV 0031628, rec. AJC, a.t. 23.5°C, w.t. 25°C); MaTto Grosso: Caceres (FNJV 0031253, rec.
AJC, a.t. 26°C, w.t. 29°C); Agua Boa (FNIV 0031254, rec. AJC, a.t. 27°C, w.t. 28°C); Rio Claro: Itapé (CFBH 057.3,
rec. CFBH, a.t. 24°C, w.t. 26°C); Cuiaba (FNJV 0031878, rec. WCAB, a.t. 18°C, w.t. 16.5°C); Chapada dos Guimardes
(CBUFMG 218-219, rec. PCR, a.t. 24°C); TocanTins: Formoso do Araguaia (FNJV 0031255-56, rec. AJC, a.t. 23°C, w.t.
24°C; FNJV 0031257, rec. AJC, a.t. 25°C, w.t. 26°C ); Golias (one undeposited file, rec. PGG): Pontalina: Fazenda Lagoa
Grande (CFBH 53.5, rec. CFBH, a.t. 22.5°C, w.t. 24°C); Minas Gerais: Uberldindia (one undeposited file, rec. AAG, a.t.
23.2°C, w.t. 24.3°C); unknown locality (one unnnamed file in Guia Interativo dos Anfibios Anuros do Cerrado, Campo
Rupestre & Pantanal).

Physalaemus obtectus. Brazil: Espirito SaNTO: Sooretama (FNJV 0031774, rec. WCAB, a.t. 19.5°C): Reserva Biologica de
Sooretama (four undeposited files, rec. BVSP, a.t. 23.6°C); Guagui: Fazenda Oliveira (two undeposited files, rec. BVSP).

Physalaemus olfersii. Brazil: SAo PauLo: Serra da Bocaina: Sitio do Aguinaldo (MNVOC 036.5); Socorro: Rio do Peixe (FNJV
0031259, rec. AJC, a.t. 20°C, w.t. 20°C; FNJV 003126061, rec. AJC, a.t. 22.5°C, w.t. 21°C); Sdo José do Barreiro: Parque
Nacional Serra da Bocaina: Fazenda da Barreira (FNJV 0031263, rec. AJC, a.t. 19°C, w.t. 23°C); Campo Grande (FNJV
0031811, rec. WCAB, a.t. 20°C); Atibaia (one undeposited file, rec. AAG, a.t. 19°C, w.t. 25°C); Sao Luiz de Paratinga
(two undeposited files, rec. CSC); Rio DE JANEIRO: Teresopolis (four undeposited files, rec. CSC, used in Cassini et al.
2010, a.t. 23°C).

Physalaemus orophilus. Brazil: MiNas GERrals: Catas Altas: RPPN Santuario do Caraga (MNVOC 031.8-9, rec. JP, MNVOC
031.25, rec. ACCL and MWC, a.t. 19°C; one undeposited file, rec. CSC, used in Cassini et al. 2010); ltabira: Ipoema
(three undeposited files, rec. LD); Mariana (three undeposited files, rec. CSC, used in Cassini et al. 2010).

Physalaemus riograndensis. Argentina: Provincia ENTRE Rios: Gualeguaicho (FNJV 0031281-83, rec. AJC, a.t. 21°C, w.t.
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19°C; FNJV 0031284, rec. AJC, a.t. 21°C, w.t. 18°C); Brazil: Rio GRANDE Do SuL: Guaiba (Fonozoo 5993, rec. AK, a.t.
19°C); Sao Lourengo do Sul (FNJV 0031280, rec. AJC); Osorio (FNJV 0031285, rec. AJC, a.t. 22°C, w.t. 21.6°C); El
Dorado do Sul (FNJV 0031610, rec. AJC, a.t. 19°C, w.t. 23°C; FNJV 0031640-42, rec. AJC, a.t. 19°C, w.t. 23°C; FNJV
0031643, rec. AJC, a.t. 16°C, w.t. 22°C); Torres: Arroio do Sal (Fonozoo 6025, rec. AK, a.t. 23°C); ltapeva (Fonozoo 6494,
rec. AK, a.t. 23°C); Candiota (Fonozoo 6067-68, rec. AK, a.t. 20.5°C; Fonozoo 6070, rec. AK, a.t. 20.5°C; Fonozoo 6073,
rec. AK, a.t. 14°C; Fonozoo 6079, rec. AK, a.t. 20°C); Rosario do Sul (Fonozoo 6131, rec. AK, a.t. 22.5°C); Uruguay:
Rocha (Fonozoo 6270, rec. AK, a.t. 21.5°C).

Physalaemus rupestris. Brazil: Minas Gerais: Serra do Ibitipoca (three undeposited files, rec. LBN, used in Nascimento et al.
2001, a.t. 16°C).

Physalaemus santafecinus. Argentina (two undeposited files, rec. DB, a.t. 18 and 19.8°C, w.t. 19.6 and 21.6°C).

Physalaemus signifer. Brazil: Rio DE JANEIRO: [taguat: Porto Florestal Santa Cruz (FNJV 0031273-75, rec. AJC, a.t. 23°C, w.t.
24°C; FNJV 0031276, rec. AJC, a.t. 23°C, w.t. 22°C; FNJV 0031919, rec. WCAB, a.t. 23.5°C, w.t. 23.5°C); Teresopolis
(FNJV 0032138, rec. BL, a.t. 22.5°C): Vale da Revolta (16 undeposited files, rec. MB, a.t. 19.5 to 20°C, w.t. 18.5°C); Bom
Jesus do Itabapoana: Calheiros (one undeposited file, rec. BVSP); Rio das Ostras: Reserva Biologica Unido (MNVOC
015.4, rec. JP, a.t. 24.5°C); Cachoeira de Macacu: Reserva de Guapiacu (two undeposited files, rec. LD); Niteroi: Parque
Estadual da Serra da Tiririca (four undeposited files, rec. MB, a.t. 18 to 24°C, w.t. 19°C); Duque de Caxias: Parque
Municipal daTaquara (11 undeposited files, rec. MB, a.t. 25.5 to 27°C); Angra dos Reis: Ilha Grande (five undeposited files,
rec. MB, a.t. 21 to 23.5°C, w.t. 21 and 22.5°C); Mage: Campo Escola dos Escoteiros Geraldo Hugo Nunes (15 undeposited
files, rec. MB, a.t. 19°C, w.t. 20°C); MiNas GEerals: Vigosa: Campus da Universidade Federal (FNJV 0031277-78, rec.
AJC, a.t. 25°C, w.t. 24°C; FNJV 0031279, rec. AJC, a.t. 24°C, w.t. 19°C); Bania: Canavieiras: Fazenda Santa Clara (one
undeposited file, rec. BVSP); Porto Seguro: RPPN Estacdo Vera Cruz (three unnnamed files, rec. BVSP); Prado: Parque
Nacional do Descobrimento (one undeposited file, rec. BVSP); unknown locality (one undeposited file, rec. RT).

Physalaemus soaresi. Brazil: Rio bE JANEIRO: Seropédica: Floresta Nacional Mario Xavier (FNJV 0031272, rec. AJC, a.t. 23°C,
w.t. 22°C; two undeposited file, rec. SPCS).

Physalaemus spiniger. Brazil: SAo Pauro: Iporanga: Parque Estadual Turistico de Alto Ribeira: Nucleo Ouro Grosso (FNJV
0012968-69, rec. LG, a.t. 18°C; FNJV 0013117, rec. LFT, FNJV 0013119, rec. LFT); Caraguatatuba: Loteamento Parque
Imperial (FNJV 0031570, rec. AJC, a.t. 23°C, w.t. 22.5°C; FNJV 0031571, rec. AJC, a.t. 23.5°C, w.t. 24°C); Jacupiranga
(FNJV 0031790, rec. WCAB, a.t. 20°C); Cananéia: Ilha do Cardoso (CFBH 016.3, rec. CFBH, a.t. 15.5°C); PARANA:
Guaraquegaba: Reserva Natural Salto Morato (FNJV 0013111-16, rec. TC, FNJV 0013118, rec. TC, FNJV 0013120, rec.
TC); unknown locality (one undeposited file, JP; one undeposited file in Guia Sonoro da Mata Atlantica).
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