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Notes on the Hyperossified Pumpkin Toadlets of the Genus Brachycephalus (Anura:
Brachycephalidae) with the Description of a New Species
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AND CÉLIO F.B. HADDAD

2,3
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Sebastião, São Paulo, Brazil

5 Laboratório de Coleções Zoológicas, Instituto Butantan, 05503–900, São Paulo, São Paulo, Brazil
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ABSTRACT: Four species of pumpkin toadlets are currently recognized by the extreme condition of hyperossification in the skull and vertebral
column within the genus Brachycephalus. In addition to their larger body size, relative to other congeneric species, Brachycephalus darkside,
Brachycephalus ephippium, Brachycephalus garbeanus, and Brachycephalus margaritatus share remarkable osteological features, such as the
large paravertebral plates forming an ornamented dorsal bone shield, visible through the integument. We add to the current knowledge of this
group by analyzing its diversity and describing a new hyperossified species from some important Atlantic Forest remnants in southeastern Brazil,
including those bordering São Paulo, the largest and most populous city in South America. The new species is diagnosed by a combination of
morphological, osteological, and bioacoustic characters, with further evidence of mtDNA sequences to confirm its distinction from the other
congeners. The parotic and paravertebral bone plates externally bordered with a rough and pale contour can readily distinguish the new species
from the other hyperossified species within Brachycephalus. The new species is widely distributed along the Serra do Mar mountain range,
including the regionally named Serra de Paranapiacaba, in elevations from 700 to 1000 m above sea level (a.s.l.), in the central coast of the state of
São Paulo, southeastern Brazil. We discuss valuable morphological characters within this group of species, reinforce the need for further studies,
and highlight the relevance of protected areas for biodiversity conservation in metropolitan regions.
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THE GENUS Brachycephalus Fitzinger 1826 currently
consists of 36 species of miniaturized leaf-litter–dwelling
toadlets endemic to the Atlantic Forest domain (Frost 2020).
Despite their occurrence in a wide elevational range from
sea level to more than 1500 m a.s.l., the impressive diversity
of the genus is still associated with moderate- and high-
elevation areas, generally occurring above 700 m of elevation
(Bornschein et al. 2019a). Recent studies in remote
mountain ranges revealed several new species of Brachyce-
phalus that supported a relatively high and steady rate of
species description in the past few years. Moreover, these
studies have revealed species complexes and potentially new
species across the distribution of the genus (Bornschein et al.
2019a; Condez et al. 2020).

Brachycephalus currently includes the pumpkin toadlets,
which are the majority of the species, and the poorly known
flea-toads (Condez et al. 2016). The popular name ‘‘pumpkin
toadlet’’ was attributed to the bright-colored type species
Brachycephalus ephippium (Pombal et al. 1994). The
bufoniform body aspect (Miranda-Ribeiro 1920), and the
general conspicuous orange body color, which can be
associated with the presence of toxic tetrodotoxin-like
substances and oligopeptides on their skin (Pires et al.
2005; Arcanjo et al. 2015), is shared among 32 pumpkin
toadlets species within Brachycephalus. However, the four
cryptic colored flea-toad species (Brachycephalus didactylus,

Brachycephalus hermogenesi, Brachycephalus pulex, and
Brachycephalus sulfuratus) embedded within the pumpkin
toadlets (Condez et al. 2020) prevent the broad use of the
popular term ‘‘pumpkin toadlet’’ for the genus (i.e., because
of its nonmonophyly). In the first molecular phylogenetic
analysis of Brachycephalus, Clemente-Carvalho et al.
(2011a) recovered pumpkin toadlets living in latitudes
between 208S to 248S in the Brazilian states of Espı́rito
Santo, Rio de Janeiro, and São Paulo as a monophyletic
group, clearly distinct from those living in higher latitudes.
At that time, within Brachycephalus two distinct clades were
already recognized based on molecular information and
osteological features (Clemente-Carvalho et al. 2009, 2011a;
Campos et al. 2010). Recently, Condez et al. (2020), based
on an extensive taxon sampling, recovered and explicitly
named these pumpkin toadlet clades. The B. ephippium
clade is represented by the largest species within the genus,
with the extreme condition of hyperossification of the skin,
skull, and vertebral column, externally identified and
diagnosed by the presence of a dorsal bone shield. This
clade includes B. ephippium (Spix 1824), Brachycephalus
garbeanus Miranda-Ribeiro 1920, and Brachycephalus
margaritatus Pombal and Izecksohn 2011 (Condez et al.
2020), together with the recently described Brachycephalus
darkside Guimarães, Luz, Rocha and Feio 2017, which was
never formally included in molecular studies but referred to
this clade according to the original publication (Guimarães et
al. 2017). The Brachycephalus vertebralis clade is repre-8 CORRESPONDENCE: e-mail, thacondez@gmail.com
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sented by pumpkin toadlets with variable conditions of
hyperossification of the skin, skull, and vertebral column, but
lacking the dorsal bone shield, including Brachycephalus
alipioi Pombal and Gasparini 2006; Brachycephalus bufo-
noides Miranda-Ribeiro 1920 (see also Folly et al. 2020);
Brachycephalus crispus Condez, Clemente-Carvalho, Had-
dad and Reis 2014; Brachycephalus guarani Clemente-
Carvalho, Giaretta, Condez, Haddad and Reis 2012;
Brachycephalus nodoterga Miranda-Ribeiro 1920; Brachy-
cephalus pitanga Alves, Sawaya, Reis and Haddad 2009;
Brachycephalus toby Haddad, Alves, Clemente-Carvalho
and Reis 2010; and B. vertebralis Pombal 2001. A single
exception, not formally included in this clade, but probably
referred to it, is Brachycephalus atelopoide Miranda-Ribeiro
1920, a poorly known species from the state of São Paulo
whose holotype is lost (Pombal 2010).

The extreme condition of hyperossification exhibited by
the four species within the Brachycephalus ephippium clade
(Condez et al. 2020) is distinct from all the other congeners,
with large additional bone elements in the skull and vertebral
column, generally ornamented and visible through the
integument (Campos et al. 2010). Brachycephalus darkside,
B. ephippium, B. garbeanus, and B. margaritatus share
remarkable osteological features, such as (1) the presence of
large parotic plates covering the squamosal, pro-otics, and
auditory capsule, (2) spinal plates associated with presacral
vertebrae, and (3) large paravertebral plates forming a dorsal
bone shield (Miranda-Ribeiro 1920; Clemente-Carvalho et
al. 2009; Campos et al. 2010; Pombal and Izecksohn 2011).
Herein, we contribute to the knowledge of the genus
Brachycephalus by describing a new hyperossified species
in the Brachycephalus ephippium clade from the state of São
Paulo, Brazil. We based our results on a set of morpholog-
ical, osteological, and bioacoustic characters, with further
evidence from mtDNA sequences to confirm the new
species designation.

MATERIAL AND METHODS

Specimens

Specimens were collected during several expeditions to
the municipalities of Bertioga, Itanhaém, Juquitiba, Santo
André, São Bernardo do Campo, São Paulo, and São Vicente,
all in the state of São Paulo, southeastern Brazil. All
geographic coordinates are in the datum WGS84. The
expeditions were mainly performed in the rainy seasons
between 2005 and 2017. After being photographed, live
specimens were euthanized in 5% lidocaine, fixed in 10%
formalin, and preserved in 70% ethanol. Tissue samples
were taken from liver or hind limb muscle and preserved in
absolute ethanol for molecular analysis. The collected
specimens and tissue samples are deposited in Célio F.B.
Haddad Amphibian Collection (CFBH), Departamento de
Biodiversidade, Instituto de Biociências, Universidade Es-
tadual Paulista, Rio Claro, São Paulo, Brazil; Amphibian
Collection of Museu de Zoologia da USP (MZUSP),
Universidade de São Paulo, São Paulo, Brazil; and Amphib-
ian Collection of Centro de Coleções Taxonômicas, Uni-
versidade Federal de Minas Gerais (UFMG), Minas Gerais,
Brazil. Sound recordings are deposited in Coleção Bioacús-
tica da Universidade Federal de Minas Gerais, Minas Gerais,

Brazil (CBUFMG), and Macaulay Library, The Cornell Lab
of Ornithology, Cornell University, NY, USA (ML).

External Morphology and Osteology

Preserved specimens were measured by a single person
(T.H. Condez) with a graduated micrometric ocular fitted to
a Zeiss Stemi SV11 stereomicroscope. The abbreviations for
the 14 measurements adopted are SVL (snout–vent length);
HL (head length; from the tip of snout to the angle of the
jaw); HW (head width; greatest width of head located
between the angle of the jaw); ND (nostril diameter); IND
(internostril distance; between inner margins of nostrils); ED
(eye diameter); IOD (interorbital distance; between anterior
corners of eyes); END (eye–nostril distance; from the
anterior corner of the eye to posterior margin of the nostril);
THL (thigh length); TBL (tibia length); FL (foot and tarsus
length; from the longest toe to the plantar plus tarsus
length); UAL (upper arm length); FAL (forearm length); and
HAL (hand length; between the palmar and the longest
finger). Except for FL, which is modified to include tarsus
length, and ND (Condez et al. 2016), the measurements
follow Duellman (1970; SVL, HL, HW, ED, and TBL), Cei
(1980; IOD, IND, and END), and Heyer et al. (1990; UAL,
FAL, HAL, and THL). Sex of specimens was determined by
the presence of vocal slits in adult males and the presence of
mature oocytes in adult females. To evaluate sexual
dimorphism in size we tested differences between measure-
ments of males and females, considering different sample
sizes and heteroscedasticity of the data, with the Welch’s t-
test in the R environment (R Core Team 2020). For
osteological descriptions we prepared two cleared and
double-stained specimens from the municipalities of Bertio-
ga (MZUSP 135753) and Santo André (CFBH 27188), and
also a single specimen scanned for high-resolution micro-
tomography (micro CT) collected at municipality of Santo
André (CFBH 42337). The skin of cleared and double-
stained material was preserved to search for small dotted
osteoderms and, after careful removal of eyes and internal
content (such as gonads and digestive tract), the specimen
was immersed in absolute ethanol for 24 h. The specimen
was transferred to a solution of 80% absolute ethanol, 20%
acetic acid, and 0.1 g alcian blue for 1 h and neutralized in
1% KOH solution for 20 h. The digestion occurred in a
solution of 70% water, 30% borax, and 0.1 g trypsin for
approximately 4 h and then the specimen was washed in a
solution of 1% KOH for 10 min. The specimen was stained
in a solution of 1% KOH and 0.1 g alizarin red for 10 min,
then washed in a solution of 1% KOH, and immersed in a
series of glycerin solutions, with increasing glycerin concen-
tration every 24 h (40%, 70%, and 90%). It was permanently
stored in 90% glycerin and 10% KOH. This clearing and
double-staining protocol was modified from Taylor and Van
Dyke (1985). The osteological description based on cleared
and double-stained specimens was made using a Zeiss
SteREO Discovery V20 stereomicroscope (Zeiss Group)
with motorized 203-zoom. The micro CT was made on
Phoenix vjtomejxs240 (General Electric Company) at Uni-
versidade de São Paulo, Ribeirão Preto, Brazil. The
preserved specimen was fitted in a small plastic tube,
supported by low-density foam soaked in 70% ethanol to
avoid dehydration on the procedure of scanning. During a
single scan rotation we took 1300 x-ray images of 990 3 1000
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pixels using an exposure time 0.33 s, voltage of 50 KV, and
amperage of 150 mA. The same projection view was created
three times and then averaged; the final volume had
0.018955 mm of resolution (for x, y, and z). The DICOM
data was reconstructed using 3D Slicer v4.10 (Fedorov et al.
2012). The micro CT reconstruction was segmented using
threshold values adjusted manually to include the desired
proportion of bones. The surface model was generated using
3D Slicer’s Segment Editor Module. Background artifacts
were manually cropped and the model was smoothed by a
factor of 0.1 before being exported to 3D Mesh (Standard
Tessellation Language File; STL). Final STL is available
onl ine at https : / /www.morphosource.org/Deta i l /
MediaDetail/Show/media_id/85738. Prepared specimens
were then compared to other species within the B.
ephippium clade: B. ephippium (UF72725, a micro CT
specimen available online at https://www.morphosource.org/
Detail/SpecimenDetail/Show/specimen_id/3735), Brachyce-
phalus garbeanus (CFBH 16806, a cleared and double-
stained specimen), and Brachycephalus sp. (aff. ephippium)
(three cleared and double-stained specimens not deposited
in scientific collections obtained from municipality of Atibaia
[AT025], municipality of São José dos Campos [SFX004],
and municipality of Jundiaı́ [SJ004]). Comparisons with B.
darkside and B. margaritatus follow the original species
descriptions (Pombal and Izecksohn 2011; Guimarães et al.
2017). The terminology of osteological structures follows
Trewavas (1932) for hyoid and laryngeal skeleton; Trueb
(1993, 2015), Pugener and Maglia (1997), and Campos et al.
(2010) for cranial bones; and Trueb (1973), Campos et al.
(2010), and Fabrezi (1992, 1993, 2001) for axial and
appendicular skeleton. Specimens examined are presented
in Appendix I and the museum acronyms follow Sabaj
(2016), except for the Herpetology Collection of Florida
Museum of Natural History, University of Florida, USA
(UF).

Acoustic Analysis

Calling males were recorded with a tape recorder
Marantz PMD 222 coupled with an Audio-Technica AT835
unidirectional microphone by P.C.A. Garcia at the munic-
ipality of Bertioga, state of São Paulo, Brazil, and with a
digital recorder Marantz PMD 660 (Marantz Corp.) coupled
with a Sennheiser ME66/K6 (Sennheiser electronic GmbH
& Co.) unidirectional microphone by F. Schunck and K.
Evangelista at the municipality of Santo André, state of São
Paulo, Brazil. Recordings were made at 44.1-kHz sampling
rate and sample size of 16 bit. We applied a 500-Hz high-
pass filter to sound files in Audacity v2.1.1 (Audacity Team
2017) before conducting the acoustic analysis to reduce
background noise. Spectral and temporal parameters were
measured using Raven Pro v1.5 (Bioacoustics Research
Program 2014) directly from spectrograms and oscillograms.
Spectrograms were produced with a Hann window type,
window size 512 samples, overlap 90% (locked), hop size 51
samples, DFT size 1024 samples (locked), grid spacing 43.1
Hz, brightness and contrast in default, and color map Cool.
We used a note-centered approach and 10 advertisement call
parameters were obtained following the definitions provided
by Köhler et al. (2017): (1) call duration (s), (2) intercall
interval (s), (3) number of notes per call (notes/call), (4) note
repetition rate (notes/s), (5) number of pulses per note

(pulses/note), (6) dominant frequency (defined as peak
frequency in Raven Pro v1.5), (7) lower and (8) upper
frequencies (kHz; defined as frequency 5% and frequency
95% in Raven Pro 1.5, respectively), (9) 5%–95% frequency
bandwidth (kHz), and (10) rise time (%, defined as peak time
relative in Raven Pro 1.5). Sound parameters are presented
as the range (mean 6 standard deviation). The sound
graphics were prepared in R v4.0.1 (R Core Team 2020)
using the package Seewave v2.1.0 (Sueur et al. 2008), with
the spectrogram settings Hann window, 90% overlap, 256
samples resolution, and a color scale defined by 30 relative
dB.

Molecular Phylogenetics

We analyzed genetic samples from 20 specimens of the
new species and also from a recently available sample of
Brachycephalus darkside. For these samples, total DNA was
extracted from ethanol-preserved muscle or liver tissues
using DNeasy Tissue Kits (Qiagen Inc.). We performed
polymerase chain reactions (PCRs) for the amplification of
two fragments of the mitochondrial 16S rRNA gene (694 þ
521 base pairs [bp]), using two distinct pairs of primers:
12SM (GGCAAGTCGTAACATGGTAAG; Darst and Can-
natella 2004) and 16SA (ATGTTTTTGGTAAACAGGCG;
Palumbi et al. 1991), and 16SAR-L (CGCCTGTTTAT
CAAAAACAT) and 16SBR-H (CCGGTCTGAACTCAGAT
CACGT) (Palumbi et al. 1991). We carried out DNA
amplification in a 20-lL-volume reaction using each specific
pair of primers and PCR Master Mix (Taq Polymerase 0.05
U/lL, PCR reaction buffer with 4 mM MgCl2, 0.4 mM of
each dNTP; MBI Fermentas, USA). Thermocycling condi-
tions for amplification of 12SM-16SA began with denatur-
ation at 948C (3 min), followed by 35 cycles each of 1-min
denaturation at 948C, 1-min annealing at 528C, and 1-min
extension at 728C, followed by a single final 5-min extension
at 728C. The amplification of 16Sar-16Sbr began with
denaturation at 948C (3 min), followed by 37 cycles each
of 20-s denaturation at 948C, 20-s annealing at 508C, 45-s
extension at 688C, and a final step of 5-min at 688C. PCR
products were purified using Exonuclease and Shrimp
Alkaline Phosphatase (Affimetrix/USB, Thermo Fisher
Scientific). Samples were sequenced in both directions by
Macrogen Inc. (Seoul, Republic of Korea). Chromatograms
were manually inspected and the consensus sequences were
assembled with CodonCode Aligner v3.5 (Codon Code
Corp., Centerville, MA).

We complemented our sampling with sequences available
from GenBank, considering all known species within
Brachycephalus. Although we only sequenced 16S rRNA
fragments for the new species and B. darkside, we included
in our data set the sequences of two other mitochondrial
fragments: 12S rRNA (792 bp) and Cytochrome-b (694 bp),
aiming to have a better resolution in our topology. In total,
our data set included molecular data for 80 individuals, with
1–4 sequences for each of the 36 known species of
Brachycephalus. We also included Haddadus binotatus (to
root the trees) and Ischnocnema parva as the outgroup
taxon, based on their close phylogenetic relationships with
Brachycephalus (Heinicke et al. 2018). Newly generated
sequences were submitted to GenBank and the list of
material included in the molecular analysis is available in
Supplemental Table S1, available online.
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Sequences were aligned with MAFFT v7.402 (Katoh and
Standley 2013), using the Q-INS-i strategy that considers
RNA secondary structure (Katoh and Toh 2008) for the 12S
rRNA and 16S rRNA fragments, the default strategy for
Cytochrome-b, and default transition/transversion cost ratio
and gap opening penalty for all fragments. Alignments were
then concatenated using Sequence Matrix v1.0 (Vaidya et al.
2011), resulting in a final file of 2701 bp. We used
PartitionFinder v2.1.1 (Lanfear et al. 2017) to select the
optimal partition scheme and nucleotide substitution models
for each data block based on all search algorithms, linked
model of branch lengths, and the corrected Akaike
Information Criterion (AICc). For Cytochrome-b we con-
sidered each codon position as a possible partition. The best
model was GTRþIþG for all data blocks (16S rRNA, 12S
rRNA, and the tree independent partitions of Cytochrome-
b). Phylogenetic trees were then obtained using Bayesian
phylogenetic inference and maximum parsimony. We use
MrBayes v3.2.6. (Ronquist et al. 2012), implemented in the
online CIPRES Science Gateway Portal (Miller et al. 2010),
for running two independent runs, of four chains for 100
million generations, sampling each 10,000 generations, and
discarding 25% of trees as burn-in. We assumed conver-
gence by checking the standard deviation of split frequencies
(P , 0.01) and the estimated sample sizes of parameters
(ESS . 200) in Tracer v1.6 (Rambaut et al. 2014). The
remaining trees were summarized in a majority-rule
consensus tree and used to calculate the Bayesian posterior
probabilities (BPP), as the node support values. For the
maximum parsimony we used TNT v1.5 (Goloboff and
Catalano 2016) with the New Technology search option,
search level 50, sectorial searches, tree drift, and tree fusing
included, hitting the best length 100 times. We estimated the
jackknife absolute frequency (Farris et al. 1996) with 1000
replicates using New Technology search, driven searches,
and checking level every 10 hits in the strict consensus tree.
We plotted both the BPP and the jackknife absolute
frequencies the in the 50% majority-rule consensus tree
resulting from the Bayesian analysis. Topology was edited
using FigTree v1.4.3 (Rambaut 2016). Additionally, we
calculated the uncorrected pairwise genetic distances (p-
distance) among individuals of the new species and related
congeners, considering the concatenated sequences of 16S
rRNA. The number of base differences between sequences
was calculated considering 331 sites, after the complete
deletion of gaps, and ambiguous sites/missing data, using
Mega X (Kumar et al. 2018; Stecher et al. 2020).

SPECIES DESCRIPTION

Brachycephalus ibitinga sp. nov.
(Table 1; Figs. 1–6)

Brachycephalus cf. nodoterga: Pie et al. (2013:167), in part
Brachycephalus sp.: Trevine et al. (2014:129), in part;

Bornschein et al. (2019a:16), in part
Brachycephalus sp. 4: Condez et al. (2020:671), in part

Holotype.—CFBH 44449, adult male, collected at Trilha
do Mirante, Parque das Neblinas, municipality of Bertioga,
state of São Paulo, Brazil (23844031 00S, 46808020 00W, 750 m
a.s.l.), on 12 December 2017, by T.H. Condez, J.P.C.
Monteiro, E.C. Nardin, and M.T.T. Santos (Figs. 1, 2).

Paratopotypes.—CFBH 44451 and 44452, adult males,
CFBH 44448 and 44450 adult females, collected with the
holotype.

Paratypes.—MZUSP 135753, cleared and double-stained
adult male, collected on 24 September 2005 by R.S.
Cordeiro, B.V.M. Berneck, and M.V. Segalla; UFMG 0007,
adult male, collected on 12 October 2009 by P.C.A. Garcia,
J. Thompson, P.P.G. Taucce, and B. Fehlberg; UFMG
21557 and 21558, adult females, collected, respectively, on 3
November 2006, by P.C.A. Garcia and M. Forlani, and 1
November 2005, by P.C.A. Garcia, all at Parque das
Neblinas, municipality of Bertioga, state of São Paulo, Brazil
(23844049 00S, 46807042 00W, 790 m a.s.l.). MZUSP 136870,
adult male, and MZUSP 136871, adult female, collected on 9
December 2005, by P.C.A. Garcia; MZUSP 136872, adult
female and 136873 juvenile, collected respectively on 14

TABLE 1.—Measurements in millimeters of the adults included in the
type series of Brachycephalus ibitinga sp. nov.a

Females (n ¼ 15) Males (n ¼ 10)

Mean SD Range Mean SD Range

SVL 14.6 1.0 13.1–16.9 12.2 0.4 11.5–12.7
HL 3.4 0.2 3.0–3.7 3.0 0.1 2.8–3.2
HW 4.3 0.2 3.8–4.6 3.8 0.1 3.6–4.0
ND 0.5 0.0 0.4–0.5 0.4 0.0 0.4–0.5
IND 1.9 0.1 1.7–2.1 1.7 0.0 1.6–1.7
ED 1.6 0.1 1.5–1.8 1.5 0.1 1.3–1.6
IOD 3.2 0.2 2.8–3.6 2.8 0.1 2.7–3.0
END 1.0 0.1 0.9–1.2 0.9 0.0 0.9–1.0
THL 5.9 0.3 5.3–6.4 5.2 0.2 4.9–5.7
TBL 5.3 0.4 4.5–5.9 4.6 0.2 4.3–4.9
FL 8.2 0.6 7.2–9.2 7.2 0.4 6.4–7.7
UAL 2.7 0.2 2.3–3.1 2.4 0.1 2.3–2.6
FAL 3.3 0.3 2.7–3.6 2.8 0.2 2.6–3.1
HAL 2.9 0.1 2.6–3.1 2.5 0.2 2.2–2.9

a SVL (snout–vent length); HL (head length; from the tip of snout to the angle of the jaw); HW
(head width; greatest width of head located between the angle of the jaw); ND (nostril diameter);
IND (internostril distance; between inner margins of nostrils); ED (eye diameter); IOD (interorbital
distance; between anterior corners of eyes); END (eye–nostril distance; from the anterior corner of
the eye to posterior margin of the nostril); THL (thigh length); TBL (tibia length); FL (foot and tarsus
length; from the longest toe to the plantar plus tarsus length); UAL (upper arm length); FAL (forearm
length); and HAL (hand length; between the palmar and the longest finger).

FIG. 1.—Brachycephalus ibitinga sp. nov. in life (CFBH 44449; adult
male; holotype). Photo by T.H. Condez. A color version of this figure is
available online.
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December 2004, and 24 February 2005, by S.E.X.F. Souza;
MZUSP 136877 and 136879 adult females, MZUSP 136874–
136876, and 136878, juveniles, collected on 19 November
2005, by C.O.R. Costa and collaborators, all at Parque das
Neblinas, municipality of Bertioga, state of São Paulo, Brazil
(23843 060 00S, 46808 060 00W, 740 m a.s.l.). CFBH 27188,
cleared and double-stained adult male, CFBH 27189 and
27190, adult males, CFBH 27187, adult female, collected at
Parque Natural Municipal das Nascentes de Paranapiacaba,

municipality of Santo André, state of São Paulo, Brazil
(23846046 00S, 46817042 00W, 920 m a.s.l.), on 20 October 2010,
by V.C. Trevine and T.H. Condez. CFBH 28168, adult
female, collected at Parque Natural Municipal das Nascentes
de Paranapiacaba, municipality of Santo André, state of São
Paulo, Brazil (23846055 00S, 46817042 00W, 975 m a.s.l.), on 16
October 2010, by V.C. Trevine and T.H. Condez. Four adult
females CFBH 28206 (collected on 24 February 2010),
CFBH 28207 (collected on 4 December 2009), CFBH 28208

FIG. 2.—Brachycephalus ibitinga sp. nov. in preservative (CFBH 44449; adult male; holotype). Dorsal view of the body (A); ventral view of the body (B);
lateral view of the head (C); frontal view of the head (D); ventral view of the left hand (E); and ventral view of the left foot (F). Scale bars ¼ 1 mm. A color
version of this figure is available online.
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FIG. 3.—Osteological images of Brachycephalus ibitinga sp. nov. obtained from high-resolution microtomography (CFBH 42337; adult male). Skeleton in
dorsal (A) and ventral (B) views, with the ornamented dermal bones represented by the spinal and paravertebral plates (in red); pectoral girdle in ventral
view (C), showing the sternum (in red); skull in (D) dorsal, (E) ventral, and (F) lateral views, with the dermal bones represented by the ornamented skull and
parotic plates (in red); skull in frontal view (G), with premaxillae and septomaxillae (in red). Nomenclature for additional bone elements follows Campos et
al. (2011). Scale bars ¼ 1 mm. A color version of this figure is available online.

181CONDEZ ET AL.—A NEW HYPEROSSIFIED BRACHYCEPHALUS



(collected on 6 December 2009), CFBH 28209 (collected on
6 November 2009), and a juvenile CFBH 28210 (collected
on 5 May 2010), at Parque Natural Municipal das Nascentes
de Paranapiacaba, municipality of Santo André, state of São

Paulo, Brazil (23846055 00S, 46817042 00W, 975 m a.s.l.) by V.C.
Trevine and collaborators. CFBH 37864, adult female,
collected at Parque Natural Municipal das Nascentes de
Paranapiacaba, municipality of Santo André, state of São

FIG. 4.—Details of the hyoid plate (A), pectoral girdle (B), left hand (C), and right foot (D) of Brachycephalus ibitinga sp. nov. obtained from pictures of
a cleared and double-stained specimen (MZUSP 135743; adult male). Bones in gray, cartilage in blue. Scale bars ¼ 1 mm. A color version of this figure is
available online.
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FIG. 5.—Advertisement and aggressive calls of Brachycephalus ibitinga sp. nov. (A) Oscillogram of six advertisement calls (unvouchered; recording
CBUFMG 1077); detailed spectrograms (above) and oscillograms (below) of a single advertisement call from (B) the type locality (unvouchered; recording
CBUFMG 1077) and (C) from the municipality of Santo André (CFBH 42337; recording ML 273937); (D) oscillogram of nine aggressive calls; detailed
spectrogram (above) and oscillogram (bellow) of (E) the composite aggressive call and (F) the single aggressive call (unvouchered; recording CBUFMG
1078). A color version of this figure is available online.
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Paulo, Brazil (23846041 00S, 46817039 00W, 912 m a.s.l.), on 28
February 2011, by V.C. Trevine, P. Machado, B.V.M.
Berneck, and C.S. Cassini. CFBH 42337, adult male,
collected at Picada Washington Luı́s, Reserva Biológica do
Alto da Serra de Paranapiacaba (REBio Paranapiacaba),
municipality of Santo André, state of São Paulo, Brazil
(23846053 00S, 46818048 00W, 780 m a.s.l.), on 4 October 2017,
by F. Schunck and K.E. Rodrigues.

Referred specimens.—CFBH 19348, adult female,
collected at Parque Estadual da Serra do Mar, Núcleo
Curucutu, municipality of Itanhaém, state of São Paulo,
Brazil (24800 036 00S, 46846 057 00W, 720 m a.s.l.), on 17
November 2007, by L.R. Malagoli, F. Schunck, and A.S.
Monteiro. CFBH 25809 and 25816, adult females, collected
at Parque Estadual da Serra do Mar, Núcleo Curucutu,
municipality of Itanhaém, state of São Paulo, Brazil
(24800036 00S, 46846057 00W, 720 m a.s.l.), respectively on 11
and 12 January 2009, by L.R. Malagoli and F. Schunck.
CFBH 32311, adult female, collected at Parque Estadual da
Serra do Mar, Núcleo Curucutu, municipality of Juquitiba,
state of São Paulo, Brazil (24802007 00S, 46855045 00W, 750 m
a.s.l.), on 7 December 2010, by L.R. Malagoli and F.
Schunck. CFBH 44436, adult male, collected at Parque
Estadual da Serra do Mar, Núcleo Itutinga-Pilões, munic-
ipality of São Vicente, state of São Paulo, Brazil (23858056 00S,
46835035 00W, 800 m a.s.l.), on 2 December 2015, by L.R.
Malagoli, D. Baêta, and F. Schunck. CFBH 44437 and
44438, juveniles, collected at Caminhos do Mar, Parque
Estadual da Serra do Mar, Núcleo Itutinga-Pilões, munic-
ipality of São Bernardo do Campo, state of São Paulo, Brazil
(23851023 00S, 46827027 00W, 753 m a.s.l.), on 11 January 2017,
by L.R. Malagoli and B. Rocha. CFBH 38013, adult male,
collected at Pousada dos Pescadores, municipality of São
Bernardo do Campo, state of São Paulo, Brazil (23848028 00S,
46828054 00W, 770 m a.s.l.), on 24 September 2014, by L.B.S.
Arruba. CFBH 11623, adult female, collected at Parque
Natural Municipal Varginha, Peninsula do Bororé, left bank
of the Represa Billings, municipality of São Paulo, state of
São Paulo, Brazil (23847049 00S, 46840017 00W, 795 m a.s.l.), on
31 March 2006, by L.R. Malagoli. MNRJ 42873, juvenile,
collected at Alto da Serra de Cubatão, state of São Paulo,
Brazil (nongeoreferenced data), on 31 October 1940, by B.
Lutz and J. Venâncio. MZUSP 8858, sex undetermined,
collected at REBio Paranapiacaba, municipality of Santo
André, state of São Paulo, Brazil (nongeoreferenced data),
on 10 October 1951, by P.E. Vanzolini and W.C.A.
Bokermann. MZUSP 93350 and 93351, sex undetermined,
collected at Paranapiacaba, state of São Paulo, Brazil
(nongeoreferenced data), on 25–26 January 1997, by P.
Rocha and Casari. Ten specimens, sex undetermined,
MZUSP 143856–143858 (collected on 15 September 2009,
by P. Bernardo and collaborators), MZUSP 143859–143862
(collected on 11 December 2010 to 6 November 2010, by
V.C. Trevine), MZUSP 143863–143865 (collected on 6–7
December 2009, by P. Bernardo), at Parque Natural
Municipal das Nascentes de Paranapiacaba, municipality of
Santo André, state of São Paulo, Brazil (23846 010 00S,
46817005 00W, 940 m a.s.l.). MNRJ 25367, juvenile, collected
at Paranapiacaba, state of São Paulo, Brazil (nongeorefer-
enced data), on October 1983, by A.J. Cardoso and C.F.B.
Haddad.

Diagnosis.—The new species is distinguished from all of
its congeners by the combination of the following characters:
(1) presence of cranial and postcranial ornamented bone
plates; (2) parotic plates covering the squamosal and pro-
otics, and also the auditory capsule in lateral view; (3)
paravertebral plates heavily developed and ornamented,
forming the dorsal bone shield; (4) small body size in adult
males (11.5–12.7 mm of SVL; in average 12.2 6 0.4 mm); (5)
parotic and paravertebral bone plates externally bordered
with a rough pale contour; (6) paravertebral plates slightly
convex with rounded lateral edges and not expanded to the
lateral surface of the body; (7) transverse processes of
vertebrae IV and V distally fused and associated to
paravertebral plates; (8) absence of small dotted osteoderms;
(9) discrete spinal plates along the main spinal axis; (10)
fingertip I pointed, II and III arrow-shaped, and IV reduced
and rounded; (11) toetips I and V with small terminal
phalangeal elements rounded in shape, toetip II pointed, and
toetips III and IV arrow-shaped; (12) deep hyoglossal sinus
and absence of postero-lateral processes at the hyoid plate;
and (13) advertisement call characterized by one note
repeated in sequence, commonly comprised of 8–12 pulses.

Comparisons.—The presence of cranial and postcranial
ornamented bone plates distinguishes the new species from
the species lacking these traits: Brachycephalus actaeus
(Monteiro et al. 2018a), Brachycephalus albolineatus (Born-
schein et al. 2016), Brachycephalus auroguttatus (Ribeiro et
al. 2015), Brachycephalus boticario (Ribeiro et al. 2015),
Brachycephalus brunneus (Ribeiro et al. 2005), Brachyce-
phalus coloratus (Ribeiro et al. 2017), Brachycephalus
curupira (Ribeiro et al. 2017), B. didactylus (Izecksohn
1971), Brachycephalus ferruginus (Alves et al. 2006),
Brachycephalus fuscolineatus (Ribeiro et al. 2015), Brachy-
cephalus hermogenesi (Giaretta and Sawaya 1998), Brachy-
cephalus izecksohni (Ribeiro et al. 2005), Brachycephalus
leopardus (Ribeiro et al. 2015), Brachycephalus mariaeter-
ezae (Ribeiro et al. 2015), Brachycephalus mirissimus (Pie et
al. 2018), Brachycephalus olivaceus (Ribeiro et al. 2015),
Brachycephalus pernix (Pombal et al. 1998), Brachycephalus
pombali (Alves et al. 2006), B. pulex (Napoli et al. 2011),
Brachycephalus quiririensis (Pie and Ribeiro 2015), B.
sulfuratus (Condez et al. 2016), Brachycephalus tridactylus
(Garey et al. 2012), and Brachycephalus verrucosus (Ribeiro
et al. 2015). The parotic plates, covering the squamosal and
pro-otics, and also the auditory capsule in lateral view,
distinguishes the new species from other species that have
relatively small parotic plates (in which the plates do not
cover the articulation between squamosal and pro-otics, and
also the auditory capsule): B. alipioi (Pombal and Gasparini
2006), B. atelopoide (Miranda-Ribeiro 1920), B. bufonoides
(Folly et al. 2020), B. crispus (Condez et al. 2014; see the
specimen identified as Brachycephalus sp. 3 in Campos et al.
2010), B. guarani (Clemente-Carvalho et al. 2012), B.
nodoterga (Miranda-Ribeiro 1920; see the specimen identi-
fied as Brachycephalus sp. 1 in Campos et al. 2010), B.
pitanga (Alves et al. 2009; see the specimen identified as
Brachycephalus sp. 2 in Campos et al. 2010), B. toby
(Haddad et al. 2010), and B. vertebralis (Pombal 2001;
Campos et al. 2010). Additionally, in B. ibitinga sp. nov. the
dorsal bone shield formed by the paravertebral plates is
heavily developed and ornamented, differing from B. alipioi,
B. atelopoide, B. bufonoides, B. crispus, B. guarani, B.
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nodoterga, B. pitanga, B. toby, and B. vertebralis, in which it
is absent. Considering the group of species with the bone
shield, the small body size in adult males (SVL ¼ 11.5–12.7
mm; mean 12.2 6 0.4 mm) distinguish the new species from
B. margaritatus (described as a large species within the
genus; SVL ¼ 15.0–18.9 mm, adult males mean ¼ 14.5 mm;
Pombal and Izecksohn 2011; Condez et al. 2020), B.
darkside (SVL ¼ 14.8–18.5 mm, and the holotype, an adult
male exhibits 17.9 mm; Guimarães et al. 2017), B. garbeanus
(SVL ¼ 14.3–17.3 mm, adult males mean ¼ 15.2 mm;
Pombal 2010, Condez et al. 2020), and B. ephippium (SVL ¼
13.0–22.0 mm, adult males mean ¼ 14.8 mm; Condez et al.
2020). The parotic and paravertebral bone plates externally
bordered with a rough pale contour distinguishes the new
species from B. darkside, B. ephippium, B. garbeanus, and
B. margaritatus in which the borders of the bone plates are
not ornamented. The paravertebral plates slightly convex
with rounded lateral edges and not expanded to the lateral
surface of the body, also distinguish the new species from B.
garbeanus and B. margaritatus. In B. garbeanus the
paravertebral plates are large, and its lateral edges pointed
and curved ventrally (Pombal 2010), and in B. margaritatus
the lateral edges are curved ventrally (Pombal and Izecksohn
2011). Additionally, the transverse processes of vertebrae IV
and V fused and associated to paravertebral plates in the new
species is distinct from the condition of B. garbeanus, in
which the transverse processes of vertebrae IV–VII are fused
and associated to the larger paravertebral plates (see the
specimen identified as B. ephippium from Nova Friburgo,
RJ, in Campos et al. 2010). The absence of small dotted
osteoderms distinguishes the new species from B. margar-

itatus, in which the dorsal skin exhibits well-developed and
sparse dotted osteoderms (Pombal and Izecksohn 2011;
Condez et al. 2014). The discrete spinal plates along the
main spinal axis distinguish the new species from B.
darkside, in which the ornamentation on vertebrae VII and
VIII are well developed and clearly visible externally
(Guimarães et al. 2017). The tips of the terminal phalangeal
elements of fingers and toes in the new species (fingertip I
pointed, II and III arrow-shaped, and IV reduced and
rounded; toetips I and V with small terminal phalangeal
elements rounded in shape, toetip II pointed, and toetips III
and IV arrow-shaped) distinguishes the new species from B.
ephippium (fingertips I and IV pointed; toetip I with
terminal phalangeal element small and rounded in shape,
toetips II–IV arrow-shaped, and V pointed; Campos et al.
2010); and also from B. darkside (fingertips I–IV and toetip
II arrow-shaped; Guimarães et al. 2017). The deep
hyoglossal sinus and the absence of posterolateral processes
at the hyoid plate also distinguish the new species from B.
ephippium (posterolateral processes much reduced; Trewa-
vas 1932), and from B. garbeanus (shallower hyoglossal sinus
and alary and posterolateral processes about the same size;
this study). Finally, the main structure of the advertisement
call of the new species, characterized by one note repeated
in sequence, commonly comprised of 8–12 pulses, distin-
guishes it from the advertisement call of B. actaeus, B.
albolineatus, B. hermogenesi, B. mirissimus, B. olivaceus, B.
pernix, B. quiririensis, and B. tridactylus (in which the
number of pulses per notes varies from 1 to 4; Bornschein et
al. 2018; Monteiro et al. 2018a,b; Pie et al. 2018; Bornschein
et al. 2019b), and also from B. darkside (notes comprised of

FIG. 6.—Variation of Brachycephalus ibitinga sp. nov. in life. CFBH 44450, adult female, Parque das Neblinas, municipality of Bertioga (A); CFBH
42337, adult male, Reserva Biológica de Paranapiacaba, municipality of Santo André (B); CFBH 28209, adult female, Parque Natural Municipal das
Nascentes de Paranapiacaba, municipality of Santo André (C); CFBH 44436, adult male, Parque Estadual da Serra do Mar, Núcleo Itutinga-Pilões,
municipality of São Vicente (D); CFBH 32311, adult female, Parque Estadual da Serra do Mar, Núcleo Curucutu, municipality of Juquitiba (E); CFBH
19348, adult female, Parque Estadual da Serra do Mar, Núcleo Curucutu, municipality of Itanhaém (F). Photos (A)–(C) by T.H. Condez; photos (D)–(F) by
L.R. Malagoli.
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6–8 pulses; Guimarães et al. 2017). Additionally, the
dominant frequency of the advertisement call ranging from
4.0 to 4.3 kHz (in average 4.1 6 0.06) in new species is also
distinct from the described for B. darkside: 2.8–3.7 kHz (in
average 3.4 6 1.8; Guimarães et al. 2017) and B. sulfuratus:
6.2–7.2 kHz (in average 6.7 6 0.3 kHz; Condez et al. 2016).

Description of holotype.—Adult male, SVL ¼ 12.5 mm,
body robust, bufoniform; head wider than long (HL/HW ¼
0.72); head length is 23% of SVL; snout short, rounded in
dorsal, ventral, and lateral views (Fig. 2A–E). Nostril slightly
protuberant and anterolaterally directed; canthus rostralis
indistinct; loreal region slightly concave; eye protruding
laterally and dorsally; eye diameter 48% of head length;
tympanic annulus absent; lips nearly sigmoid (Fig. 2C,D).
Vocal sac not expanded externally; vocal slits present; tongue
longer than wide, with the posterior half not adherent to
floor of mouth; vomerine teeth absent; choanae small and
ovoid, anterior to eyes. A cranial ornamented bone plate, the
parotic plate, is externally visible from the tip of the snout to
the end of the skull, being expanded laterally. In lateral view,
this plate is large and rounded, about the same size of the
eye; parotic plate length does not trespass the inferior border
of the eye (Fig. 2C). Dorsum covered by ornamented
postcranial bone plates. The spinal plates in the main
vertebral axis are represented by discrete rounded-shaped
ornamentation; paravertebral plates are heavily developed
and ornamented, forming the dorsal bone shield that is
observed medially as a narrowed and distally expanded
structure; bone shield is wider than longer (width 4.3 mm
and length 2.3 mm), representing 18% of the SVL (Fig. 2A).
Arm and forearm moderately slender; hand with fingers I
and IV reduced; finger II short but distinct; finger III large
and robust; fingertips I and IV rounded, fingertips II and III
pointed; finger lengths IV , I , II , III; subarticular
tubercles absent; inner and outer metacarpal tubercles
absent (Fig. 2E). Leg relatively short, moderately robust;
thigh length 38% of SVL; tibia length 82% of thigh length;
foot with toes I and V reduced; toe II short and distinct; toes
III and IV large and robust; toe lengths I , V , II , III ,
IV; tips of toes I, II, III, and V rounded, tip of toe IV pointed;
subarticular tubercles absent; inner and outer metatarsal
tubercles absent (Fig. 2F). General dorsum smooth, except
for the rough top of the head and bone shield, clearly distinct
due to the ornamented surface of skull and postcranial plates
(Fig. 2A). Skin on arm, leg, dorsum, and venter with small
granules; lateral surface of the belly and area around the
cloacal opening slightly rough (Fig. 2B).

Measurements of holotype (in mm).—SVL 12.5; HL
2.9; HW 4.0; ND 0.4; IND 1.7; ED 1.4; IOD 2.9; END 1.0;
THL 5.7; TBL 4.7; FL 7.5; AL 2.6; FAL 2.9; HAL 2.4.

Color of holotype in life and preservative.—In life,
general background color orange, dorsum covered by
brownish blotches; cranial and postcranial bone plates
bordered with a pale contour, almost white; medial skull
and paravertebral plates greenish and slightly darker than
the overall body color; iris black (Fig. 1). In preservative,
general background body color is cream; dorsum covered by
dark brown blotches; cranial and postcranial bone plates
grayish (Fig. 2).

Osteology.—The cleared and double-stained and micro
CT scanned specimens revealed that Brachycephalus
ibitinga sp. nov. has ornamented dermal bones in skull

and vertebral column (Fig. 3). Skull bones completely
ornamented; nasals, sphenethmoid, frontoparietals, pro-
otics, and exoccipitals fused (Fig. 3D,E). Nasal sculptured;
the process maxillaris of the nasal in contact with the
preorbital process of the maxilla (Fig. 3F,G). Cranial
ornamentation expanded laterally composing the parotic
plates; the plates cover the squamosal, pro-otics, and also the
auditory capsule (Fig. 3F). Premaxillae broad, fused
medially; alary processes of premaxillae distinct and widely
separated from each other, being longer than larger, slightly
separated from the nasal (Fig. 3G). Maxillae arched,
odontoids absent. Septomaxillae are cylindrical paired bones
in L shape, fused at the maxillae (Fig. 3G). Squamosal
elongated in lateral view; anterior zygomatic ramus very
reduced, not ornamented; posterior optic ramus not
ornamented and partially allocated behind the parotic plate
(Fig. 3F). In lateral view, quadratojugal absent; pterygoid
elongated and not in contact with the maxillary arch (Fig.
3F). In ventral view, parasphenoid and sphenethmoid fused
and robust; palatine absent; vomers fused, dentigerous
process absent (Fig. 3E). Tympanic annulus absent; fenestra
ovalis completely covered by the operculum; operculum
circular and cartilaginous, bearing small bony processes. We
were not able to identify the collumela. Mandible edentate;
paired mentomekelian bones clearly separated from each
other and fused to dentary; posterior end of angulosplenial
bones expanded. Hyoid plate longer than wide, lateral
slightly concave; alary processes reduced, posterolateral
processes absent (Fig. 4A). Hyale projections long and
curved in the posterior end; anterior processes of hyale long
and straight, slightly expanded on its distal half; anterior
processes of hyale about the same size of hyoid plate,
forming a deep hyoglossal sinus. Posteromedial processes of
the hyoid cylindrical and completely mineralized. Pectoral
girdle arciferal and robust (Fig. 3C); procoracoid and
epicoracoid fused with clavicle, coracoid, and scapula;
clavicle separated from the coracoid by an ovoid fenestra;
epicoracoid cartilaginous (Fig. 4B); cartilaginous omoster-
num undistinguishable; reduced cartilaginous sternum with
the distal portion calcified (Fig. 4B); supraescapula expand-
ed, its anterior half ossified as cleithrum. Vertebral column
well developed and ornamented with dermal bones, covered
by small spinal plates associated to the dorsal main vertebral
axis, and large paravertebral plates, associated to the
transverse processes of vertebrae (Fig. 3A,B). Eight presa-
cral and nonimbricate vertebrae form the vertebral column;
in ventral view, presacral vertebrae IV and V fused. First
presacral vertebra with transverse processes indistinguish-
able; presacral vertebrae II and VI–VIII with slender
unornamented transverse processes; extremities of trans-
verse processes of vertebra III expanded but not forked;
transverse processes of vertebrae IV and V associated to the
paravertebral plates; lengths of transverse processes of
presacrals: VIII ~ VII , VI , II , V , IV , III (Fig.
3B). Two trapezoidal and large paravertebral plates,
disposed at each side of the vertebral column, compose the
conspicuous dorsal bone shield (Fig. 3A); the paravertebral
plates are heavily developed and ornamented, and cover
completely the transverse processes of vertebrae IV–VII, and
partially the transverse processes of vertebrae III; paraver-
tebral plates are slightly convex, but not expanded to the
lateral surface of the body; lateral edges rounded. In dorsal
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view, spinal plates in vertebrae I and II resemble together a
triangle-shaped ornamentation not clearly distinguished
externally; in vertebra III the spinal process joints the
paravertebral plates; the paravertebral plates cover the spinal
processes of vertebrae IV–VI; vertebrae VII and VIII have
discrete ornamentation, not visible externally. Sacral di-
apophyses expanded; urostyle length slightly larger than the
set of presacral vertebrae. Humerus about the same size of
forearm; radius and ulna completely fused but distinguish-
able (Fig. 3A). Manus with radiale and ulnare about the
same size; distal carpals (II–IV) fused; a large element y; a
single prepollical element present; palmar sesamoid ele-
ments present; phalangeal formula 1–2–3–1; tip of the
terminal phalangeal element of finger I pointed, tips of
fingers II and III arrow-shaped, tip of the terminal
phalangeal element of finger IV reduced and rounded (Fig.
4C). Hindlimb with tibia and fibula completely fused but
distinguishable, forming the tibiafibula; tibiafibula and femur
about the same size; tibiale and fibulare fused at their distal
and proximal ends (medially not fused); a single sesamoid
element present in knee joint (Fig. 3A). Pes with distal tarsal
element I, II, III, and IV present and V absent; element y
and plantar sesamoid elements present. One very reduced
prehallical element; phalangeal formula 1–2–3–4–1; toes I
and V with small terminal phalangeal element rounded in
shape, tip of Toe II pointed, tips of toes III and IV arrow-
shaped (Fig. 4D).

Advertisement and aggressive calls.—One calling male
was recorded twice at Parque das Neblinas, municipality of
Bertioga, state of São Paulo, Brazil (23844049 00S, 46807042 00W,
790 m a.s.l.), on 25 October 2006, respectively 1043 h and
1110 h, air temperature 198C (unvouchered, recordings
CBUFMG 1077–1078). A second calling male was recorded
at Reserva Biológica do Alto da Serra de Paranapiacaba
(23846053 00S, 46818048 00W, 780 m a.s.l.), municipality of Santo
André, state of São Paulo, Brazil, on 4 October 2017, 0720 h,
air temperature 218C, air relative humidity 100%, weather
with windy conditions (voucher specimen CFBH 42337,
recording ML 273937; https://macaulaylibrary.org/asset/
273937). Recordings from the type locality have 80
advertisement calls and 93 aggressive calls (sensu Toledo
et al. 2015), whereas the recording from the municipality of
Santo André only has 37 advertisement calls. We evaluated
the best calls for the advertisement call description, so it was
based on 25 calls from the first recording and 23 from the
second recording (n ¼ 48). The advertisement call of
Brachycephalus ibitinga sp. nov. is characterized by one
note repeated in sequence, at a rate of 1.85 notes/s (n ¼ 48;
Fig. 5A). Both recorded males repeated the call several times
uninterrupted, evidencing a long calling activity. The call (or
note) lasts 0.18–0.25 s (0.22 6 0.02; n ¼ 48) and the intercall
(or internote) interval is 0.28–0.37 s (0.32 6 0.03; n ¼ 46;
Fig. 5B,C). Notes are comprised of 8–12 pulses (10 6 1; n ¼
48; Fig. 5B,C). The notes in the advertisement call from the
type locality exhibit increasing amplitude modulations (Fig.
5B), which was not observed in the advertisement call from
the municipality of Santo André (Fig. 5C). The lower
frequency is 3.0–3.9 kHz (3.7 6 0.20; n ¼ 48), the upper
frequency is 6.0–7.7 kHz (7.0 6 0.55; n ¼ 48), and the
dominant frequency is 4.0–4.3 kHz (4.1 6 0.06; n ¼ 48; Fig.
5B, C). Most of the energy (90%) is concentrated within 1.1–
4.7 kHz (2.4 6 1.41; n ¼ 48) and the highest energy

concentration throughout the entire call was variable, with
rise time ranging from 2% to 71% of call length (39 6 19; n
¼ 48; Fig. 5B,C). Except for the temporal parameters, the
general structure of the advertisement calls of B. ibitinga sp.
nov. overlaps those described for B. crispus and B. pitanga
(Condez et al. 2014; Oliveira and Haddad 2017).

We identified two distinct aggressive calls in Brachyce-
phalus ibitinga sp. nov. (Fig. 5D). The first call, composed
by Note A and Note B, lasts 0.22–0.29 s (0.25 6 0.02; n ¼
25). When repeated in sequence the repetition rate is 0.33
calls/s (n ¼ 10). Note A is comprised of 5–6 pulses (6 6 0; n
¼ 25), lasts 0.08–0.14 s (0.11 6 0.02; n ¼ 25), and exhibits
increasing amplitude modulations (Fig. 5E). Its lower
frequency is 3.6–3.9 kHz (3.7 6 0.06; n ¼ 25), the upper
frequency is 5.4–7.7 kHz (7.1 6 0.68; n ¼ 25), and the
dominant frequency is 3.9–4.3 kHz (4.0 6 0.09; n ¼ 25).
Note B is comprised of 4–7 pulses (6 6 1; n ¼ 25), lasts
0.08–0.14 s (0.11 6 0.01; n ¼ 25), and exhibits decreasing
amplitude modulations (Fig. 5E). Its lower frequency is 3.8–
4.0 kHz (3.9 6 0.04; n ¼ 25), the upper frequency is 5.4–7.8
kHz (6.8 6 0.75; n ¼ 25), and the dominant frequency is
3.9–4.4 kHz (4.1 6 0.11; n ¼ 25). The internote interval is
0.01–0.05 s (0.03 6 0.01; n ¼ 25; Fig. 5E). The second call is
characterized by a single note (note C) and lasts 0.02–0.12 s
(0.09 6 0.02; n ¼ 50). The note C is comprised of 1–7 pulses
(4 6 1; n ¼ 50), the lower frequency is 3.6–4.0 kHz (3.9 6
0.07; n ¼ 50), the upper frequency is 4.7–7.8 kHz (6.5 6
0.94; n ¼ 50), and the dominant frequency is 4.0–5.5 kHz
(4.3 6 0.23; n ¼ 50; Fig. 5F). This note (or call) repetition
rate is 0.22 calls/s (n ¼ 15). Our recordings suggest B.
ibitinga sp. nov. probably combine these calls in distinct
aggressive contexts. Definitely, the low intensity of the calls
and the cryptic activity of calling males, make recording this
species and studying natural history a challenge. Further
studies are necessary to investigate the social context of
aggressive calls.

Variation.—Type series of Brachycephalus ibitinga sp.
nov. is composed of 10 adult males, 15 adult females, and six
juveniles. Morphometric variation in adults is given in Table
1. In our sample, females are larger than males (mean SVL
of females ¼ 14.6 6 1.0 mm; mean SVL of males ¼ 12.2 6
0.4 mm, Welch’s t-test t ¼ 7.8, df ¼ 18.9, P , 0.01). We
found no significant variation in body size across the
geographic range of the new species. The greatest variation
in B. ibitinga sp. nov. refers to the general body color, in
which the background color varies from completely orange
(Fig. 6A) to predominantly yellow (Fig. 6F). Additionally, the
distinctiveness of the bone ornamentation, externally re-
vealed by the color, size, and shape of cranial and postcranial
bone plates, also contributes to the variation in the new
species. The parotic and paravertebral bone plates of B.
ibitinga sp. nov. are always bordered with a pale contour,
while the color contrast with the background varies. The
bone plates can be similar to the background color (Fig.
6A,C), or contrast in dark brown and green (Fig. 6B,D–F).
The combination of the background and the bone plates
colors are responsible for the general brownish (Fig. 6B),
pallid (Fig. 6D), or greenish (Fig. 6E) aspect of some
specimens. According to Campos et al. (2010), bone
ornamentation is defined considering the amount of
mineralized spicules in cranial and postcranial bones that
project to the dermis, a process related to heterochrony
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(Trueb and Alberch 1985). The size and shape of cranial and
postcranial bone plates are variable ontogenetically in the
new species, similar to what was described for B. ephippium
(Campos et al. 2010). The parotic and paravertebral plates of
juveniles are poorly developed, smaller, or less distinct than
observed in the adult specimens.

Etymology.—The specific epithet ibitinga is a Portu-
guese noun derived from the indigenous Tupi-Guarani
words yby þ tinga. These words mean respectively ‘‘land’’
and ‘‘white,’’ which together compose a name applied to
describe the fog, or mist condition characteristic from the
mountains at the Atlantic Forest, where the new species
occurs. In Portuguese, the translation for this weather
condition is ‘‘Neblina’’: the whitish perception and limited
visibility typically caused by fine water droplets suspended in
the atmosphere. The type locality ‘‘Parque das Neblinas’’ is
also named after this atmospheric condition.

Natural history.—Brachycephalus ibitinga sp. nov. is a
ground-dwelling species, living amidst the leaf-litter in
preserved Dense Ombrophilous Atlantic Forest remnants.
Individuals are rarely observed walking on the leaf-litter,
being usually found during the day, underneath tangled
roots, below fallen trunks, inside fallen bromeliads and other
ground shelters, or directly sitting on the ground under deep
layers of leaf litter. Males are not exposed during the calling
activity, which is diurnal and concentrated in cloudy and
rainy days with temperatures around 208C during the rainy
season (from September to March). In September 2009 an
amplected pair was found hidden under the leaf litter at the
municipality of Santo André.

Geographic distribution.—Brachycephalus ibitinga sp.
nov. is known from distinct localities at the Serra do Mar
mountain range, including the regionally named Serra de
Paranapiacaba, in the central coast of the state of São Paulo,
southeastern Brazil (Fig. 7). Its occurrence extends from the
escarpments through the continental Atlantic Plateau in
moderate to high elevation areas (from 700 to 1000 m a.s.l.),
at the municipalities of Bertioga, Cubatão, Itanhaém,
Juquitiba, Santo André, São Bernardo do Campo, São Paulo,
and São Vicente. From the type locality, at the municipality
of Bertioga, the occurrence of B. ibitinga sp. nov. extends
about 90 km southward, to the municipality of Juquitiba.
Populations of the new species were mostly found inside
legally protected areas at the Atlantic Forest domain.
However, the geographic range of the new species
encompasses the southern borders of São Paulo, the largest
and most populous city of South America. Together with São
Paulo, the municipalities of Santo André, São Bernardo, and
Juquitiba, where the new species occurs, are included in the
São Paulo metropolitan region, which currently harbors
more than 21.5 million people (IBGE 2018). Additionally,
the municipalities of Bertioga, Cubatão, Itanhaém, and São
Vicente are also part of the Baixada Santista metropolitan
region (which currently harbors 1.8 million people; IBGE
2018).

Molecular phylogenetics.—The new species was recov-
ered as a monophyletic and well-supported clade in both the
Bayesian phylogenetic inference and the maximum parsi-
mony reconstructions (BPP ¼ 1; jackknife absolute frequen-
cy ¼ 98; Fig. 8). Its position was recovered within the
extreme hyperossified species of pumpkin toadlets with bone
shield (Brachycephalus garbeanus, B. ephippium, B. dark-

side, and B. margaritatus). Additionally, our results confirm
the phylogenetic position of B. darkside within this clade. In
this hyperossified clade, B. ephippium from Vale da Revolta,
Parque Nacional da Serra dos Órgãos, and Reserva
Ecológica de Guapiaçu, state of Rio de Janeiro, were
paraphyletic with respect to other sampled populations of
the same species. We then attributed the name Brachyce-
phalus sp. (aff. ephippium) for the populations from Serra do
Japi (municipality of Jundiaı́), Serra do Itapeti (municipality
of Mogi das Cruzes), state of São Paulo, and Serra do
Alambari (municipality of Resende), state of Rio de Janeiro,
for further taxonomic evaluation (Fig. 8). According to our
results, the relationships between Brachycephalus sp. (aff.
ephippium), B. darkside, and B. margaritatus must be also
further investigated.

Based on the genetic distances for the partial 16S rRNA
gene the new species differs from Brachycephalus sp. (aff.
ephippium) by 2.2%, from B. margaritatus by 2.5%, from B.
darkside by 3.1%, from B. ephippium by 3.3%, and from B.
garbeanus by 4.5% (Table 2). The highest divergence within
the extreme hyperossified species of Brachycephalus is
found between B. garbeanus and all other species, except
B. margaritatus (5.7%–7.4%; Table 2). B. margaritatus only
differs 0.2% from Brachycephalus sp. (aff. ephippium), and
1.0% from B. darkside, which is equivalent to the observed
intraspecific divergences. The genetic divergence within the
populations of B. ibitinga sp. nov. varies from 0% to 1.5%,
similar to other species within this group (up to 1.2% in
specimens of B. garbeanus and 1.3% in specimens of
Brachycephalus sp. [aff. ephippium]; Table 2). The distance
between specimens of B. ibitinga sp. nov. from the
municipality of Santo André varies from 0% to 0.2%, and
specimens from the type locality vary from 0% to 1.1%.
Specimens from Bertioga and Santo André municipalities
also differ 0%–1.1%, and the geographic distance between
these localities do not exceed 17 km in a straight line. The
specimens from São Paulo and São Vicente municipalities
differ 0.6% from each other, and both populations essentially
differ from the other specimens examined in 0.2%–1.4%.
The specimens from Juquitiba differ 0.4%–1.2% from the
other specimens examined, and the highest genetic diver-
gence within B. ibitinga sp. nov. (1.5%) is found between
the type specimens and the specimens from Itanhaém
municipality. Unfortunately, we were not able to include any
DNA sample from São Bernardo do Campo municipality in
our analyses because of the low quality of the genetic
material.

Our main results corroborate the previously published
phylogenetic hypothesis and also reinforce the relatively low
genetic divergence within clades (Condez et al. 2020). The
Bayesian phylogenetic inference and the maximum parsi-
mony reconstructions showed concordant topologies, diverg-
ing only in the position of the flea-toads Brachycephalus
hermogenesi and B. pulex, in addition to the poorly
supported internal relationships within B. pernix group
(Fig. 8, see also Supplemental Fig. S1, available online). The
incongruences among the most parsimonious trees involve
the flea-toads B. pulex and B. hermogenesi, which are the
sister taxon to the remaining Brachycephalus species or were
recovered embedded within the main group; and seven
species terminals in the B. pernix group: B. boticario, B.
brunneus, B. coloratus, B. fuscolineatus, B. izecksohni, B
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mariaeterezae, and B. olivaceus. Our results support the
sister position of the flea-toads B. didactylus (related to the
B. ephippium and B. vertebralis clades), and B. sulfuratus
(related to the B. pernix clade). However, the deepest
divergences within Brachycephalus, especially regarding the
position of B. pulex, remain unresolved. The inclusion of
other molecular markers might contribute to solving poorly
supported relationships in Brachycephalus, especially those
within the B. pernix species group, which is mainly evaluated
based on a single small fragment of the 16S rRNA gene.

Discussion

The genus Brachycephalus was considered monotypic for
more than a century (Fitzinger 1826; Miranda-Ribeiro 1920).
The hyperossified pumpkin toadlet B. ephippium was the
earliest described species in the genus, and in the original
description, both the cranial and postcranial bone plates
were already highlighted (Spix 1824). The type locality of B.
ephippium was originally designated as ‘‘Provincia Bahiae,’’
and later attributed to the municipality of Ilhéus, state of
Bahia, northeastern Brazil (Bokermann 1966), probably
because of a labeling error (Pombal et al. 1998). However,
until recently there was no evidence for the occurrence of
this species in northeastern Brazil. The type locality is
consensually assumed to be in the city of Rio de Janeiro or
surroundings, localities visited by Spix and Martius during
their field expeditions, and where B. ephippium is still locally
abundant (Pombal et al. 1998). Using only the presence of a
dorsal bone shield as diagnosis, several populations under
the name B. ephippium are currently found in the states of
São Paulo, Rio de Janeiro, and Minas Gerais (Bornschein et
al. 2019a; Condez et al. 2020). The resurrection of B.
garbeanus (Pombal 2010) and the description of B.
margaritatus (Pombal and Izecksohn 2011) began to reveal
the diversity within this extremely hyperossified group of
species. Clemente-Carvalho et al. (2011b) described some

osteological and molecular divergences between B.
ephippium from the municipality of Nova Friburgo, state
of Rio de Janeiro (thereafter named B. garbeanus), and some
populations of B. ephippium from the state of São Paulo
(municipalities of Atibaia, Jundiaı́, and São José dos Campos,
state of São Paulo; herein identified as Brachycephalus sp.
(aff. ephippium). Even considering the recent description of
B. darkside (Guimarães et al. 2017), several divergent
populations under the name B. ephippium remain poorly
studied across its distribution and deserve further attention.

Hyperossification has evolved independently several
times in phylogenetically and ecologically diverse anuran
lineages (Blotto et al. 2020; Paluh et al. 2020). So, distinct
explanatory hypotheses regarding its function might arise,
such as the correlation with shifts in body size and
specialized ecology, particularly regarding the morphological
changes into multiple novel shapes and functions (Paluh et
al. 2020). The extremely hyperossified species of the
Brachycephalus ephippium clade also have the largest body
sizes within the genus, a very distinct group when compared
to the plesiomorphic condition of small-bodied species that
lack bone ornamentation (Condez et al. 2020). Despite never
being functionally tested, the presence of additional bones
and the excessive mineralization of the skull and vertebral
column in Brachycephalus might be related to water
conservation, defense against predators, or mechanical
protection for living amidst the leaf litter, which clearly
deserves further investigation (Condez et al. 2020). Addi-
tionally, the skull and bone shields of B. ibitinga sp. nov.
and B. ephippium are fluorescent under ultraviolet light
(E.C. Nardin, personal communication; Goutte et al. 2019).
The fluorescent contrast to the main orange or yellow
background color of B. ephippium was recently suggested as
having a potential role in intraspecific communication
(Rebouças et al. 2019). Complementary studies are neces-

FIG. 7.—Geographic distribution of the hyperossified species within the Brachycephalus ephippium clade (A), and occurrence of Brachycephalus ibitinga
sp. nov. in the state of São Paulo, southeastern Brazil (B). (1) Parque das Neblinas, municipality of Bertioga; (2) Parque Natural Municipal Nascentes de
Paranapiacaba, and (3) Reserva Biológica de Paranapiacaba, both at municipality of Santo André; (4) Parque Estadual da Serra do Mar, Núcleo Itutinga-
Pilões, municipality of São Bernardo do Campo; (5) Alto da Serra (approximated coordinates), municipality of Cubatão; (6) Parque Natural Municipal
Varginha, municipality of São Paulo; (7) Parque Estadual da Serra do Mar, Núcleo Itutinga-Pilões, municipality of São Vicente; (8) Parque Estadual da Serra
do Mar, Núcleo Curucutu, municipality of Itanhaém; and (9) Parque Estadual da Serra do Mar, Núcleo Curucutu, municipality of Juquitiba. Stamen Terrain
was used as the background image, obtained with the Quick Map Services Complement in QGIS v3.12 (QGIS Development Team 2020). Light-colored
areas on the detailed map represent the metropolitan regions of São Paulo (at the Atlantic Plateau) and Baixada Santista (at the coastal lowlands); the polygon
represents the municipality of São Paulo. A color version of this figure is available online.
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FIG. 8.—The majority rule consensus tree resulting from the Bayesian phylogenetic inference based on the alignment of 2701 bp (12S rRNA, 16S rRNA,
and Cytochrome-b) showing the relationships within the genus Brachycephalus. Numbers below nodes represent Bayesian posterior probabilities (BPP)/
jackknife absolute frequencies (calculated on the strict consensus of the 286 most parsimonious trees of 3211 steps each; Supplemental Fig. S1). Asterisks (*)
mean that the specific clade was not recovered. Black circles (�) on nodes represent BPP . 0.99 and jackknife . 90. The hyperossified species within the B.
ephippium clade are highlighted in colors. Sequences of the new species (in bold) are from: (1) municipality of Bertioga; (2) municipality of Santo André; (6)
municipality of São Paulo; (7) municipality of São Vicente; (8) municipality of Itanhaém; and (9) municipality of Juquitiba. See Supplemental Table S1 for the
GenBank accession numbers. A color version of this figure is available online.
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sary to investigate the fluorescence within the B. ephippium
clade and its evolutionary significance.

Our research suggests that some morphological charac-
ters must be carefully investigated within the Brachycepha-
lus ephippium clade. The omosternum, an anteroventral
element of the pectoral girdle, was first considered absent in
B. ephippium (Trueb 1973; Duellman and Trueb 1986;
Pombal et al. 1998), but further described as short and
cartilaginous (Kaplan 2002). Despite the reported absence in
B. darkside (Guimarães et al. 2017), this structure is
probably very reduced and undistinguishable from the
epicoracoid in all Brachycephalus species, being only visible
through histological sections or even not easily preserved
(Kaplan 2002; Robovská-Havelková 2010). Until today the
presence of the omosternum is considered a singular
characteristic for the genus Brachycephalus (Kaplan 2002;
Padial et al. 2014). In the same way, the absence of sternum,
at the posterior end of the epicoracoid cartilage, has been
considered among the putative characteristics for this taxon
definition (Izecksohn 1971; Hedges et al. 2008). However,
we herein reported for B. ibitinga sp. nov. the presence of a
reduced cartilaginous sternum with a calcified distal portion,
a new condition for the genus Brachycephalus, possibly
found in other hyperossified congeners. Additionally, the
black epimysium in the dorsal muscles of B. darkside is also
weakly present in some preserved individuals of B.
garbeanus and B. margaritatus (exhibiting few scattered
areas with dark pigmentation), whereas no dark pigmenta-
tion was observed in preserved individuals of B. ephippium,
Brachycephalus sp. (aff. ephippium), and B. ibitinga sp.
nov. We therefore identified this dark pigmentation as a
variable condition of the preserved specimens and suggest
further analysis using fresh material, such as was done for B.
darkside (Guimarães et al. 2017).

The distribution range of the extremely hyperossified
species of Brachycephalus generally overlaps protected areas
(Bornschein et al. 2019a). An exception is B. margaritatus, a
vulnerable species found outside formally protected areas in
a severely fragmented landscape (Pombal and Izecksohn
2011; T. Condez personal observation). Fortunately, during
the 1980s, the occurrence of the flea-toad B. didactylus in
Sacra Famı́lia do Tinguá, municipality of Engenheiro Paulo
de Frontin, state of Rio de Janeiro, which is also the type
locality of B. margaritatus, motivated the creation of the
Reserva Biológica do Tinguá, a large original forested area
bordering the populous city of Rio de Janeiro (Carvalho-e-
Silva and Carvalho-e-Silva 2013). Nowadays, the conserva-
tion of both species is likely assured by such area protection.
All the distribution records of Brachycephalus ibitinga sp.
nov. are located inside legally protected areas under

Category II of the International Union for Conservation of
Nature (Dudley 2008). However, despite being not appar-
ently threatened, the new species distribution limit is
bounded by the metropolitan region of São Paulo, which is
exposed to intensive pressures resulting from deforestation,
pollution, and general changes in land use. In the last 5 yr,
these threats are devastating the Atlantic Forest remnants in
the south of the municipality of São Paulo at alarming rates,
highlighting the importance of the nearest protected areas
(Natalini 2020). As one of the most effective tools for
conserving species and natural habitats, the protected areas
that encompass the Atlantic Forest remnants near the
metropolitan region of São Paulo support a huge diversity
of amphibians (Malagoli 2008; Lourenço-de-Moraes et al.
2018), including some recently discovered species (e.g.,
Malagoli et al. 2017; this study), and a new recently
described reproductive mode for frogs (Malagoli et al. 2021).
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thank Ministério do Meio Ambiente (MMA/ICMBio/IBAMA; 019/07,
16350-1, 23501-1, 45665-1, 45665-2, 45665-3, 49587-4), Comissão
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APPENDIX I

Specimens Examined in Morphological Comparisons

Asterisks denote (*) cleared and double-stained and (**) micro CT
specimens.

Brachycephalus ephippium.—State of Rio de Janeiro: municipality of
Cachoeiras de Macacu, Reserva Ecológica do Guapiaçu (MNRJ 38104,
56517, 56518, 59946); municipality of Rio de Janeiro, Pedra Branca,
Jacarepaguá (MNRJ 3327, 13818, 13819, 27577–25579); municipality of Rio
de Janeiro, Represa Rio Grande (MZUSP 9031, 100277, 100281, 100283,
100285, 100286, 100342–100344, 100346, 100349, 100356); municipality of
Teresópolis, Alto do Soberbo (MZUSP 49991, 49996, 50008, 50009, 50011,
50014, 50022, 50023, 50028, 50032, 50039, 50043, 50051, 50054, 50055),
Parque Nacional da Serra dos Órgaos (CFBH 22013–22015, 24763, 24764,
32569, 32570; MZUSP 11205, 34646, 71707, 71708; MNRJ 17438, 17439,
17450, 51580–51583), Vale da Revolta (MNRJ 50260, 50261, 70580; UF
72725**).

Brachycephalus sp. (aff. ephippium).—State of São Paulo: municipality of
Atibaia (MZUSP 104203, 104204; CFBH 16807–16811, 16813, 16815,
16817, 16818, 16820, 16821, 16824, 16826; Not Deposited Specimen
AT025*); municipality of Campinas, Joaquim Egı́dio (CFBH 994, 996, 1343,
2565, 2566, 2568, 2569, 4259, 4260; MNRJ 25347–25352); municipality of
Jundiaı́, Serra do Japi (CFBH 9431, 16837, 16839, 16857, 16859, 16864,
16870, 30834, 30835, 30842; Not Deposited Specimen SJ004*); municipality
of Mogi das Cruzes (CFBH 28658, 28659, 28663, 28664, 28667, 28668,
28670; MZUSP 104208–104210, 136758, 136762, 136764, 136787, 137319,
138775, 138776); municipality of São José dos Campos, São Francisco Xavier
(CFBH 16827–34; MNRJ 70619, 70623–70625; MZUSP 2761, 2762; Not
Deposited Specimen SFX013*); state of Rio de Janeiro: municipality of
Resende (MNRJ 73096–73099, 78465).

Brachycephalus darkside.—State of Minas Gerais: municipalities of
Ervália and Miradouro, Parque Estadual da Serra do Brigadeiro (MZUFV
16636 [holotype], MZUFV 2897, 6658–6660, 15557–15561, 15565–15571,
15716–15721, 16491, 16579, 16627, 16628, 16631, 16632, 16780; MNRJ
91327; UFMG 19522 [paratypes]).

Brachycephalus garbeanus.—State of Rio de Janeiro: municipality of
Nova Friburgo (MZUSP 811 [lectotype], MZUSP 1460, 1461 [paralecto-
types], MNRJ 17433, 27008, 27009), Alto Caledônia (MNRJ 39585, 39602,
67498), Baixo Caledônia (MNRJ 57124, 57293), Alto de Macaé (CFBH
16806*, 23564–23567, 23569–23571, 23574, 23576, 23577; MNRJ 17440,
17441, 25391, 25398, 39617), Serra Nevada (MNRJ 39342, 39343),
Theodoro de Oliveira (MNRJ 51472, 51473).

Brachycephalus margaritatus.—State of Rio de Janeiro: municipality of
Engenheiro Paulo de Frontin, Sacra Famı́lia do Tinguá (MNRJ 39312
[holotype], MNRJ 21675, 25373–25376, 25385, 25387–25389, 25401
[paratypes]); municipality of Paty do Alferes (MNRJ 76100, 76101);
municipality of Petrópolis (MNRJ 60869, 60870, 60891, 62976–62984),
Castelo Country Club (MNRJ 73700–73702), Castelo Monte Belo (MNRJ
70428, 70429), Quitandinha (MNRJ 75174).
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