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Abstract. The uncertain identity of Hyla x-signata Spix, 1824 has been a pervasive problem in the taxonomy of the genus
Scinax. A species supposedly distributed from northeastern Brazil northwards to Colombia and Venezuela, described in a few
lines without much information and with an accompanying figure, and its type specimen lost during World War II, combined to
produce a curious situation. Twenty-one of the 39 species of the S. ruber Clade described in the last 50 years were considered to
require a diagnosis from S. x-signatus by their authors. In most cases these had no other alternative than to gather information
about this species from indirect sources, frequently pointing out the problems associated with its uncertain identity. In this
paper, we review the taxonomic history of Hyla x-signata, designate a neotype, provide a redescription including advertisement
call and sequence data, and diagnose it from all other species of the S. ruber Clade.
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INTRODUCTION

Scinax currently includes 125 species in two
major clades, the S. catharinae and the S. ruber
Clades (species number from Frost, 2020; taxon-
omy of Scinaxini as recognized by Faivovich et al,
2018). The latter clade includes 75 species; three
in the S. uruguayus species Group (Faivovich et al.,
2005; Baldo et al,, 2019), 10 in the S. rostratus spe-
cies Group (Lima et al.,, 2005), and 62 unassigned
to any species group. These are mostly the result
of a phylogenetic analysis (Faivovich, 2002) that
rejected the monophyly of most species groups
recognized at that time for the species now in-
cluded in the S. ruber Clade. Subsequent analy-
ses (Wiens et al,, 2010; Duellman et al,, 2016) cor-
roborated that result, always with a low density
of exemplar species of the clade, and therefore
without the possibility of recognizing monophy-
letic groups of taxonomic relevance. While this sit-
uation alone requires extensive diagnoses every
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time a new species is described, the efforts are
magnified by the complicated taxonomy of these
frogs, and some confusion persists regarding the
identity of certain species. One of these is S. x-sig-
natus (Spix, 1824), a putatively widespread spe-
cies whose identity has been, for nearly 70 years, a
specter of doubt hunting the taxonomy of several
species of Scinax.

A species supposedly distributed from north-
eastern Brazil northwards to Colombia and
Venezuela, described in a few lines without much
information and with an accompanying figure,
and its type specimen lost during World War I
(Hoogmoed & Gruber, 1983; Glaw & Franzen,
2006), combined to produce a curious situation.
Twenty-one of the 39 species of the S. ruber Clade
described in the last 50 years were considered to
require a diagnosis from S. x-signatus by their au-
thors (e.g., Bokermann, 1968; Pombal et al., 1995a;
Barrio-Amorés et al,, 2004; Sturaro & Peloso, 2014;
Araujo-Vieira et al,, 2016; Acosta-Galvis, 2018). In
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most cases, these had no other alternative than to gath-
er information about this species from indirect sources,
frequently pointing out the problems associated with its
uncertain identity. In this paper, we review the taxonom-
ic history of Hyla x-signata, designate a neotype, provide
a redescription of the species, and diagnose it from all
other species of the S. ruber Clade.

MATERIAL AND METHODS
Adult morphology

Collected specimens were euthanized in 5% lido-
caine, fixed in 10% formalin, and preserved in 70% eth-
anol. The neotype specimen was deposited in the Célio
F.B. Haddad collection (CFBH - Universidade Estadual
Paulista, Rio Claro, Sdo Paulo, Brazil). Institutional abbre-
viations listed in Appendix 1 follow Sabaj (2019), com-
plemented with MHNJCH (Museu de Histéria Natural de
Jequié-Colecao Herpetoldgica, Universidade Estadual do
Sudoeste da Bahia, Jequié, Bahia, Brazil). Observations
on other species of the Scinax ruber Clade are based
on preserved specimens (see Appendix 1) supplement-
ed with information from the literature: Rivero (1961);
Bokermann (1968, 1969); Pyburn & Fouquette (1971);
Lutz (1968, 1973); Duellman (1970, 1971, 1972a, b, 1973,
1986); Fouquette & Pyburn (1972); Bokermann & Sazima
(1973); Cardoso & Sazima (1980); De la Riva (1990, 1993);
Heyer et al. (1990); Henle (1991); Duellman & Wiens (1992,
1993); Pyburn (1973, 1992, 1993); Pombal et al. (1995a);
Lescure & Marty (2000); La Marca (2004); Lima et al.
(2005); Pugliese et al. (2004, 2009); Caramaschi & Cardoso
(2006); Drummond et al. (2007); Moravec et al. (2009);
Nunes et al. (2010, 2012); Nunes & Pombal (2010, 2011);
Hoogmed & Avila-Pires (2011); Brusquetti et al. (2014);
Araujo-Vieira et al. (2015, 2016); Junca et al. (2015); Conte
et al. (2016); Ferrao et al. (2017, 2018a, b); Acosta-Galvis
(2018); Ron et al. (2018); and Baldo et al. (2019).

Measurements (in millimeters) were taken with a dig-
ital caliper, and rounded to the nearest 0.1 mm (Table 1).
Eye diameter (ED), eye-nostril distance (EN), foot length

Table 1. Measurements (in mm) of Scinax x-signatus (including the neo-
type). See Materials and methods for the abbreviations of measurements.

Females (n=3) Males (n=13)
Measurements

Range Mean = SD Range Mean =+ SD
SVL 329-447 386+5.9 345-384 36.7+1.2
HL 11.6-15.0 132+17 11.2-13.0 12206
HW 10.7-14.1 123+17 93-125 11.6+0.7
IND 1.1-33 22+11 20-25 23£0.1
10D 3.6-47 42406 3.0-3.8 33£03
ED 34-39 3.7£03 34-41 3.6£0.2
EN 3.6-52 44+08 35-42 3.8+0.2
™ 24-31 26+04 22-29 26+0.2
FL 12.7-19.7 158+3.6 125-156 145+05
I 16.6 —24.2 19.9+39 17.0-19.0 17.9+05
3FD 14-21 17403 15-21 17402
41D 13-19 1.6+03 13-18 1.5+0.1
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(FL), head length (HL), head width (HW), internarial
distance (IND), interorbital distance (IOD), snout-vent
length (SVL), tympanum diameter (TD), and tibia length
(TL) were taken following Duellman (1970); third finger
disc diameter (3FD) and fourth toe disc diameter (4TD)
follow Napoli & Caramaschi (1998).

Fingers were numbered Il to V following Fabrezi &
Alberch (1996). Webbing formula follows Savage & Heyer
(1967) as modified by Myers & Duellman (1982). Dorsal
and profile standards of snout shape follow Heyer et al.
(1990). Nuptial pad terminology is that of Luna et al.
(2018). Sex was determined by examination of second-
ary sexual characters (nuptial pads, vocal slits, and vocal
sacs) or dissections.

Muscles were studied with a Lugol solution to en-
hance contrast (Bock & Shear, 1972). We considered three
morphologies of external, subgular vocal sacs: single,
weakly bilobate, and bilobate (modified from Duellman,
1970). They correspond anatomically to three different
configurations of the subgular portion of the m. interhy-
oideus. In single vocal sacs, the m. interhyoideus does not
have a medial constriction in its posterior portion, form-
ing a uniform lobe. In weakly bilobate vocal sacs, the m.
interhyoideus has a slight medial constriction in its poste-
rior portion, forming small but continuous contralateral
lobes. In bilobate sacs, the m. interhyoideus has a conspic-
uous medial constriction in its posterior portion, forming
a discrete lobe on each side of the subgular region.

Advertisement call

The advertisement call description was based on
recordings from the neotype, and other six males from
three localities in the State of Bahia, Brazil complement-
ed with the acoustical data of two specimens (MHNJC
1014 and unvouchered) from Contendas do Sincora,
Bahia reported by Novaes & Zina (2016). Information on
call measurements, recording, voucher number, SVL, and
air temperature are shown in Table 2. Call recordings of
Scinax x-signatus produced for this study are deposited
in the Fonoteca Zooldgica (FonoZoo), Museo Nacional
de Ciencias Naturales (MNCN), Consejo Superior de
Investigaciones Cientificas (CSIC), Madrid, Spain.
Comparisons with advertisement calls of other species of
the S. ruber Clade are based on the descriptions by Leén
(1969); Pyburn & Fouquette (1971); Duellman (1972a, b,
1973, 1986); Pyburn (1973); De la Riva (1993); De la Riva
et al. (1994); Pombal et al. (1995a, b, 2011); Lescure &
Marty (2000); Bevier et al. (2008); Magrini et al. (2011);
Brusquetti et al. (2014); Pugliese et al. (2004); Carvalho
et al (2015, 2017); Mangia et al. (2017); and Ferrao et al.
(2018b).

Recordings were made with Marantz PMD660,
PMD661MKII, or Tascam DR40 digital recorders, coupled
with a Sennheiser ME66 directional microphone from a
distance of 0.5-1.0 m from the individual. Calls were re-
corded and digitized in uncompressed PCM and WAV for-
mats with a sample rate of 44.1 kHz or 48 kHz and 16-bit
encoding. Call analyses were performed with Raven Pro
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1.6 software (Bioacoustics Research Program, 2019) with
window type Hann, window and DFT size of 1,024 sam-
ples, time grid with 90% overlap. If necessary, we filtered
the frequencies above and below the bandwidth of the
call, to reduce interference from environmental sounds
(usually below 500 Hz and above 5,500 Hz).

Temporal parameters were measured from wave-
forms, whereas spectral parameters were measured
from spectrograms. We use the term “note” as defined by
Kohler et al. (2017): subunits of a call that are separated
by 100% amplitude modulation with only short intervals
between them relative to length of note.

For the calls analyzed in this study, we selected 15-32
notes from each recorded male, comprising a total of 141
notes. We delimited the selection borders (i.e., beginning
and end) of each note using the threshold of 10% of its
maximum amplitude (see Littlejohn, 2001). From each
selection we took the following Raven Pro auto measure-
ments (see Charif et al., 2010 for definitions): note dura-
tion (delta time), dominant frequency (peak frequency),
frequency 5% (freq5%), frequency 95% (freq95%), band-
width 90% (BW90%). We also measured manually the
interval between notes, note repetition rate (notes per
minute), number of pulses per note, pulse repetition rate
(pulses per second), and pulse duration (measured from
the pulse with the highest amplitude in 10 notes from
each individual using the threshold of 10% of its maxi-
mum amplitude). We did not measure the pulse duration
of the call of MZUESC 20683 due to the recording’s sub-
optimal waveform resolution.

Phylogenetic analysis

We performed a phylogenetic analysis with the sole
goal of testing the identification of all sequences in
GenBank that had been associated with Scinax x-signa-
tus in different publications (Fouquet et al,, 20074, b; Lyra
et al, 2016; Vacher et al., 2020). We included sequences
of the 16S rRNA mitochondrial gene for 28 specimens of
S. x-signatus, including the neotype, from some localities
in the Brazilian states of Bahia, Ceard, Pernambuco (in-
cluding the Island Fernando de Noronha, introduced),
and Amap4, and also from French Guiana and Martinique.
One sequence associated with S. x-signatus (KU495577;
Lyra et al., 2016) from Itabuna, Bahia, was excluded from
the analysis because the tissue sample (CFBHt 03433)
is associated with a specimen of S. argyreornatus (CFBH
2890) that belongs to the S. catharinae Clade. We also
included sequences for one related lineage to S. x-sig-
natus (S. x-signatus “Scinax_64" in Vacher et al,, 2020),
specimens of S. eurydice, S. fuscovarius, S. nasicus, S. ruber,
and S. similis — species that share some morphologically
similarities with S. x-signatus —, and S. berthae, S. cathari-
nae (S. catharinae Clade), and Sphaenorhynchus lacteus
(Sphaenorhynchini) as outgroup taxa. The dataset in-
cludes 52 terminals, of which sequences of twelve were
produced for this study; the remaining corresponds to
sequences from GenBank. See Appendix 2 for a com-
plete list of voucher specimens included in the analysis.

Araujo-Vieira, K. et al.: Neotype for Hyla x-signata

For sequences produced in this study, whole cellular
DNA was extracted from frozen and ethanol-preserved
tissues (liver or muscle) using either phenol-chloro-
form extraction methods or the Qiagen DNeasy isola-
tion kit. Primers used in PCR amplification were 16sAR
(5'-CGCCTGTTTATCAAAAACAT-3";Palumbietal, 1991)and
16sWilk2 (5'-GACCTGGATTACTCCGGTCTGA-3; Wilkinson
etal.,, 1996) or 16sBR (5-GACCTGGATTACTCCGGTCTGA-3’;
Palumbi et al, 1991). PCR amplification was carried
out in 25 pl reactions using 0.2 pl Taq (Fermentas). The
PCR protocol consisted of an initial denaturation step
of 3 minutes at 94°C, 35 cycles of 30 s at 94°C, 40 s at
48°C, and 30-60 s at 72°C, and a final extension step of
10-15 minutes at 72°C. The PCR amplified products were
cleaned with 0.5 pL of Exonuclease plus 1 L of Alkaline
Phosphatase per 20 pL of reaction. Sequencing was car-
ried out on an automatic sequencer ABI 3730XL (Applied
Biosystems) in both directions to check for potential er-
rors and polymorphisms. The chromatograms obtained
from the automated sequencer were read, contigs made
using the sequence editing software Sequencher v5.3
(Gene Codes, Ann Arbor, MI, USA), and edited the com-
plete sequences with BioEdit (Hall, 1999).

We performed a multiple sequence alignment of
the 16S rRNA fragments employing MAFFT v.7 (Katoh
& Standley, 2013; default parameters). For the parsimo-
ny analysis, we employed TNT v1.5 Willi Hennig Society
Edition (Goloboff et al., 2008; Goloboff & Catalano, 2016;
equal costs for all transformations, gaps treated as fifth
state). The shortest trees were found using the option
“Traditional Search” performing a large number of ran-
dom addition sequences (RAS, usually 300-500), retain-
ing five trees per replicate, and then submitting them to
a round of tree bisection and reconnection (TBR) branch
swapping. All searches were done under the collapsing
option “minimum length’, which collapses every node
whose minimum length is 0. Parsimony jackknife abso-
lute frequencies (Farris et al,, 1996) were calculated in TNT
v1.5 using traditional search requesting 100 RAS+TBR,
retaining five trees per replicate for a total of 1,000 rep-
licates. Trees were edited with FigTree v1.4.3 (Rambaut,
2016). Uncorrected pairwise distances were calculated
in PAUP* (Swofford, 2002) for specimens of S. x-signatus
and the related lineage S. x-signatus “Scinax_64". Most
vouchers specimens of S. x-signatus were studied to
corroborate their specific identity; exceptions were the
specimens from sequences produced by Fouquet et al.
(20074, b) and Vacher et al. (2020) that were not available
for examination (see Appendix 2).

RESULTS
Historical resume

Hyla x-signata was illustrated and briefly described
by Spix (1824), based on a single specimen collected
in “Provincia Bahiae” (part of the current State of Bahia,
east of the Rio Sao Francisco, Brazil; see Vanzolini, 1981).
The first reference to H. x-signata after the original de-
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scription was by Wagler (1830). In a footnote to the de-
scription of the genus Enydrobius, a replacement name
for Hylodes Fitzinger, 1826 (currently considered a syn-
onym of Hylodes), Wagler (1830) stated that H. x-signata
was very similar to the two species included in this ge-
nus. Duméril & Bibron (1841) considered H. x-signata to
be a synonym of H. rubra Daudin, 1802 (which is H. ru-
bra Laurenti, 1768: 35; see Ledn, 1969 and Duellman &
Wiens, 1993). They based this conclusion on the variation
in dorsal pattern observed in specimens identified as the
latter species; some of them showed the two X-shaped
marks, which they associated with the pattern described
and illustrated by Spix (1824). This position was followed
by Burmeister (1856) and Glinther (1858). Cope (1870),
instead, included H. x-signata in the genus Scytopis Cope,
1862 (currently a synonym of Trachycephalus Duellman,
1971; Faivovich et al., 2005).

However, Peters (1872) was the only herpetologist to
explicitly report on the type specimen of Hyla x-signata.
He stated that it was similar with H. rubra, but differed
in the marbled reticulation of the anterior and posterior
surfaces of thighs and the presence of granules on the
dorsum, considering it a variety, H. rubra var. x-signata.
Cope (1874) still considered H. x-signata as a valid spe-
cies of Scytopis, distinct from H. rubra. Boulenger (1882)
treated H. x-signata as a synonym of H. rubra and de-
scribed the dorsal pattern with X-shaped marks as one
of the two commonly occurring patterns in this species.
Subsequently, the references in the literature to H. x-sig-
nata are scarce, including it as a synonym of H. rubra (e.g.,
Berg, 1896; Nieden, 1923), a variety (Baumann, 1912), or
a subspecies (Miiller, 1927) of the latter, or a related form
of uncertain status (Lutz, 1951).

The uncertainties regarding the taxonomic status
of Hyla x-signata were only magnified by the fact that
the collection of the Zoologisches Staatssammlung
Minchen, Germany, which housed most types of Spix,
was partially destroyed during a bombing in World War Il.
While many type specimens are still extant, the holotype
of H. x-signata (ZSM 2494/0) has long been considered
lost (Hoogmoed & Gruber, 1983; Glaw & Franzen, 2006).

Cochran (1952, 1955) considered Hyla x-signata as a
valid species that she thought closely related with the
then H. similis and H. fuscovaria, stating the need to study
fresh material. Gallardo (1961) and Bokermann (1966)
also considered H. x-signata as a valid species. Rivero
(1961) stated that he preferred not to associate speci-
mens of H. rubra from Venezuela to its described subspe-
cies - listing H. rubra var. x-signata, among others — until
the species is better studied. Rivero (1969) discussed the
status of H. rubra and H. x-signata, comparing specimens
mostly from Venezuela, and considered them as different
species, while Cochran & Goin (1970) considered H. x-sig-
nata as a synonym of H. rubra. From this point on, multi-
ple authors referred to the occurrence of Scinax x-signata
in Colombia, Venezuela, and the Guianas (Ledn-Ochoa,
1975; Hoogmoed, 1979; Hoogmoed & Gorzula, 1979;
Rivero-Blanco & Dixon, 1979; Rada de Martinez, 1981;
Ramo & Busto, 1990; Barrio-Amords, 1998; Gorzula &
Senaris, 1998; Barrio-Amords et al., 2004, 2011, 2019;
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Tarano, 2010; Ugueto & Rivas-Fuenmayor, 2010; Sudrez
& Lynch, 2011; Sedaris et al,, 2014; Acosta-Galvis, 2018).
However, some of them expressed concerns of whether
the name was being correctly applied (Lescure & Marty,
2000; Ouboter & Jairam, 2012; Cole et al., 2013; Barrio-
Amoros et al, 2011, 2019), arguing that several species
were currently associated with that name at least in
Venezuela (Barrio-Amords etal.,, 2011, 2019).

Lutz (1973) recognized Hyla x-signata as a valid spe-
cies and provided an extensive characterization based
on multiple specimens from several localities in Brazil.
Furthermore, she considered several species recognized
at that time (H. nasica Cope, 1862; H. similis Cochran,
1952; H. eringiophila Gallardo, 1961; and H. camposseabrai
Bokermann, 1968) as subspecies of H. x-signata. With dif-
ferent taxonomic trajectories (not relevant here), all these
subspecies eventually were returned to species status
(Fouquette & Delahoussaye, 1977; Langone & Cardoso,
1997; Caramaschi & Cardoso, 2006).

Pombal et al. (1995a) noticed that the lost holotype
of Scinax x-signatus, the original description, and subse-
quent descriptions (Rivero, 1969; Lutz, 1973; Heyer et al,
1990) precluded a correct identification of this species.
For that reason, they excluded it from their diagnosis
of the new species from southeastern Brazil that they
described (S. perereca). Subsequent papers adopted
a similar position (Pombal et al., 1995b; Pugliese et al,
2004, 2009; Drummond et al., 2007; Nunes & Pombal,
2010, 2011; Nunes et al., 2010). Some authors extracted
information from the illustration included in the orig-
inal description (e.g, Nunes et al, 2012; Ferrdo et al.,
2017; Sturaro & Peloso, 2014) or the account provided
by Lutz (1973) for Brazilian populations that she asso-
ciated with that name (Junca et al, 2015; Araujo-Vieira
et al, 2016; Conte et al.,, 2016). Other authors compared
collection specimens identified as S. x-signatus without
further comment (Barrio-Amords et al.,, 2004; Caramaschi
& Cardoso, 2006; Ferréo et al, 2018a, b; Acosta-Galvis,
2018). Considering the limitations imposed by the un-
certain identity of S. x-signatus, some authors stated the
need of having a neotype designated (Pugliese et al.,
2009; Sturaro & Peloso, 2014; Araujo-Vieira et al., 2015;
Sichieri etal,, 2019).

A neotype for Hyla x-signata

The need to designate a neotype for Hyla x-signata
is well justified because it will clarify the status of this
species, and of the several species to which the name
has been applied throughout its wide distribution. The
International Code of Zoological Nomenclature (ICZN,
1999) establishes (art. 75.1) that a neotype can be des-
ignated “when no name-bearing type specimen (...)
is believed to be extant and an author considers that a
name-bearing type is necessary to define the nominal
taxon objectively.” Qualifying conditions established by
the ICZN (1999) when describing a neotype include “the
author’s reasons for believing the name-bearing type
specimen (s)... to be lost or destroyed, and the steps that
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had been taken to trace it...” (art. 75.3.4); the existence
of “evidence that the neotype is consistent with what is
known of the former name-bearing type from the orig-
inal description and from other sources...” (art. 75.3.5);
and “evidence that the neotype came as nearly as practi-
cable from the original type locality...” (art. 75.3.6).

As for the first qualifying condition, Lutz (1973)
commented that the holotype of Hyla x-signata was
lost, considering it destroyed during World War I, as
did Duellman (1977). This fact was corroborated by
Hoogmoed & Gruber (1983) on their thorough study on
the status of Spix’s types, and more recently, by Glaw
& Franzen (2006). A recent inquire to the Zoologischer
Staatssamlung Miinchen corroborated that the holotype
is still considered lost (Frank Glaw, pers. comm.).

As for the second qualifying condition, the available,
direct evidence on the holotype of Hyla x-signata stems
from the original description and figure by Spix (1824),
and the comments on the type specimen by Peters
(1872). The description of H. x-signata by Spix (1824) is
not particularly informative, except for a reference to two
X-shaped marks on the dorsum (“..dorsum maculis binis
x-formibus signatum...”), and a curious mention of “digiti
ranaeformes” Otherwise, it is similar in terms of the mor-
phological description to other hylids described in the
same book [e.g., H. nebulosa (currently Scinax nebulosus)
and H. strigilata (currently S. strigilatus; see Pimenta et al.,
2007)]. The figure (here reproduced as Fig. 1), however,
clearly depicts the typical dorsal pattern showing a pair
of inverted parentheses on the dorsum, that occurs in

Figure 1. Specimen of Hyla x-signata figured and described by Spix (1824:
plate XI, fig. 3). Note that the reproduced figure is from the 1839 reprint of the
Ranarum section alone, housed in the MACN central library. The illustrations
of the reprints were printed from the same metal plates of the first edition
(Adler, 1981). There are some differences in the coloring of the figures among
editions, and the one reproduced here has some subtle differences in the
flanks and sides of the head. Please refer to the digital version of the 1824
edition in Biodiversity Heritage Library (https://www.biodiversitylibrary.org/
item/21828#page/119/mode/1up).
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several species of Scinax (such as S. camposseabrai, S. eu-
rydice, S. fuscovarius, S. granulatus, S. nasicus, some spec-
imens of S. similis, and the populations that have been
associated with S. x-signatus, from NE Brazil to Colombia).

If the description by Spix (1824) had some ambigu-
ous reference, such as the raniform digits, the comments
by Peters (1872) on the type specimen should dispel any
doubt of its similarity with Hyla rubra, or at least with
hylids that could be confused with that species. Peters
(1872) stated that the type specimen is overall compara-
ble with H. rubra, from which it differs by the reticulated
pattern on the hidden surfaces of the thigh, and the oc-
currence of granules on the dorsum. He compared the
type specimen with two specimens from the surround-
ings of Rio de Janeiro (ZMB 5922) that unfortunately
could not be located in the Berlin Museum collection
(Frank Tillack, pers. comm., 24 July 2020).

The comments by Wagler (1830), Mdller (1927), and
Cochran (1952, 1955) on Hyla x-signata are considered as
indirect evidence since, although the first two very likely
had contact with the type specimen, they made no di-
rect reference to it. Wagler (1830) referred to H. x-signata
in a footnote to the description of the genus Enydrobius,
a replacement name for Hylodes Fitzinger, 1826. He stat-
ed that Hyla x-signata was very similar to the two species
included in this genus [H. ranoides Spix, 1824 (a synonym
of H. nasus Lichtenstein, 1823; currently Hylodes nasus)
and Hyla abreviatta Spix, 1824 (a synonym of Rana bino-
tata Spix, 1824; currently Haddadus binotatus)], a com-
ment that is certainly confusing. It could be assumed that
Wagler had direct knowledge of the type specimen of
Hyla x-signata given his involvement in the study of the
collection amassed by Spix during his travels (Vanzolini,
1981). However, it is noticeable that Peters (1872), when
studying the types of Hylodes ranoides and Rana binota-
ta made no reference to Wagler's comment (1830) nor
Hyla x-signata, that in the same paper he associated with
H. rubra a few pages ahead.

Lorenz Miller (1868-1953) was in charge of the her-
petological collection of the Zoologischer Staatssamlung
Muinchen. Although Miller (1927) did not explicitly state
that his conclusion that Hyla x-signata is a subspecies of
H. rubra was based on the type specimen of the former
species, it is likely so (as also assumed by Hoogmoed &
Gruber, 1983). Doris M. Cochran (1898-1968) visited ZSM
in October 1938 (Heyer in Hoogmoed & Gruber, 1983),
where she studied some of Spix’s types. Unlike other
cases (e.g., H. strigilata), Cochran (1952, 1955) did not list
the type specimen in the list of specimens examined fol-
lowing the only mention of that species in her study —in
the account of H. similis. This absence could indicate that
she did not see the type specimen or that she did not
consider this species to occur in the area of her study of
1955 (the Brazilian states of Minas Gerais, Rio de Janeiro,
and Sao Paulo). In any case, she stated that H. x-signa-
ta was “apparently nearest to [Hyla] similis, after [Hyla]
fuscovaria, but fresh Bahian material is needed before an
exact comparison can be made.” As a synthesis, with the
exception of the statements by Wagler (1830) that we
consider to be implicitly contested by Peters (1872), all
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the available evidence indicates that the type specimen
of H. x-signata corresponded to a hylid similar to Scinax
ruber and other species of Scinax, and it had a dorsal pat-
tern with two pairs of inverted parentheses, the typical
X-shaped markings.

Regarding the third qualifying condition, Spix (1824)
stated the type locality as “Provincia Bahiae’] an expres-
sion that, according to Vanzolini (1981), refers to the an-
cient limits of the State of Bahia, which correspond to the
current limits, east of the river Sdo Francisco. The itiner-
ary followed by Spix and Martius in Bahia is well known
(Papavero, 1971; Vanzolini, 1981), having entered the
limits of that province from the west, and covered several
localities from Malhada to Salvador (e.g., Caetité, Rio de
Contas, Maracas, Santa Teresinha, Sdo Félix, Salvador), and
[lhéus and surrounding localities (e.g., Camamu, Itabuna,
Itacaré). We designate a neotype for Hyla x-signata collect-
ed in Ilhéus. Furthermore, we have specimens of the same
species collected in some other localities visited by Spix.

Scinax x-signatus (Spix, 1824)

Hyla x-signata Spix, 1824.

Hyla affinis Spix, 1824 — Considered a synonym of Hyla
x-signata by Hoogmoed & Gruber (1983). Sturaro &
Peloso (2014) questioned this association based on
the description and figure provided by Spix (1824).
Our study of photographs of the holotype (ZSM
2945) indicates that the situation is uncertain. Only a
study of the taxonomy of amazonian populations as-
sociated with Scinax x-signatus would allow to clarify
the status of this nomen.

Hyla coerulea Spix, 1824 — Considered a synonym of Hyla
x-signata by Hoogmoed & Gruber (1983). Sturaro &
Peloso (2014) questioned this association based on
the description and figure provided by Spix (1824).
Our study of photographs of the lectotype designat-
ed by Hoogmoed & Gruber (1983) (ZSM 2710-0-1) in-
dicates that the situation is uncertain. Only a study of
the taxonomy of amazonian populations associated
with Scinax x-signatus would allow to clarify the sta-
tus of this nomen.

Hyla rubra Daudin, 1802 (part) - Duméril & Bibron, 1841.
First treatment as a synonym of Hyla rubra Laurenti,
1768 (not Daudin, 1802; see Ledn, 1969; Rivero, 1969;
Duellman & Wiens, 1993).

Scytopis xsignatus [sic] - Cope, 1870. First combination
with Scytopis Cope, 1862.

Hyla rubra var. x-signata — Peters 1872. First treatment as
a variety of Hyla rubra Laurenti.

Hyla rubra x-signata — Miller, 1927. First treatment as a
subspecies of Hyla rubra Laurenti, 1768.

Hyla x-signata x-signata — Lutz, 1973. First use as nominal
subspecies.

Ololygon x-signata — Fouquette & Delahoussaye, 1977.
First combination with Ololygon Fitzinger, 1843.

Scinax x-signata — Duellman & Wiens, 1992. First combi-
nation with Scinax Wagler, 1830.

Scinaxx-signatus — Kohler & Bohme, 1996. Gender change.
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Neotype

CFBH 44688, adult male, campus of the Universidade
Estadual de Santa Cruz - UESC, Salobrinho, Ilhéus,
State of Bahia, Brazil [39°10'24"W, 14°47'52"S; about
30 m above sea level (as.l)], collected 10 April
2018 by G. Novaes-e-Fagundes. urn:lsid:zoobank.
org:act:F357D8CC-446B-4F2C-9B53-190AFEEFD533

Referred specimens

Fifteen adults (12 males and three females) from eight
localities in the State of Bahia, Brazil. CFBH 21071 (male),
Povoado Senote, Caetité (42°28'48"W, 14°04'55"S);
MHNJCH 1014 (male), Floresta Nacional Contendas
do Sincora, Contendas do Sincord (41°07'04"W,
13°55'20"S); MZUESC 20683 (male), Condominio
Parque Universitario, Salobrinho, Ilhéus (39°10'43"W,
14°47'44"S); CFBH 44687 (male), Fazenda Lagoa Nova,
Irajuba (39°59'57"W, 13°12'19"S); CFBH 18797 (male),
Fazendas Santo Onofre and Cana Brava, Maracas (approx.
40°25'23.58"W, 13°23'29.30"S); MHNJCH 1701 (male),
near Fazendas Santo Onofre and Cana Brava, Maracas
(40°26'26.23"W, 13°21'59.10"S); MHNJCH 1698-1700
(males), Assentamento do Cumbe, Maracas (40°27'38"W,
13°26'40"S); MZUESC 14890, 14893 (males), and 14891
(female), Companhia de Pesquisa de Recursos Minerais
- CPRM, Morro do Chapéu (41°09'28"W, 11°32'56"S or
41°06'26"W, 11°29'34"S); MZUESC 15894 and 17503
(females), Praca Municipal, Potiragua (39°57'30"W,
15°37'07"S); and UFMG 4787 (male), Route Sebastidao
Laranjeiras-Candiba, Sebastido Laranjeiras (approx.
42°56'21.34"W, 14°33'13.74"S).

Diagnosis (based on neotype and referred specimens)

Scinax x-signatus is a species of Scinax, as it shares
three synapomorphies of this genus: webbing between
toes | and Il that does not extend beyond the subarticular
tubercle of toe |; origin of the m. pectoralis abdominalis
through well-defined tendons; and m. pectoralis abdom-
inalis overlapping m. obliquus externus (da Silva, 1998;
Faivovich, 2002; Faivovich et al,, 2005). A single synapo-
morphy is known for the S. ruber Clade: tadpoles with the
vent tube above the margin of the lower fin (Faivovich,
2002; Faivovich et al, 2005). While tadpoles unequiv-
ocally associated to S. x-signatus remain unknown, this
species was associated to the S. ruber Clade by having
the unique combination of external vocal sac and pres-
ence of pectoral fold [internal vocal sac and pectoral fold
absent in most species of the S. catharinae Clade; in few
species where the vocal sac is external, the pectoral fold
is absent (e.g., S. garibaldiae, S. rizibilis); otherwise, in the
two cases where the pectoral fold is present, the vocal
sacisinternal (S. agilis and S. melanodactylus); J. Faivovich
& K. Araujo-Vieira, pers. obs.; see also Bokermann, 1964;
Cruz & Peixoto, 1982; Faivovich, 2002; Lourenco et al.,
2014, 2019].

Scinax x-signatus can be differentiated from all other
species of the S. ruber Clade by the combination of the
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following characters: (1) male SVL 34.5-38.4 mm, n = 13;
(2) snout rounded in dorsal view and profile; (3) point-
ed tubercles on lower jaw absent; (4) vocal sac subgular,
weakly bilobate; (5) spicule-shaped papillary epidermal
projections on the nuptial pads and pectoral region
present in males; (6) pectoral glands present in males;
(7) dorsal color pattern with large irregular dark blotches,
commonly with dark X-shaped mark composed of one
or two pairs of inverted parenthesis-like blotches; (8) hid-
den surfaces of thighs dark with irregular pale blotches,
yellow in living specimens; (9) iris yellowish golden or
bronze with a median black streak; (10) physiological
chlorosis absent; and (11) advertisement call composed
of a single, multipulsed note, 0.11-0.25 s duration, 6-14
pulses/note, 52-64 pulses/s.

Comparisons with other species of Scinax ruber Clade

The SVL in males of Scinax x-signatus (34.5-38.4 mm,
n = 13) distinguishes it from the larger species S. castro-
viejoi and S. eurydice (SVL males 44.0-52.0 mm; De la Riva,
1993; Bokermann, 1968), and from the smaller species
S. altae, S. auratus, S. cabralensis, S. caldarum, S. cruen-
tomma, S. danae, S. exiguus, S. fuscomarginatus, S. jun-
cae, S. karenanneae, S. lindsayi, S. madeirae, S. maracaya,
S. ruberoculatus, S. rupestris, S. staufferi, S. strussmannae,
S. tymbamirim, S. villasboasi, and S. wandae (SVL males
15.7-29.0 mm; Lutz, 1968, 1973; Duellman, 1970, 1986;
Pyburn & Fouquette, 1971; Cardoso & Sazima, 1980;
Duellman &Wiens, 1993; Pyburn, 1992, 1993; Drummond
et al, 2007; Nunes & Pombal, 2010, 2011; Nunes et al.,
2012; Brusquetti et al, 2014; Araujo-Vieira et al, 2015;
Ferrdo etal, 2018a, b).

The snout rounded in dorsal view and profile differ-
entiates Scinax x-signatus from S. alter, S. auratus, S. cre-
tatus, S. crospedospilus, S. imbegue, S. juncae, and S. tym-
bamirim (sub-elliptical with a pointed tip in dorsal view
and slightly acute in profile), S. fuscovarius (roundly acute
in dorsal view and protruding in profile), S. caldarum,
S. curicica, S. duartei, S. maracaya, S. rossaferesae, and
S. tigrinus (sub-elliptical or subovoid in dorsal view and
slightly acute in profile), S. squalirostris (pointed in dorsal
view and acute in profile), and species of the S. rostratus
group (elongate pointed in dorsal view and acute with or
without a fleshy proboscis in profile). Furthermore, the
absence of pointed tubercles on the lower jaw differenti-
ates S. x-signatus from almost all species of the S. rostra-
tus Group; exceptions are S. kennedyi and S. rostratus (e.g.,
Duellman, 1972a, 1973; Pyburn, 1973; Lescure & Marty,
2000; Lima et al., 2005; this study).

The presence of a weakly bilobate subgular vocal sac in
Scinax x-signatus distinguishes it from S. camposseabrai (bi-
lobate subgular vocal sac; see also Caramaschi & Cardoso,
2006: fig. 1) and from the remaining species of the S. ruber
Clade with single subgular vocal sac; exceptions are S. acum-
inatus, S. dolloi, S. funereus, S. fuscovarius, S. hayii, S. karenan-
neae, S. montivagus, S. onca, S. oreites, S. pachycrus, S. perere-
ca, S. ruberoculatus, and S. tsachila, that have a weakly bilo-
bate subgular vocal sac (e.g.,, Cei, 1980; Duellman & Wiens,
1993; Pyburn, 1993; Ferrdo et al,, 2017, 20183; this study).
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The presence of spicule-shaped papillary epider-
mal projections on the nuptial pad and pectoral region
in males differentiates Scinax x-signatus from all other
species of the S. ruber Clade, except for S. fuscovarius
(see also Luna et al,, 2018: fig. 10A, C). The presence of
pectoral glands in males differentiates S. x-signatus from
most species of the S. ruber Clade, except for S. funereus,
S.fuscovarius, S. nasicus, S. onca, and S. similis, and species
of the S. uruguayus Group (e.g., Miller & Hellmich, 1936;
Lutz, 1973; Cei, 1980; this study).

The dorsal pattern with large irregular dark blotches,
commonly with dark X-shaped marks composed of one
or two pairs of inverted parenthesis-like blotches, distin-
guishes Scinax x-signatus from S. altae, S. alter, S. auratus,
S. boesemani, S. caldarum, S. cretatus, S. crospedospilus,
S. curicica, S. cuspidatus, S. duartei, S. exiguus, S. fusco-
marginatus, S. imbegue, S. juncae, S. madeirae, S. oreites,
S. pachycrus, S. quinquefasciatus, S. ruber, S. squalirostris,
S. staufferi, S. tsachila, S. tymbamirim, and S. villasboa-
si (variable number of dorsal and/or lateral stripes; e.g.,
Duellman, 1970; Lutz, 1973; Duellman & Wiens, 1993;
Pugliese et al, 2004; Nunes et al,, 2012; Brusquetti et al.,
2014; Ron et al., 2018; this study), and S. blairi, S. cabral-
ensis, S. chiquitanus, S. danae, S. iquitorum, S. lindsayi,
S. maracaya, and S. strussmannae (scattered or homoge-
neously distributed spots and/or irregular blotches; e.g.,
Fouquette & Pyburn, 1972; Cardoso & Sazima, 1980; De
la Riva, 1990; Drummond et al., 2007; Ferrao et al., 2018b;
this study).

The hidden surfaces of thighs dark colored with
light irregular pale blotches, yellow in living specimens
differentiate Scinax x-signatus from S. altae, S. auratus,
S. baumgardneri, S. boesemani, S. cretatus, S. crospedospi-
lus, S. cruentomma, S. cuspidatus, S. danae, S. elaeochroa,
S. exiguus, S. fuscomarginatus, S. ictericus, S. iquitorum,
S. madeirae, S. manriquei, S. pachycrus, S. ruberoculatus,
S. staufferi, S. strussmannae, S. squalirostris, S. tsachila,
S.villasboasi, S. wandae, and species of the S. uruguayus
Group (hidden surfaces of thighs uniform, light or dark
colored; e.g., Rivero, 1961; Duellman, 1970, 1986; Lutz,
1973; De la Riva, 1990; Duellman & Wiens, 1993; Barrio-
Amorés et al,, 2004; Nunes & Pombal, 2011; Brusquetti
et al., 2014; Ferrdo et al.,, 2018a, b; Ron et al, 2018; Baldo
et al, 2019; this study), S. funereus, S. onca, and S. iquito-
rum (hidden surfaces of thighs with horizontal or irreg-
ular dark blotches; Duellman, 1971; Ferrado et al, 2017;
Moravec et al., 2009; this study), and from species of the
S. rostratus Group (hidden surfaces of thighs uniform
light or marked with bold dark and light mottling or
broad vertical bars; Duellman, 1972a, 1973; Henle, 1991;
Lescure & Marty, 2000; Lima et al., 2005; this study).

The yellowish golden or bronze iris, with a median
black streak, distinguishes Scinax x-signatus from S. cru-
entomma (silvery bronze iris, with a median red streak;
Duellman et al,, 1972b), S. ruberoculatus (bicolored, red-
dish upper half and grey lower half; Ferrao et al., 2018a),
and species of the S. uruguayus Group (bicolored, gold-
en upper half and dark brown to black lower half; Baldo
et al, 2019). The absence of physiological chlorosis in
S. x-signatus distinguishes it from S. boesemani, S. caprar-
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ius, S. cruentomma, S. cuspidatus, S. elaeochroa, S. funere-
us, S. ictericus, S. iquitorum, S. karenanneae, S. manriquei,
S.onca, S. strussmannae, and S. tsachila (present in these
species; Ledn, 1969; Lutz, 1973; Pyburn, 1993; La Marca,
2004; Moravec et al., 2009; Cole et al., 2013; Melo-Sampaio
& Souza, 2015; Ferrao et al,, 2017, 2018b; Acosta-Galvis,
2018; Ron et al., 2018; Taboada et al., 2020).

The advertisement call composed of a single multi-
pulsed short note (0.11-0.25 s), with 6-14 pulses/note,
and pulse rate of 52-64 pulses/s differentiates Scinax
x-signatus from S. castroviejoi and S. eurydice (two or
three multipulsed notes; De la Riva, 1993; De laRiva et al.,
1994; Pombal et al,, 1995a; Magrini et al.,, 2011; Mangia
etal, 2017), S. alter, S. curicica, and S. perereca (note du-
ration 0.28-4.5 s and 21-152 pulses/note; Pombal et al,,
19953, b; Pugliese et al., 2004), S. cruentomma, S. fusco-
marginatus, and S. strussmannae (17-90 pulses/note
and 113-272 pulses/s; De la Riva et al., 1994; Duellman,
1972b; Brusquetti et al., 2014; Carvalho etal., 2015; Ferrao
et al, 2018b), S. exiguus (23-90 pulses/note; Carvalho
et al, 2017), S. madeirae (note duration 0.72-1.16 s and
104-145 pulses/s; Brusquetti et al, 2014), S. staufferi
(100-130 pulses/s; Ledn, 1969), S. wandae (note duration
0.44-0.69 s and 70-108 pulses/note; Pyburn & Fouquette,
1971; Duellman, 1986; Pombal et al, 2011), and from
some large species of the S. rostratus Group: S. bou-
lengeri and S. proboscideus (80-230 pulses/s; Ledn, 1969;
Duellman, 1972a), S. jolyi (note duration 2.5 s and 180
pulses/note; Lescure & Marty, 2000), S. kennedyi (note du-
ration 0.66-2.9 s; Pyburn, 1973), and S. sugillatus (note du-
ration 0.28-0.60 s and 110-140 pulses/s; Duellman, 1973).

Description of the neotype

Head as wide as long, HL 35.1% and HW 33.2% of SVL
(Fig. 2). Snout rounded in dorsal view and profile, with a
low protuberance on the tip (Fig. 3A, B). Nostrils dorso-
lateral, elliptical, protruded; IND 39.7% of I0OD. Canthus
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rostralis marked, convex. Loreal region slightly concave.
Eyes large, protuberant, ED 94.7% of IOD and 92.3% of
END. Pupil horizontal, subelliptical. Tympanum round-
ed, separated from eye by a distance almost half TD;
TD 75.0% of ED. Tympanic annulus rounded, with the
posterior upper portion hidden by the supratympan-
ic fold. Supratympanic fold evident, from the posterior
upper portion of the tympanum to the insertion of the
forearm. Vocal sac subgular, weakly bilobate, externally
evident by the loose skin, not occupying space between
head and body, and ventrally not reaching the pectoral
fold (Fig. 2B). Pectoral fold present, with pre- and postax-
illar elements. Vocal slits present, nearly parallel to the
mandible, originating laterally to the tongue and run-
ning towards the corner of the mouth. Tongue ovoid,
free laterally and posteriorly, slightly notched posteriorly.
Vomerine teeth in two slightly separated convex series,
bearing five (right) and four (left) teeth. Choanae oval.

Axillary membrane absent. Upper arm more slender
than forearm. A series of small, flat, ulnar tubercles on
the forearm. Fingers short and slender, fringed (Fig. 3C).
Relative finger length IlI<lll=V<IV. Discs elliptical, wid-
er than long, 3FD 59.2% of TD; disc of Finger Il smaller
than others. Subarticular tubercles single, conical on fin-
gers Il and llI; rounded and quadrangular on fingers IV
and V. Supernumerary tubercles small, single, rounded.
Inner metacarpal tubercle single, elliptical; outer meta-
carpal tubercle flat, nearly triangular, bilobate. Webbing
absent between fingers Il and lll; basal between fingers
I, IV, and V. Slightly thickened, light-colored nuptial
pad, covering Metacarpal Il dorsomedially, and ventrally
extending from the base of inner metacarpal tubercle,
obscuring its outer margin, to the subarticular tubercle
(Fig. 4A, B). Glandular acini on inner margin of fingers
II-1ll; on Finger Il from the distal margin of nuptial pad to
the disc. Spicule-shaped papillary epidermal projections
on the nuptial pad, margins of fingers lI-lll (Fig. 4A, B),
and dorsum of fingers II-V.

Figure 2. Neotype of Scinax x-signatus (CFBH 44688, male). (A) Dorsal view. (B) Ventral view. Scale bar = 10 mm.
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Figure 3. Neotype of Scinax x-signatus (CFBH 44688, male). (A) Head, profile. (B) Head, dorsal view. (C) Right hand, ventral view. (D) Right foot, ventral view.
Scale bars =2 mm.
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Figure 4. Neotype of Scinax x-signatus (CFBH 44688, male). Nuptial pad of the right hand. (A) Dorsal view. (B) Ventral view. Scale bars = 1 mm.

Hindlimbs robust; TL 49.0% of SVL, FL 39.8% of
SVL. Toes slender, fringed (Fig. 3D). Relative toe length
I<lIlll=V<IV. Discs elliptical, wider than long, slightly
smaller than discs of fingers, 4TD = 3FD. Subarticular
tubercles single, conical, rounded; supernumerary tu-
bercles small, single, rounded. Inner metatarsal tubercle
single, elliptical; outer metatarsal tubercle single, slightly
marked, two thirds smaller than inner tubercle. Webbing
formula 1 2-2* 11 174-2* 111 1-2'2 IV 2*-1 V. Fringe on lateral
margin of Toe V extends along the margin of the sole by
a poorly developed ridge that reaches the distal portion
of the metatarsus. Ventrolateral margin of tarsus smooth;
heel slightly granular.

Cloacal opening directed posteriorly at upper level of
thighs. Skin on dorsum of head, upper eyelid, trunk, and
limbs smooth, with scattered granules. Posterior corner
of eyes, around tympanum and forearm insertion, su-
pratympanic fold, and flanks granular. Vocal sac, hidden
surfaces of limbs, and inguinal region smooth; other ven-
tral surfaces and subcloacal area densely covered with
rounded, flat granules. Pectoral region and inner margin
of upper- and forelimbs with glandular acini, covered
with spicule-shaped papillary epidermal projections.

Measurements (mm): SVL 36.7; HL 12.9; HW 12.2;
IND 2.5; 10D 3.8; ED 3.6; END 3.9; TD 2.7; FL 14.6; TL 18.0;
3FD 1.6;4TD 1.6.

Coloration in life: The description is based on the fresh-
ly euthanized specimen (Fig. 5). Dorsal color dark brown,
with two pairs of large, irregular, black blotches on the
suprascapular and sacral regions, and scattered, small,
round or irregular, light blotches; interocular region with
an inverted triangle-shaped, black marking (Fig. 5A).
Upper lip light with diffuse brown blotches anteriorly,
and a white stripe on the infraorbital region extending to
posterior margin of the tympanum. Loreal region brown
with small, irregular, black dots; dark brown canthal line.
Post-orbital dark brown line from anterior corner of the
eyes, upper margin of tympanum, to the middle of the

flanks. Flanks light with irregular, dark brown blotches.
Dorsal surfaces of discs, fingers, toes, forearms, and tar-
sus brownish gray with transverse, brown bars; upper
arms uniform; shanks and thighs with large dark brown
blotches. Toe webbing covered by brown melanophores.
Iris grayish bronze with thin black reticulations, thin yel-
low halo bordering the pupil, and a median black streak.

Soles and palms light brown; glandular pectoral re-
gion yellowish white; other ventral areas creamy white,
immaculate, but margins of gular region, around forearm
insertion and knees, tarsus, and shanks finely spotted
with brown (Fig. 5B). Inguinal region yellow, with irreg-
ular dark blotches. Hidden surfaces of thighs and shanks
brown, with small to medium-size, rounded or irregular
yellow blotches (Fig. 5C). White bones.

Coloration in preservative: Paler than in the fresh spec-
imen.The coloration on the glandular pectoral region, in-
guinal region, and hidden surfaces of thighs and shanks
faded to light beige or cream white.

Variation

See Table 1 for measurements of the available speci-
mens. Vomerine teeth vary from 5 to 8. In some individ-
uals, the medial constriction of the vocal sac is barely
evident externally. Snout rounded in dorsal view and
profile, with or without a low protuberance on the tip.
Toe webbing formula varies as follows: | (2*-27) - (2'2-27)
1(12-1) = (2227 N (172-1) = (2"2-2) IV (2*-27) - (1*-1) V.

Dorsal skin similar to that of neotype, with scattered
or uniformly distributed granules. Ulnar and tarsal tu-
bercles protuberant or inconspicuous. Three or four, low,
rounded tubercles can be present next to the tibio-tar-
sal articulation; the distal one is elongated in some
individuals.

In freshly euthanized specimens, dorsal color var-
ies from beige or gray to dark brown, with large irreg-
ular brown to black blotches, and small white blotches
(Fig. 6). In males, pectoral region light yellow and abdo-
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Figure 5. Neotype of Scinax x-signatus (CFBH 44688, male). Freshly euthanized individual. (A) Dorsal view. (B) Ventral view. (C) Dorsolateral view. Scale bars = 10 mm.

men yellowish beige; in females, cream white. Inguinal
region light yellow or yellow, with irregular dark blotch-
es; hidden surfaces of thighs, shanks, and tarsi brown to
black, with small to large, rounded or irregular yellow
blotches. Flanks light yellow or cream white; axillae yel-
low in some individuals. Iris yellowish golden or bronze,
with many thin, dark reticulations, and a median black
streak. In life, overall coloration similar to fleshly eutha-
nized specimens. Still, dark and light tones are more in-
tense and brighter, especially yellow coloration on ingui-
nal region and hidden surfaces of hindlimbs (Fig. 7). Iris
iridescent yellowish golden or bronze (Fig. 7A-E).

In preservative, dorsal pattern varies from light
beige or light gray to dark brown, with large, irregu-
lar dark blotches, usually with X-shaped marks com-
posed of one or two pairs of inverted parentheses-like
blotches, with or without light blotches (Fig. 8). Small,
dark brown, irregular blotches on the dorsum of all in-
dividuals. Interocular marking can be inverted triangle,
T-shaped, or W-shaped, sometimes fragmented. Upper
lip light with diffuse brown blotches, sometimes with a
white infraorbital stripe that extends to the tympanum.
Dark canthal line present in all specimens. Post-orbital

line varies in extension, reaching posteriorly level of
forearm insertion or middle of flanks. Dark blotches on
flanks and inguinal region rounded or irregular. Small to
large, rounded or irregular light blotches on hidden sur-
faces of hindlimbs. Ventral surfaces from cream white to
light beige, finely or conspicuously covered with brown
spots in some individuals. Dark coloration predominates
on dorsum of specimen MHNJCH 1014 (Fig. 8L); however,
this resulted from the fixation process in 10% formalin. In
life, this specimen showed the X-shaped mark and other
dorsal blotches common to the other specimens.

The occurrence of glandular tissue in the pectoral
region has been considered a secondary sexually di-
morphic character occurring in males (Lutz, 1973), and
this is corroborated here (Fig. 9A). This is also the case of
the spicule-shaped papillary epidermal projections on
the nuptial pad (Fig. 9B, C), inner margin of upper- and
forearms, and pectoral region. The glandular areas (aci-
ni) on the inner margins of upper- and forearms, and fin-
gers lI-ll (excluding the nuptial pad) are absent in some
specimens (e.g,, MHNJCH 1014, 1698-1700); when pres-
ent, spicule-shaped papillary epidermal projections also
occur on these areas. Spicule-shaped projections can be
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Figure 6. Variation in the color pattern of freshly euthanized specimens of Scinax x-signatus. (A), (D), (G), and (I) CFBH 44687 (male). (B), (E), and (K) MHNJCH 1701
(male). (C), (F), and (L) MHNJCH 1698 (male), (H) and (J) MZUESC 20683 (male).
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present, scattered, and apparently not associated to acini
on fingers lI-V in some individuals. Although our sample
of females is small (three individuals), females tend to be
larger than males (Table 1).

Advertisement call

The advertisement call of Scinax x-signatus consists of
asingle multipulsed note, emitted at a highly variable rep-
etition rate (2-105 notes/minute; Table 2; Fig. 10A), which
is likely affected by conspecific chorus density, since the
longer intervals between notes (up to 25.3 s; Table 2) were
observed in the recording of the neotype, which was call-
ing alone with no nearby conspecific. Notwithstanding,
much longer intervals are the exception, and the notes
are repeated at faster rates (29-105 notes/minute; Table 2),
but never composing a stereotyped series.

Araujo-Vieira, K. et al.: Neotype for Hyla x-signata

Note duration is 0.11-0.25 s (Table 2; Fig. 10A-C); each
note is composed of 6-14 pulses with modulating ampli-
tude increasing from the first third, reaching the maxi-
mum amplitude around the middle of the note, and grad-
ually decaying towards the last pulse (Fig. 10B, C). Pulse
rate is 52-64 pulses/s and pulse duration 0.013-0.018 s
(Fig. 10B, Q).

Calls have a broadband spectrum (BW90%
2250-2799 Hz; Table 2; Fig. 10C). The power spectrum is
usually biphasic, with two main emphasized frequency
bands (Fig. 10C). The lower band (i.e, the low-frequen-
cy band) comprises most of the power of the spec-
trum, with the dominant frequency ranging between
904-1359 Hz (Fig. 10C), and also including part of the
freq5% (861-991 Hz; Table 2). The upper band (i.e., the
high-frequency band) has less power than the first one,
surrounding the freq95% (3188-3704 Hz; Table 2), with

Figure7. Living specimens of Scinax x-signatus. (A) CFBH 44687 (male). (B) MZUESC 15894 (female). (C) MZUESC20683 (male). (D) MHNJCH 1701 (male). (E-F) MZUESC
17503 (female). Notice the coloration in life in the flank, inguinal region, and posterior surface of thigh in (F). Photos B, E, and F courtesy of Carlos Augusto S. Costa.
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Figure 8. Variation in the dorsal color pattern of preserved Scinax x-signatus. (A) MHNJCH 1700 (SVL 36.9 mm, male). (B) MHNJCH 1698 (SVL 35.0 mm, male).

(
(C) MHNJCH 1699 (SVL 37.8 mm, male). (D) MHNJCH 1701 (SVL 35.0 mm, male). (E) CFBH 44687 (SVL 37.2 mm, male). (F) MZUESC 20683 (SVL 34.5 mm, male).
(G) UFMG 4787 (SVL 38.0 mm, male). (H) CFBH 18797 (SVL 37.0 mm, male). (I) MZUESC 14890 (SVL 35.5 mm, male). (J) MZUESC 14893 (SVL 37.1 mm, male).
(K) CFBH 21071 (SVL 36.8 mm, male). (L) MHNJCH 1014 (SVL 38.4 mm, male). (M) MZUESC 17503 (SVL 44.7 mm, female). (N) MZUESC 14891 (SVL 38.2 mm, female).
(0) MZUESC 15894 (SVL 32.9 mm, female). Scale bars = 10 mm.
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Figure 9. Pectoral glands and spicule-shaped papillary epidermal projections in males of Scinax x-signatus. (A) Pectoral glands of CFBH 44687; notice the whitish
cream glandular area (acini) in the pectoral region. Right hand of MZUESC 14893 and MHNJCH 1014, respectively. (B) Dorsal view. (C) Ventral view. White arrows
indicate the spicule-shaped projections on nuptial pads and inner margin of Finger IIl. Scale bars = 1 mm (upper) and 2 mm (lower).
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Figure 10. Advertisement call of the neotype of Scinax x-signatus (CFBH 44688, male). (A) Waveform showing seven notes; the dashed square highlights two notes
showed in (B). (B) Waveform (on top) and spectrogram (on bottom) showing two consecutive notes; dashed square highlights the note showed in (C). (C) Waveform
(on top), spectrogram (in the middle), and power spectrum (on bottom) of a single note; notice the amplitude modulation in the intermediate pulses, with four
crescent peaks; the arrows and dashed vertical lines in the power spectrum highlights the dominant frequency in the low-frequency band (on the left) and the peak
frequency of the high-frequency band (on the right).
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its peak frequency between 2885-3618 Hz (Fig. 10C).
Between the two power spectrum bands, there is a
low-power “valley” (or gap) around 2.0-2.5 kHz (Fig. 10C).
The dominant frequency does not alternate between the
lower and upper bands, remaining in the lower band.

Notes on calling site and calling behavior

Males of Scinax x-signatus call near lentic water bod-
ies, either natural or artificial (such as pools and tanks).
They usually call from the ground, either uncovered
or hidden among the vegetation. Less often, they call
perched at low heights (below 1.5 m; rarely above that
height) on the vegetation inside or at the margins of wa-
ter bodies. Other species of Scinax found calling syntop-
ically with S. x-signatus are Scinax sp. aff. hayii, S. auratus,
S. eurydice, and S. pachycrus. Scinax x-signatus seems to
tolerate some degree of light and sound disturbance; as
we recorded the neotype inside the University Campus,
with plenty of artificial light and crowd voices as back-
ground noise.

Phylogenetic analysis
The two most parsimonious trees (length 468) recov-

ered all specimens considered in the literature as Scinax

Sphaenorhynchus lacteus

*r Scinax berthae
Scinax catharinae

Araujo-Vieira, K. et al.: Neotype for Hyla x-signata

x-signatus closely related with the neotype and our re-
ferred specimens (100% jackknife; Fig. 11). These include
specimens from Bahia, Ceara, and Pernambuco (NE
Brazil) and Amapa (N Brazil), and from French Guiana and
Martinique (Fig. 12). The selected fragment of the mito-
chondrial ribosomal gene 16S rRNA showed uncorrected
pairwise distances of 0.2-1.7% among the 28 individuals
of S. x-signatus (Table 3). The maximum value (1.7%) is
between specimens from Kourou and lle Royale (French
Guiana), and those from Ubajara (Ceara, NE Brazil),
Fernando de Noronha, and Sanharé (Pernambuco, NE
Brazil); the geographic distances between these points
are approx. 1,700 km (see distances between points 8-9
and 14-15in Fig. 12).

Scinax x-signatus is moderately supported (85%
jackknife) as sister taxon of Scinax sp. (as S. x-signatus
“Scinax_64" in Vacher et al., 2020) from Parque Nacional
Cavernas do Peruacu, Januaria, N Minas Gerais, Brazil.
Uncorrected pairwise distances between S. x-signatus
and Scinax sp. are 6.9-10.2%, with a sequence divergence
of 8.0% between one specimen of S. x-signatus (UFMG
4787) from Sebastido Laranjeiras (Bahia, NE Brazil) only
distant approx. 170 km ENE from the locality of this can-
didate species in N Minas Gerais (see Fig. 12). The vouch-
er specimen of Scinax sp. (MTJ0578) was not available for
morphological study, and therefore we are not aware of
any diagnostic characters for this candidate species. The

_M:Scinax eurydice CFBH18806
Scinax eurydice CFBH13937

54 Scinax eurydice CFBH10237
98 Scinax eurydice MTR05927
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—Eﬂax nasicus |IBPH262
28 Scinax nasicus MACN38650
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Scinax ruber AJC4053

93 Scinax ruber MTR13738
Scinax ruber WED56265
Scinax ruber MTD48119

Scinax ruber SMNS12101

7] Scinax fuscovarius ESTR0052
Scinax fuscovarius CFBH18087
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99 = . :
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Scinax x-signatus CFBH21071 BRA BA Caetité
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— Scinax x-signatus MZUESC15894 BRA BA Potiragua
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I— Scinax x-signatus MZUESC14890 BRA BA M. Chapéu
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Scinax x-signatus

Figure 11. One of the two most parsimonious trees (length 468 steps) obtained from the analysis of the 165 rRNA mitochondrial gene in TNT with gaps as fifth state.
Values above or below nodes are jackknife support values. Nodes without values indicate < 50% jackknife support; black dot indicates a node that collapses in the

strict consensus; an asterisk (*) indicates groups with 100% jackknife support.
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Figure 12. Distribution map of Scinax x-signatus showing localities of specimens with sequences of the 165 rRNA mitochondrial gene included in this study. Gray
shadow on the left highlights the putative distribution of S. x-signatus taken from [UCN Red List of Threatened Species (Rodrigues et al,, 2010). Note that although it
includes Paraguay, Bolivia, and Peru, we are not aware of published records assigned to S. x-signatus from these countries. The dashed square on the left highlights
the area on the right showing the distribution of S. x-signatus in the State of Bahia, Brazil. Black triangle: Janudria (Scinax sp.). Red star: Ilhéus (neotype of S. x-sig-
natus). Red dots. 1= Potiragud. 2 = Una. 3 = Sebastido Laranjeiras. 4 = Caetité. 5 = Maracds. 6 = Irajuba. 7 = Morro do Chapéu. 8 = Parque Nacional do Catimbau.
9 = Sanhard. 10 = Fernando de Noronha. 11 = Ubajara. 12 = Macapa. 13 = Montravel. 14 = Korou. 15 = lle Royale. 16 = Diamant. 17 = Unknown. Abbreviations.
Countries: BRA = Brazil. BOL = Bolivia. COL = Colombia. GUF = French Guiana. GUY = Guyana. PER = Peru. PRY = Paraguay. SUR = Surinam. VEN = Venezuela.
Brazilian states: AC = Acre. AL = Alagoas. AM = Amazonas. AP = Amapd. BA = Bahia. CE = Ceard. ES = Espirito Santo. GO = Goids. MA = Maranh&o. MG = Minas
Gerais. MS = Mato Grosso do Sul. MT = Mato Grosso. PA = Pard. PB = Paraiba. PE = Pernambuco. Pl = Piaui. PR = Parand. RJ = Rio de Janeiro. RN = Rio Grande do

Norte. RO = Ronddnia. RR = Roraima. RS = Rio Grande do Sul. SC= Santa Catarina. SE = Sergipe. SP = Sdo Paulo. TO = Tocantins.

clade S. x-signatus + Scinax sp. is well-supported (99%
jackknife) as sister taxon of S. fuscovarius, followed by a
poorly supported clade (< 50% jackknife) composed of
S.eurydice, S. nasicus, S. ruber, and S. similis.

DISCUSSION

Scinax x-signatus has been considered to occur in
Colombia, Venezuela, Guyana, Suriname, French Guiana,
and extensive areas in Brazil, including also ocean-
ic islands such as Fernando de Noronha (introduced),
Guadeloupe, La Désirade, Margarita, Marie Galante, and
Martinique (e.g,, Lescure & Marty, 2000; Junca, 2006;
Henderson & Powell, 2009; Ugueto & Rivas-Fuenmayor,
2010; Ouboter & Jairam, 2012; Cole et al,, 2013; Novaes
& Zina, 2016; Barrio-Amords et al, 2019). As reviewed
earlier in this paper, several authors expressed concerns
regarding the taxonomy of this species and the possibil-
ity that the name had been applied to several different
species. Our designation of a neotype, and the analysis of

DNA sequences allows to conclude that S. x-signatus oc-
curs at least in Northeastern and Northern Brazil, French
Guiana, and the Islands of Fernando de Noronha (Brazil)
and Martinique, as previously reported (e.g., Fouquet
et al, 20073, b; Lyra et al, 2016; Novaes & Zina, 2016;
Vacher et al, 2020; see Figs. 11, 12). However, our anal-
ysis lacks samples from Colombia, Venezuela, Suriname,
Guyana, and many northeastern Brazilian states where
several populations have been assigned to S. x-signatus.
Our characterization of the neotype specimen and oth-
er referred specimens from some localities in the State
of Bahia, Brazil, should be seen only as a partial charac-
terization of this species. A more thorough study is now
necessary, to understand its geographic variation along
its extensive distribution.

The combination of several adult morphological and
advertisement call characters differentiates Scinax x-sig-
natus from the remaining 74 described species of the
S. ruber Clade (see the Diagnosis section). However, two
sexually dimorphic morphological characters present in
males deserve comments, the pectoral glands, and the



Neotype for Hyla x-signata

Araujo-Vieira, K. et al.

€20206056

v.60:

'’

Pap. Avulsos Zool., 2020,

20/30

— ¥8 €8 COlL ¥8 L 08 SL S8 [L 6L 6L 69 00L ¢6 00L OOL LZ LZ 08 L2 69 TL VL VL VL TL T6 UL elenuer:oiN:yyg 8LSOMLW 0z1€00L0400) 6T
“ds xpung
— 00 00 00 00 OL 0L 00 0 00 00 00 60 60 60 60 0 0L £0 £0 0L 0L £0 0 [0 0L 60 [0 6LETdY 87600010400 8¢
— 00 00 00 0L OL 00 £0 00 00 00 60 60 60 60 (0 0L 0 0 0L 60 £0 L0 L0 0L 60 L0 7AYEL £26000L0400) LT
— 00 00 0L €L 00 0L 00 00 00 L oL L't 'L 0L ¥L 'L 0L ¥l ¥L 0L 0L 0L ¥l 0L 01 LLETIY 926000104001 9
— 00 0L 0L 00 0 00 00 00 60 60 60 60 £0 0L £0 0 0L 0L £0 0 [0 0L 60 [0 {EOIN §6L04Y $¥2000L0400N ST
— 0L 0L 00 80 00 00 00 80 80 80 80 90 L0 90 90 L0 L0 90 90 90 [0 80 90 [PreayuOl:auLAR) 4N 89¢WD LLEZoOLOJ0ON ¥T
— 0 'L zo oL oL oL £L 9L L L1 €L o9l €L o€l o9l gL €L €lo€el o9l 9l €L alefoy 3)1:4n9 JWOLE 68vLL7d1 €T
— L zo oL oL oL L1 9L 1oL gL 9L erogro9l gLl gLoel 9L 9l €L noinojy:4n9 Wee (74N 44
— 80 00 00 00 0L 0L 0L 0L 60 Ll 60 60 €L L1 60 60 80 Ll 0L 870 [areayuOl:auUAR):4ND JW09€ L60L0zn3 LT
— 80 80 0 ¥IL €L ¥L ¥l 0L €L 0L 0L ¢l €L 0L 0L oL €L €L 0l noinoy:4n9 wgl 8y/ldl 0T
— 00 00 0L 0L 0L 0L 80 0L 80 80 0L 0L 80 80 80 01 01 80 edede|y:dy:vyg 066€L4LN 60€€00L0400% 6L
— 00 0L 0L 0L 0L 80 0L 80 80 0L 0L 80 80 80 0L 0L 80 ededei:dy:yyg 636€L4LN 80€€00L0400) 8L
— 80 80 80 80 S0 L0 S0 SO L0 L0 SO SO SO L0 80 SO edede|y:dy:vyg 886ELYIN L£0€€00L0400)  £LL
— 00 00 00 00 €0 00 00 €0 €0 00 00 00 €0 00 00 elefeqn:a):yyg SL8SLHAD 6L556vNY 9L
— 00 00 00 €0 00 00 €0 T0 00 00 00 €0 00 00 eieleqn:3):vyg YL8SLHEA) yLSS6rNY  SL
— 00 00 €0 00 00 €0 O 00 00 00 €0 00 00 0leyues:3d-yyd 9580¢HED SLSS6YNN vl
— 00 €0 00 00 €0 O 00 00 00 €0 00 00 BUUOION 9p OpuBuIR43d-YYd 8996LHE1) 8L5S6vNN €L
— ¢0 00 00 0O TO 00 00 00 ¢O 00 00 nequine):34-yyd 08€SLULN LzeeooLod0ay T
— (0 C¢0 €0 €0 O TO TO €0 €0 ¢COo eUN:YgvHe LSyAY 0710010400 LL
— 00 0O TO 00 00 00 O 00 00 seila(uele] 0eseqas:yg:yyg L8LYONAN P96VLLMW 0L
— 0 ¢0 00 00 00 O 00 00 enbeinog:yg:yyg €0SLLXSINZW €96VLLMN 6
— €0 ¢0 TO0 C¢O0 €0 €0 0 enbeinod:yg:yyg y6851ISINZW T96VLLMW 8
— (0 C¢0 C¢O0 €0 C0 C0 SBIRIRINLYE Y HE L6/8LHE) 9S6VLLMWN L
— 00 00 ¢0 00 00 eqnfel|:yg:yyq L89YVHEL) LS6YLLMW 9
00 ¢0 00 00 nadey) op 0LON:Yg:YYg €6871ISINZW L96VLLMWN  §
— 70 00 00 nadey) op oLIO:yg:yyg L6871ISINZW 096VLLMW ¥
— €0 0o nadey) op 0LOIN:Yg:YYg 06871ISINZW 6S6VLLMWN €
— 00 9H9R) VG YHY LLOLZHED 9L8S6vYMI T
- SNOY|I-vg:vygd 839YVHED 8S6VLLMW L
snypubis-x xoups
6T 8 LT 9T ST ¥t € T lt ot 6L 8L ZL 9L SL ¥L €L & LL OO 6 8 L 9 S ¥ € T 1 fyjeoo]

A9pnop

Jaquinu uoissadde jueguan

5|1R33P J0J 7 XIpuaddy pue spoyialy pue [eudlely 335 “paulsapun st adA10au ay) abeyuadiad se uanib aie sanjep (yyg) [1zeig ‘(Di) s1esan) seulyy woly abeau| parejal auo snjd ‘(pLIy) anbiuneyy pue (409) BUBING yduaI] LWoJ) 0S|e pue
‘(1d) 0>nquieuI4 pue ‘(7)) e1e3) ‘(¥g) eiyeg ‘(dy) edewy Jo saiels ueljizeig ay) ui sanijeao| woij (3dA103u ayy Buipnpur) snapubis-x xpuis 10 3uab YNHA S9| [eUPUOYP0NIL Y1 JO SDUINDAS Buowe saruesip asimiied pardanodun * € ajqel



Araujo-Vieira, K. et al.: Neotype for Hyla x-signata

spicule-shaped papillary epidermal projections on the
nuptial pad, inner margin of upper- and forearms, and
pectoral region.

The pectoral glands of Scinax x-signatus (Fig. 9A), also
present in S. funereus, S. fuscovarius, S. nasicus, S. onca,
S. ruber, S. similis, and species of the S. uruguayus Group
are evident externally by the presence of pale yellow,
closely packed acini. These structures already have been
described in S. fuscovarius, S. nasicus, and specimens
assigned to S. x-signatus as “pectoral plaques” (Miller
& Hellmich, 1936; Lutz, 1973; Cei, 1980). We did not ob-
serve pectoral glands in females of S. fuscovarius, S. nasi-
cus, and S. x-signatus, corroborating that they are sexual-
ly dimorphic characters.

A white, slightly thickened area on the pectoral re-
gion was observed in males of some species of the Scinax
ruber Clade (e.g., S. eurydice, S. haddadorum, and S. pachy-
crus; Araujo-Vieira et al,, 2016; this study). However, we
did not observe the presence of packed acini in this re-
gion with high magnification, and therefore considered
that these species lack pectoral glands. Histological
studies are necessary to corroborate our observations.
Otherwise, glandular acini in the pectoral region were
reported for S. goya (the S. catharinae Clade; Andrade
etal, 2018). These acini seem to be scattered throughout
this region and likely not form a delimited area; it is un-
clear if these acini are sexually dimorphicin S. goya, since
Andrade et al. (2018) did not mention them as absent in
females.

Spicule-shaped papillary epidermal projections on
nuptial pads were first described for Scinax fuscovarius by
Luna et al. (2018), who find it similar to those previously
described for the pipids Xenopus epitropicalis and X. trop-
icalis (Dolder, 1976; Evans et al., 2015). Our observations
on several species of the S. ruber Clade showed the
presence of these projections only on the nuptial pads
of S. fuscovarius and S. x-signatus (see Fig. 9B, C; obser-
vations only missing for S. baumgardneri, S. blairi, S. cas-
troviejoi, S. karenanneae, S. lindsayi, S. ruberoculatus, S. sa-
teremawe, and S. strussmannae). These spicule-shaped
projections are also present on the inner margins of up-
per- and forearms and fingers lI-lll, and in the pectoral
region, always associated with glandular acini, but they
might also be present on dorsum and outer margins of
fingers 1I-V, where they are apparently not associated
with acini. This distribution on the body suggests that
further research is necessary to understand if these spic-
ules represent sexually dimorphic characters that cover
different parts including the nuptial pad, in which case
they should not be considered as an intrinsic morpholo-
gy of this structure (i.e,, one of the many morphologies of
papillary epidermal projections of the nuptial pad recog-
nized by Luna et al,, 2018).

The advertisement call parameters of Scinax x-signa-
tus (note duration, dominant frequency, pulse duration,
number of pulses/note, and pulse rate; see Table 2) from
our recordings and those produced by Novaes & Zina
(2016) mostly overlap the values from recordings from
Venezuela (Rivero, 1969; Tarano, 2010). Rivero (1969)
attributed two different calls to S. x-signatus with dif-
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ferent pulse rate: 40 and 80 pulses/s. The spectrograms
from the call with pulse rate of 40 pulses/s (Rivero, 1969:
figs. 2, 6) is similar to those of S. x-signatus described here
(Fig. 10), whereas those from the call with pulse rate of 80
pulses/s are more similar to calls attributed to S. ruber by
Rivero (1969; compare fig. 1 and fig. 3), as also noticed by
De la Riva et al. (1994) and Novaes & Zina (2016). Our call
values for S. x-signatus overlap, in part, with those pro-
vided by Sichieri et al. (2019: fig. 2) for specimens from
Bahia (e.g., note duration 0.10-0.34 vs. 0.11-0.25 s in this
study, number of pulses 5-27 vs. 6-14, pulses rate 32-90
vs. 52-64 pulses/s, and dominant frequency 1034-3790
vs. 904-1359 Hz). Otherwise, the advertisement call of
S. x-signatus reported by Freitas & Toledo (2020: fig. 2E,
table 1) is different from those reported here in note du-
ration (0.13-2.43 vs. 0.11-0.25 s in this study), number of
pulses (5-104 vs. 6-14 pulses in this study), and dominant
frequency (950-4050 vs. 904-1359 Hz in this study). These
differences likely result from calls of different species that
were analyzed under the name S. x-signatus, as also sug-
gested by Freitas & Toledo (2020: 9).

The advertisement call of Scinax x-signatus is similar
to that of S. fuscovarius, in that both produce low fre-
quency calls, with similar pulse structure, note duration,
number of pulses per note, and pulse rate, and there are
no obvious differences between the advertisement calls
of these species (Pombal et al,, 1995b; Bevier et al., 2008;
Novaes & Zina, 2016; this study). These species also share
the presence of pectoral glands and spicule-shaped epi-
dermal projections in males, as mentioned above.

The designation and description of a neotype for
Scinax x-signatus, including information on advertise-
ment calls and 16S sequences, should make feasible
the reevaluation of all previous records assigned to this
species throughout its extensive distribution (e.g., Heyer
et al, 1990; Gorzula & Senaris, 1999; Lescure & Marty,
2000; Izecksohn & Carvalho-e-Silva, 2001; Junca, 2006;
Henderson & Powell, 2009; Silva et al, 2010; Tarano,
2010; Ugueto & Rivas-Fuenmayor, 2010; Ouboter &
Jairam, 2012; Cole et al, 2013; Nogueira et al, 2015;
Barrio-Amords et al., 2019; Dubeux et al.,, 2020; Sefaris
& Rojas-Runjaic, 2020). In this sense, we showed that
S. x-signatus is distinguishable from species such as S. eu-
rydice, S. granulatus, S. nasicus, S. similis, and S. ruber, with
which it had been confused throughout its distribution.
Furthermore, cryptic or simply still unrecognized species
previously associated with S. x-signatus could be diag-
nosed and described in future studies, as for example the
candidate species Scinax sp. from N Minas Gerais, Brazil
(Vacher et al., 2020).
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APPENDIX 1
List of examined species

S. acuminatus — Brazil: State of Mato Grosso do Sul, Corumbd, Passo do Lontra: CFBH 3330, 4328, Pantanal study base: CFBH 8642. S. alter — Brazil: State of Bahia:
[tadnas: MZUESC 9775, 9777); State of Rio de Janeiro: Duque de Caxias: CHFURG 4910, 4911); State of Espirito Santo: Santa Leopoldina: Alto Crubixa-Mirim: CFBH
1350-1351, Serra: Sitio Gasparini: Carapebus: CFBH 1442, 1484, Area de Protecdo Ambiental do Mestre Alvaro: CFBH 10838, Aracruz, Olho D'’Aqua: CFBH 33149.
S. auratus — Brazil: State of Bahia: Ilhéus: CFBH 21097, Jequié: CFBH 23662, 27833, MZUESC 11051, 11052, Maragogipe (MZUESC 13029), Maracds: MZUSP
95458-95493, 95593-95599, Uruguca: CFBH 14629. S. baumgardneri — Venezuela: Territorio Amazonas: (asa de Julidn-between Tabana and Cafio Chana: KU
129753 (paratype), Puerto Ayacucho: MZUSP 73702 (paratype). S. boesemani — Surinam: Zanderij: MZUSP 73649-73650 (paratypes). Brazil: State of Roraima:
Missao Catrimani: MZUSP 68696-68713; State of Para: Itaituba: Parque Nacional da Amazonia: MZUSP 146897-146899, 58187-58192, Parque Rio Tapajos: MZUSP
56925-56927; State of Amazonas. Manaus: Colosso Reserve — km 32: CFBH 37169-37170. S. boulengeri — Ecuador: Esmeraldas: Cachavi: MZUSP 105074-105077.
Peru: Loreto: Estirén: Rio Ampiyacu: MZUSP 32947, 32856, 34763. Brazil: State of Amazonas: Igarapé Belém: Rio Solimdes: MZUSP 34693. S. cabralensis — Brazil:
State of Minas Gerais: Joaquim Felicio: MNR) 42884, 42888 (paratypes). S. caldarum — Brazil: State of Minas Gerais: Pocos de Caldas: Morro do Ferro: CFBH 14, 6385,
6388, 17545, MZUSP 101565-101566, 117912, Retiro Branco: MZUSP 132582-132587. S. camposseabrai — Brazil: State of Bahia: Fazenda Cana Brava, 10 km E
Maracas: MZUSP 74202 (holotype), 73739-73741, 73755, 74203 (paratypes), Maracas: MZUESC 11021, 11024, 11025. S. constrictus — Brazil: State of Goids: Montes
(laros de Goids: MZUSP 140832-140834, Campo Limpo de Goids: Fazenda Conceido: CFBH 12514; State of Tocantins: Taguatinga: CFBH 20983-20984, Porto Nacional:
28294, 28904. Scinax cretatus — Brazil: State of Alagoas, Passo do Camaragibe: CFBH 7348, Fazenda Morro: MZUSP 141283-141286; State of Bahia: Marad (MZUESC
20604; 20605, 20587, 20649, 20650, 20663, 20695). S. crospedospilus — Brazil: State of Rio de Janeiro: Resende: MZUSP 143887-143888, Brejo da Lapa: MZUSP
102416, Petrépolis: MZUSP 143, Itatiaia: Maringa: CFBH 5737; State of Sao Paulo: Mogi das Cruzes: Parque Natural: MZUSP 138830-138833, Queluz: CFBH 7210,
7224-7225. S. cruentomma — Peru: Loreto: Estiron: Rio Ampiyacu: MZUSP 34872-34880. S. curicica — Brazil: State of Minas Gerais: Serra do Cipd: MZUSP 77103,
56883-56887, 109440-109441, Santana do Riacho: Serra do Cipd: CFBH 30904, (atas Altas: Serra do Caraa: CFBH 38110, Ouro Preto: CFBH 24379. S. cuspidatus —
Brazil: State of Espirito Santo: Conceicdo da Barra: Vila de Itatnas: CFBH 35362. Marataizes: Gomes pond: CFBH 19480, Linhares: Floresta Nacional de Goytacazes:
(FBH 26498; State of Rio de Janeiro: Barra de Sdo Joao: MZUSP 119824-120157, Rio das Ostras: MZUSP 30912-30959, 56126-56174, Tijuca: MZUSP 110701-110702,
118682-118794, Maricd: Restinga de Maricd: CFBH 24626. S. danae — Venezuela: Estado de Bolivar: km 127 on El Dorado-Santa Elena de Uiarén Road: KU
167089-167090 (paratypes). S. dolloi — Brazil: State of Rio de Janeiro, Itatiaia, Mantiqueira Mountain Range: IRSNB 1.017 (syntypes, 2 specimens). S. duartei —
Brazil: State of Rio de Janeiro: Itatiaia: Brejo da Lapa: CFBH 140-141, 872, 9896. S. elaeochroa — Costa Rica: Cartago: Turrialba: MZUSP 101179-101181, Alajuela:
2 mi NE muelle de Arsenal: MZUSP 101182-101183. . eurydice — Brazil: State of Bahia: Fazenda Santo Onofre 10 km E of Maracds: MZUSP 74213 (holotype),
74214-74215 (paratypes), 73732-73733 (paratypes), Maracés: Fazenda Santo Onofre and Canabrava: CFBH 18806, 23660, Maracés: MZUSP 14048-14052 (para-
types), 59912-59914, MHNJCH 1655, Ilhéus: MZUSP 117827, 117835, Itabela: MHNJCH 385, Itagiba: CHFURG 4958, 4959, 4960, Jequié: MHNJCH 172, 1353, 1363,
Ubaira MHNJCH 187,192, Uruguca: MHNJCH 712, MZUSP 33890, Salvador: MZUSP 8338, Porto Sequro: Fazenda Lafranchini: CFBH 36878; State of Rio de Janeiro: Gréo
Mogol: CFBH 10237, Petrdpolis: CFBH 13937. S. exiguus — Brazil: State of Roraima: Pacaraima: BV8 drea: MZUSP 157397-157403, Tepequém: Avido caido trail:
MZUSP 157404-157406, Boa Vista: Estacao Ecoldgica Maraca: Lateral aterro trail: MZUSP 157407. Venezuela: Estado de Bolivar, km 144 on the El Dorado-Santa Elena
de Uairén Road in the Gran Sabana: KU 167118, 167121 (paratypes). S. fontanarrosai — Brazil: State of Santa Catarina: Campos Novos: CFBH 23842-23843. S. fu-
nereus — Brazil: State of Roraima: Porto Velho: UHE Jirau: left margin of Rio Madeira: MZUSP 146109-146111, 152478-152479, 143316-143317, 152850. §. fusco-
marginatus — Brazil: State of Mato Grosso: Chapada dos Guimaraes: MZUSP 117768-117770, Jaciara: MZUSP 117773-117790; State of Minas Gerais: Lagoa Santa:
marsh in the Lagoa Santa-Fernao Dias Road: CFBH 24357-24358, 24360, 24363. S. fuscovarius — Argentina: Misiones: Campo Anexo INTA “Cuartel Rio Victoria”: San
Vicente: MACN 38646. Brazil: State of Amazonas: Rio Solimdes, Igarapé Belém: MZUSP 33261-33263, CFBH 51, 58, 34283, 37081; State of Espirito Santo: Linhares:
CFBH 18087; State of Minas Gerais: Lassance: MZUSP 74154 (paralectotype), Fama: CFBH 1869, Jaboticatubas: CFBH 24367, Sacramento: CFBH 34338; State of Goids:
Sao Joao D'Alianca: CFBH 6794. S. garbei — Brazil: State of Amazonas: Rio Jurua: MZUSP 277 (holotype); State of Roraima: Porto Velho: UHE Jirau: left margin of Rio
Madeira: MZUSP 153299-153300. Peru: Loreto: Estirén: Rio Ampiyacu: MZUSP 32966-32967, 34747-34759. S. granulatus — Brazil: State of Santa (atarina:
Floriandpolis: MZUSP 136363-136368, Campo Alegre: Fazenda Sequoia: MZUSP 142261, Chapecd: CFBH 3867-3869, Campos Novos: CFBH 24297-24298; State of
Parand: Marmeleiro: CFBH 33374, Ponta Grossa: Parque Estadual Vila Velha: CFBH 39388-39389; State of Rio Grande do Sul: Estacdo Ecoldgica do Taim: MZUSP
57535-57539, Rio Grande: Canal da Corsan: CHFURG 79, 80). S. haddadorum — Brazil: State of Mato Grosso: Barra do Garcas: Fazenda Agua Limpa: MZUSP 152328
(holotype), MZUSP 152188, 152190-152192, 152326-152327, 152329-152331 (paratypes), CFBH 39054-39056 (paratypes). S. hayii — Brazil: State of Rio de Janeiro,
Teresopolis: MZUSP 53479-53484, 116492-116493, Parque Nacional Serra dos Orgaos: MZUSP 116484, CFBH 18820, 35543-35544, Nova Friburgo: CFBH 137. S. im-
begue — Brazil: State of Santa Catarina: Sao Bento do Sul: CEPA pond, Distrito do Rio Vermelho: CFBH 36433-36434; State of Parand: Guaraquecaba: CFBH
37503-37504, 37507, 37513, 37522. S. juncae — Brazil: State of Bahia: Almadina: MZUESC 14157, llhéus: MZUESC 14237, 19502, 20614, 20615, [tabuna: MZUESC
14243, Ituberd: MZUESC 12898, 13024, Uruguca: Fazenda Triunfo: CFBH 32425, Fazenda Bom Fim: CFBH 35739-35740, 39443. S. karenanneae — Colombia: Vaupés:
near Timhd: UTA-A 3768, 3769 (paratypes). S. lindsayi — Brazil: State of Amazonas: north side of the Vaupés River about 3 km NW of Yapima, Vaupés. Colombia:
UTA-A 4301, 4303 (paratypes). S. madeirae — Brazil: State of Roraima: Porto Velho: MZUSP 73663 (holotype), 73658 (alotype), 73954-73962 (paratypes),
74487-74490 (paratypes). S. maracaya — Brazil: State of Minas Gerais: Alpindpolis: Fazenda Salto: MZUSP 73696 (paratype), CFBH 16, Itabirito: CFBH 18425, Sao
Roque de Minas: MZUSP 59550. S. montivagus — Brazil: State of Bahia: Mucugé: CFBH 30117-30118, MZUESC 21294, Morro do Chapéu: MZUESC 14895, 14905,
Palmeiras: MZUESC 21246, 21253, 21263). . nasicus — Argentina: Buenos Aires: Ciudad Auténoma de Buenos Aires: MACN 45072-45074, 45082-45083, Baradero:
Estancia “El Retofio”: MACN 38650; Santa Fe: Departamento de Garay y 9 de Julio: MACN 45243-45251; Entre Rios: Departamento de Villaguay: Villa Dominguez:
Establecimento 116: MACN 45299-45304. Brazil: State of Mato Grosso: Rosario Oeste: MZUSP 124532-124533, Santo Antdnio de Leverger: MZUSP 121597; State of
Rio Grande do Sul: Trés Lagoas: CFBH 14612, Santa Maria: CFBH 21898-21900. S. nebulosus — Brazil: State of Pard: Canaa: CFBH 3644-3646. State of Roraima:
Espigdo D'Oeste: CFBH 5112; State of Tocantins: Darcindpolis: CFBH 25920. S. onca — BRAZIL: Roraima: Porto Velho: UHE Jirau: left margin of Rio Madeira: MZUSP
146110-146111, 152850. S. pachycrus — Brazil: State of Bahia: Cachoeira: MHNJCH 148, Irajuba: MZUESC 20220, 20221, Jeremoabo: MZUSP 76908-76913,
77686-77692, Maracas: MHNJCH 1651-1654, 1658, MZUSP 76979-76981, 105474-105489, Maracés, Fazendas Santo Onofre and Cana Brava: CFBH 18798,
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19518-19519, Ubaira: MHNJCH 190; State of Sergipe: Itabaiana: CFBH 13314, Serra de Itabaiana: MZUSP 72521-72524. 5. pedromedinae — Brazil: State of Ronddnia:
Porto Velho: UHE Jirau: left margin of Rio Madeira: MZUSP 146181-146184, 151253-151255, 151837, Caicara: 151546-151548, 153077-153079, 15330. . perereca
— Brazil: State of Sdo Paulo: Ribeirdo Branco: MZUSP 69637-69639, CFBH 37727, Ribeirao Branco: Fazenda Sao Luis: MZUSP 103320, 103322, CFBH 2225, 2335, 2501,
30918, Eldorado: Fazenda Tiatd: MZUSP 152921-152922, Parque Estadual Jacupiranga: Nucleo Cedro-Barra: MZUSP 135485, Ibiuna: Parque Estadual Jurupara:
MZUSP 141682-141685, 141676-141678, Sao Miguel do Arcanjo, Parque Estadual de Carlos Botelho: MZUSP 136120-136123. S. pinima — Brazil: State of Minas
Gerais: Serra do Cipd km 132: MZUSP 73668 (holotype), 73859-73863 (paratypes), Santana do Riacho: Serrado Cipd: CFBH 35054, 39978. S. proboscideus — Brazil:
State of Amapa: Serra do Navio: MZUSP 105084. S. quinquefasciatus — Ecuador: Pichincha: Centro Cientifico Rio Palenque: MZUSP 55806-55811, 55792-55800.
S. rossaferesae — Brazil: State of Parand: Jaguariaiva: Parque Estadual do Cerrado: CFBH 21027 (holotype), Tibagi: Parque Estadual Guarteld: MZUSP 157140-157142
(paratypes), MHNCI 9226-9228 (paratypes), Ponta Grossa: Parque Estadual Vila Velha: MHNCI 9841, 9843-9844 (paratypes), CFBH 39390, 39391 (paratypes). S. ros-
tratus — Panama: Canal Zone: MZUSP 107765. S. ruber — Surinam: Langamankondre: MZUSP 31588-31818, 31829-31957, 32859. Brazil: State of Acre: Cruzeiro do
Sul: CFBH 26214-26215. . rupestris — Brazil: State of Goids: Chapada dos Veadeiros: MZUSP 112877 (holotype), MZUSP 112859112876, 112878, 112880 (para-
types), CHUNB 72964-72965, 73653 (paratypes). S. similis — Brazil: State of Bahia: Caetité: Alto da Serra Sete Quedas: UFMG 5859, Camamu: MZUESC 20599, 20733,
20760), Magé: CHFURG 4961, 4962, 4963, Marau, MZUESC 20688, 20697, 20702; State of Rio de Janeiro: Angra dos Reis: CFBH 5764, Manguinhos: MZUSP 73688
(paratype), USNM 97319, 97324, 97351 (paratypes), MZUSP 3899-3918, 9876-9884, Ilha do Governador: MZUSP 20907, Sao Joao da Barra: Grussai: CFBH 5018-5019;
State of Espirito Santo: Aracruz: CFBH 4030-4031, Conceicdo da Barra: CFBH 4156. S. staufferi — Panama: Canal Zone: MZUSP 113238. México: Tamaulipas: Old
Morelos: MZUSP 113237; Campeche: Escarrega: MZUSP 113239, Encarnacién: MZUSP 5311-5314, Guerrero: La Venta: MZUSP 5315. S. sugillatus — Ecuador:
Pichincha: Scientific Center Rio Palenque: MZUSP 55608-55615. S. squalirostris — Brazil: State of Sao Paulo: Sao José do Barreiro: Serra da Bocaina: CFBH 21982,
28780, 30886, 35249. Uruguay: Maldonado: 15 km NE Sao Carlos: MZUSP 6482 (paratype of Hyla evelynae). S. tigrinus — Brazil: Distrito Federal, Brasilia: Fazenda
Aqua Limpa: CFBH 22799. State of Minas Gerais, Buritis: UFMG-A 11565-11567. S. x-signatus — Brazil: State of Bahia: llhéus, Salobrinho: UESC: CFBH 44688 (neo-
type), lIhéus: Salobrinho: Condominio Parque Universitario: MZUESC 20683, Caetité: Povoado Senote: CFBH 21071, Contendas do Sincora: Floresta Nacional
Contendas do Sincord: MHNJCH 1014, Irajuba: Fazenda Lagoa Nova: CFBH 44687, Maracas: Fazendas Santo Onofre and Cana Brava: CFBH 18797, Maracds: near
Fazendas Santo Onofre and Cana Brava: MHNJCH 1701, Maracds: Assentamento do Cumbe: MHNJCH 1698-1700, Morro do Chapéu: CPRM: MZUESC 14890, 14891,
14893, Potiragud: MZUESC 15894, 17503, Sebastido Laranjeiras: UFMG 4787; State of Ceard: Ubajara: CFBH 15874, 15875; State of Pernambuco: Sanhard: CFBH
20856, Fernando de Noronha: CFBH 19668. S. wandae — Colombia: Departamento Meta: 2 km NNE of Villavicencio: KU 131717 (paratype).
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