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Brachycephalus Fitzinger, 1826 (Anura: Brachycephalidae) /
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A NEW SPECIES OF BRACHYCEPHALUS (ANURA:
BRACHYCEPHALIDAE) FROM THE HIGHLANDS OF THE ATLANTIC

FOREST, SOUTHEASTERN BRAZIL
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ABSTRACT: A new species of brachycephalid frog is described from the highlands of the Atlantic Forest in
Serra do Mar, municipality of Cunha, São Paulo State, southeastern Brazil. Specimens were collected amidst
the leaf litter at approximately 920 m above sea level. The new species is distinguished from all of its
congeners by the combination of the following characters: snout–vent length 9.5–15.6 mm; rough dorsum;
general background color orange with a variable density of whitish spots on dorsum; skin on head and dorsum
granular with dermal ossification; skull, spinal processes of sacral and presacral vertebrae, and process of the
fourth vertebra hyperossified; absence of hyperossification in the central portion of the skull; dorsal surface of
body covered by osteoderms. The new species was found active by day and is locally abundant. Males hold
territories during the reproductive season. Females had few mature oocytes during the same period. The
advertisement call of B. crispus is a long and low-intensity buzz with a regular repetition of notes.

Key words: Advertisement call; Atlantic rainforest; Cunha; Direct-developing frog

THE FAMILY Brachycephalidae contains 52
species allocated in two genera: Brachycepha-
lus Fitzinger, 1826 and Ischnocnema Rein-
hardt and Lütken, 1862 (Hedges et al., 2008;
Frost, 2013). Species of these genera share
molecular and morphological features along
with terrestrial breeding and direct develop-
ment in which large eggs hatch into froglets,
thereby bypassing the tadpole stage (Hedges
et al., 2008).
Currently, the genus Brachycephalus con-

tains 20 species (Frost, 2013). As a result of
miniaturization (Trueb and Alberch, 1985;
Hanken, 1993; Hanken and Wake, 1993; Yeh,
2002), species of Brachycephalus exhibit an
extremely small adult body size and share the
absence of bones such as the neopalatine and
columellae in the skull, phalangeal loss in the
manus and pes, and a reduced number of
fingers and toes (Alves et al., 2006; Pombal
and Gasparini, 2006). Another remarkable
phenotypic feature among species of Brachy-
cephalus is a gradient in the degree of
mineralization of the skull and post-cranial

skeleton, from a condition of the complete
lack of hyperossification to a completely
hyperossified condition, including a dorsal
shield (Clemente-Carvalho et al., 2009).
Brachycephalus are endemic to the Atlantic

Rain Forest of southern, southeastern, and
northeastern Brazil (Ribeiro et al., 2005;
Napoli et al., 2011; Frost, 2013). The greatest
diversity of species occurs in the Serra do Mar
mountain range in the states of Paraná and
São Paulo (Garey et al., 2012). Most species of
Brachycephalus have been described in the
last decade (Alves et al., 2009; Haddad et al.,
2010; Clemente-Carvalho et al., 2012) as a
result of increased herpetological surveys in
Atlantic Rain Forest highlands.
Seventeen species of Brachycephalus are

associated with mountain slopes (600–1800 m
elevation) along the main Atlantic Rain Forest
mountain ranges. These species exhibit a
generalized bufoniform morphology and fre-
quently have conspicuous orange coloration
and, in some cases, the skin contains toxic
tetrodotoxin-like substances (Sebben et al.,
1986; Pires et al., 2002, 2005; Hanifin, 2010).
Three other species (B. didactylus, B. hermo-
genesi, and B. pulex) have a wide altitudinal4 CORRESPONDENCE: e-mail, thacondez@gmail.com
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range from sea level to 950 m (Izecksohn,
1971; Giaretta and Sawaya, 1998; Napoli et al.,
2011). Morphological and biological charac-
teristics have been used to support informal
distinction of these two groups of species
within Brachycephalus (Verdade et al., 2008;
Napoli et al., 2011), although no evidence for
this separation exists in the molecular phylog-
eny (Clemente-Carvalho et al., 2011). In
addition to differences in advertisement call,
the lowland species exhibit relatively smaller
body sizes compared to the highland species,
leptodactyliform morphology, inconspicuous
coloration, and the ability to jump longer
distances (Verdade et al., 2008; Napoli et al.,
2011).
Natural history and ecological aspects of

Brachycephalus species are poorly under-
stood, especially because recent species de-
scriptions lack natural history details.
Collecting natural history data on these
species is confounded by inaccessible study
sites and possible activity under leaf litter.
Natural history information is restricted to the
reproductive behavior of B. ephippium (Pom-
bal, 1999). Food habits and other ecological
aspects are described for B. brunneus (Fon-
toura et al., 2011), B. didactylus (Almeida-
Santos et al., 2011), and B. garbeanus (Dorigo
et al., 2012). Advertisement calls are available
for B. ephippium (Pombal et al., 1994), B.
pernix (Wistuba, 1998), B. hermogenesi (Ver-
dade et al., 2008), B. pitanga (Araújo et al.,
2012) and B. tridactylus (Garey et al., 2012).
Herein we add to the known diversity of

Brachycephalus by describing a new species
collected in the mountain slopes of Serra do
Mar, in the State of São Paulo, southeastern
Brazil. The diagnosis of the new species is
based on the external morphology and osteol-
ogy of adults. Additionally, we provide the
advertisement call and some aspects of
reproductive biology.

MATERIALS AND METHODS

Specimens were anaesthetized and killed in
5% lidocaine, fixed in 10% formalin, and
preserved in 70% ethyl alcohol. Bones and
cartilages were cleared and double-stained
with alizarin red and alcian blue following
procedures modified from Taylor and Van
Dyke (1985). Scanning electron microscopy

characterized hyperossification in the skeleton
of the new species. Specimens were immersed
in a solution of sodium hypochlorite for
removal of soft tissues and air dried. Skeletons
were then mounted on metal stubs, coated
with gold in a Sputter Coater Balzers
SCD050, and examined with a JEOL JSM
5800LV scanning electron microscope. Illus-
trations were made using a Zeiss stereomicro-
scope fitted with a drawing tube.
Fifteen traits were measured with a micro-

metric ocular fitted to the stereomicroscope.
The abbreviations used were: SVL (snout–
vent length); AGL (axilla–groin length); HL
(head length; from tip of snout to angle of
jaw); HW (head width; greatest width of head
located between angle of jaw); ND (nostril
diameter); IND (internostril distance; be-
tween inner margins of nostrils); ED (eye
diameter); IOD (interorbital distance; be-
tween anterior corners of eyes); END (eye–
nostril distance; from anterior corner of the
eye to posterior margin of nostril); THL (thigh
length); TBL (tibia length); FL (foot length;
between the centrale and the larger toe); AL
(arm length); FAL (forearm length); and HAL
(hand length; between the centrale and the
longest toe).
Specimens used in the description are

deposited in the Célio F. B. Haddad (CFBH)
amphibian collection, Departamento de Zoo-
logia, I.B., Universidade Estadual Paulista,
Campus de Rio Claro, São Paulo, Brazil.
Specimens examined (Appendix 1) also in-
cluded those from the herpetology collection
of Museu de Zoologia, Universidade de São
Paulo (MZUSP), São Paulo, Brazil and the
herpetology collection of Museu Nacional, Rio
de Janeiro (MNRJ), Brazil.
We described the habitat of the new species

by measuring environmental characteristics at
encounter sites. Altitude was determined
using a barometric altimeter; air relative
humidity and temperature were taken from
the sampling locality with a hygro-thermom-
eter. The average depth of leaf litter was
measured with a ruler (61 mm).
Five calling males were recorded with a

Marantz PMD-660 digital recorder coupled to
an external unidirectional Sennheiser ME-66
microphone. We analyzed 20 calls per indi-
vidual using a sampling frequency rate of 44.1
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kHz and 16-bit resolution in the mono
pattern. Bioacoustic analyses were performed
using the program Raven Pro 1.4 (Bioacous-
tics Research Program, 2011). Audiospectro-
grams were produced with a fast Fourier
transform of 256 points, overlap 50%, and
hamming window type. Nine advertisement
call variables were quantified: note duration
(s); internote duration (s); note repetition rate
(notes/s); minimum, maximum, and dominant
frequency (Hz); number of pulses per note;
pulse duration (ms), and pulse rate (pulses/s).
Oscillograms and spectrograms were used to
illustrate sound features.
We also collected fresh oocytes from both

sides of oviducts of mature females and
preserved them in 70% ethyl alcohol. To
describe and measure aspect, number, and
size of oocytes we used a Nikon Sight DS-U2
Camera fitted to a Zeiss stereomicroscope
using NIS-Elements imaging software.

RESULTS

Brachycephalus crispus sp. nov.
(Fig. 1)

Holotype.—CFBH 29839, adult female, one
of a series collected in Bacia B, Parque
Estadual da Serra do Mar, Núcleo Cunha,
municipality of Cunha, São Paulo State,
southeastern Brazil, approximately 920 m
above sea level (23815014.80 0S, 45801057.80 0W;
WGS84 datum), on 19 October 2011 by T. H.

Condez, E. G. de Oliveira, and L. N. Bandeira
(Fig. 1).
Paratopotypes.—CFBH 29822, 29824,

29826, 29827, 29829, 29830, 29833, 29836,
29838, 29840 adult females; CFBH 29823,
29828, 29834, 29835, 29837 adult males;
CFBH 29825, 29831, 29832 juveniles; all
collected with the holotype in Bacia B, Parque
Estadual da Serra do Mar, Núcleo Cunha, on
19 October 2011. CFBH 27857, 27858, 27863,
27868 adult females; CFBH 27861, 27865–
27867 adult males; CFBH 27862 juvenile;
CFBH 27859, 27860 juveniles cleared and
stained; and CFBH 27864 adult female
prepared for scanning electron microscopy;
all collected at the same locality of the
holotype on 26 January 2011. CFBH 10699,
10708, 23895–23897, 29659, 29661 adult
females; CFBH 10698, 10701, 10707, 23894,
23899, 23901–23902 adult males; CFBH
10702, 29660 juveniles; CFBH 10706, 23900
adult females; and 23898 adult male prepared
for scanning electron microscopy; 10703 adult
female; 23903 adult male; and 10705 juvenile
cleared and stained; all collected in the same
locality of the holotype on 19 October 2004,
by D. M. Peccinini Seale.
Diagnosis.—Brachycephalus crispus is dis-

tinguished as an adult from all of its congeners
by the combination of the following charac-
ters: adult SVL 9.5–15.6 mm; rough dorsum;
general background color orange with variable
density of whitish spots on dorsum; skin on
head and dorsum granular with dermal
ossification; skull, spinous processes of sacral
and presacral vertebrae and process of the
fourth vertebra hyperossified; absence of
hyperossification in the central portion of the
skull; dorsal surface of body covered by
osteoderms.
Description of holotype.—Brachycephalus

crispus is characterized by a robust, bufoni-
form body (Fig. 2); head as wide as long,
slightly narrower than body; head length
approximately 23% of SVL; snout short with
length almost equal to eye diameter, rounded
in lateral and dorsal views (Fig. 3A,B); nostrils
protuberant, directed anterolaterally; canthus
rostralis distinct and straight; loreal region
weakly concave; lips nearly sigmoid; eye
slightly protruding in dorsal and lateral views,
eye diameter 48% of HL; tympanum absent;

FIG. 1.—Live adult female of Brachycephalus crispus
sp. nov. CFBH 29839 (holotype), Parque Estadual da
Serra do Mar, Núcleo Cunha, Municipality of Cunha,
State of São Paulo, southeastern Brazil.
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tongue longer than wide, posterior half not
adherent to floor of mouth; choanae relatively
small and round; vomerine odontophores
absent. Upper arm slightly shorter than
forearm; total arm length 39% of SVL; hands
approximately as long as upper arm; fingers II
and III robust and distinct; finger I and IV
very small, vestigial; tip of fingers II and III
slightly rounded; relative lengths of fingers II
, III; subarticular tubercles and inner and
outer metacarpal tubercles absent (Fig. 3C).

Tibia shorter than thigh; total leg length 75%
of SVL; foot length larger than thigh length;
toes II, III, and IV distinct; toe II reduced,
toes I and V externally absent; tips of toes II
and III slightly rounded, tip of toe IV pointed;
relative length of toes II , III , IV;
subarticular tubercles and inner and outer
metatarsal tubercles absent (Fig. 3D). Skin on
head and dorsum granular with dermal
ossifications; skin on dorsolateral surface of
body, flanks, and dorsal surface of thighs
granular; skin on venter and ventral surfaces
of the legs smooth; granular skin on ventro-
lateral surfaces of body and area around the
cloacal opening (Figs. 1, 2).
Measurements of holotype (in mm).—SVL

14.0; AGL 5.8; HL 3.1; HW 3.9; ND 0.3; IND
1.7; ED 1.6; IOD 2.9; END 0.9; THL 5.1;
TBL 4.8; FL 7.9; AL 2.4; FAL 3.0; HAL 2.7.
Osteology of Brachycephalus crispus sp.

nov.—The double-stained and scanning elec-
tron microscopy materials revealed that B.
crispus has the dermal roofing bones of the
skull ornamented (Figs. 4, 5). Nasal, sphe-
nethmoid, frontoparietals, prootics, and exoc-
cipitals are fused. Premaxillae broad, not
fused medially; odontoids absent; alary pro-
cess of premaxillae distinct and narrowly
separated from the nasal. In ventral view,
maxillae arched; odontoids absent. Quadrato-
jugal and pterygoid present. Vomer complete-
ly fused, vomerine odontophores absent.
Palatine absent. Parasphenoid and spheneth-
moid fused and robust. Squamosal elongated
in lateral view, anterior zygomatic ramus short

FIG. 2.—Brachycephalus crispus sp. nov. CFBH 29839
(holotype), adult female in ventral and dorsal views. Scale
bar¼ 2 mm.

FIG. 3.—Brachycephalus crispus sp. nov. CFBH 29839
(holotype), adult female. (A) Dorsal view of head and
body, (B) lateral view of head, (C) ventral view of left
hand, and (D) ventral view of left foot.

FIG. 4.—Brachycephalus crispus sp. nov. (paratopotype
CFBH 27860) cleared and double-stained specimen. (A)
Dorsal view of body covered by osteoderms, scale bar = 2
mm; and (B) detail of skin with osteoderms, scale bar ¼
0.2 mm.
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and ornamented. Tympanic annulus absent.
Operculum present and partially cartilagi-
nous. Mandible endentate. Pectoral girdle
arciferal and robust; procoracoid and epicora-
coid fused but not completely ossified; pro-
coracoid and epicoracoid synostotically united
with clavicle, coracoid, and scapula; supra-
scapula expanded, its anterior half ossified as
cleithrum; omosternum present and cartilag-
inous; sternum absent. Vertebral column
composed of eight presacral, nonimbricate
vertebrae; spinous process of vertebrae hyper-
ossified; first presacral vertebra (atlas) lacks
transverse process; third presacral vertebra
with forked extremity; fourth presacral verte-
bra with transverse process hyperossified and
ornamented; all other vertebrae have slender
transverse processes without hyperossifica-
tion. Humerus slightly shorter than forearm;
radius and ulna fused but distinguishable.
Manus with distal carpals (I–V) fused with
centrale; radiale and ulnare about the same
size; one prepollical element; phalangeal
formula 1–2–3–1; tips of the terminal phalan-
geal element of fingers I, II, and IV falciform

and tip of finger III arrow shaped. Hindlimbs
with tibia and fibula fused but distinguishable,
forming the tibiafibula; tibiafibula slightly
shorter than femur; tibiale and fibulare fused
at their distal and proximal ends (medially not
fused). Pes with distal tarsal element I, II, III
present and IV–V absent; centrale present.
One very-reduced prehallical element; pha-
langeal formula 1–2–3–4–1; tips of the termi-
nal phalangeal elements of toes II, III, and IV
arrow shaped, toes I and V reduced with
terminal phalangeal element rounded in
shape.
Coloration in life.—General background

color orange; dorsal surface of head, body,
arms, and legs with whitish spots; small and
irregular brown spots on head and spine;
finger III and toe IV with black tips; eyes
black (Fig. 1).
Coloration in preservative.—General back-

ground color pale cream; dorsum with whitish
spots; small and irregular brown spots on head
and spine; finger III and toe IV with black
tips; eyes black (Fig. 2).
Variation.—On average, females of B.

crispus were larger than males (SVL: females
¼ 14.0 6 0.8 mm; males ¼ 12.0 6 0.3 mm;
Welch’s t-test, t ¼ 10.9, P , 0.01; Table 1).
Dermal ossification of head and dorsum varies
ontogenetically. Juveniles can lack hyperossi-
fication or present skull and post-cranial
skeleton less ornamented than in adults.
Aspect in life varies among specimens in
roughness and density of whitish spots on the
dorsum (Fig. 6). Some specimens have the
dorsum almost entirely orange with some
sparse whitish spots, generally associated with
the granular aspect of the skin (Fig. 6A,B);
some specimens have irregular brown spots
concentrated on head and spine (Fig. 6C,D)
and, in some specimens, the whitish color can
cover extensive areas of the dorsum (Fig.
6E,F). The holotype is intermediate between
the last two groups.
Comparison with other species.—Like other

members of the genus, Brachycephalus
crispus is diminutive in size and displays loss
of phalangeal elements (Fig. 3C,D); the
pectoral girdle is completely ossified, with
epicoracoids closely juxtaposed and articulat-
ing throughout their lengths, omosternum
present, and sternum absent. The skin on

FIG. 5.—Scanning electron micrograph of the skull and
vertebrae of Brachycephalus crispus sp. nov. (para-
topotype CFBH 23900), adult female in dorsal view.
Scale bar¼ 1 mm.
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head and dorsum of B. crispus has dermal
ossification. This characteristic distinguishes
the new species from B. brunneus, B.
didactylus, B. ferruginus, B. hermogenesi, B.
izecksohni, B. pernix, B. pombali, B. pulex,
and B. tridactylus, whose texture of skin on
head and dorsum is smooth, with no dermal
ossification. Brachycephalus crispus also dif-
fers from B. didactylus, B. hermogenesi, and
B. pulex by being larger in SVL, having a
rounded snout shape in dorsal view, and an
orange background color. These three species
have pointed snouts in dorsal view and
brownish body color. Compared to B.
ephippium, B. garbeana, and B. margaritatus,
the new species has smaller SVL and lacks the
dorsal bony shield. The roughness of the
dorsum distinguishes this new species from B.
alipioi, B. atelopoide, B. bufonoides, B.
guarani, B. nodoterga, B. pitanga, B. verte-
bralis, and B. toby, whose general texture of
the dorsum is smoother. Whitish spots on the
dorsum distinguishes B. crispus from B.
alipioi, B. atelopoide, B. bufonoides, and B.
vertebralis, whose general aspect of dorsum is
orange without colored spots; from B. guarani
which is orange with a dark brown stripe; from
B. nodoterga which has a dark yellow dorsum;
from B. pitanga which has a reddish dorsum;

and from B. toby which has a greenish
dorsum.

The scanning electron micrographs re-
vealed that B. crispus has an intermediate
condition of hyperossification compared with

FIG. 6.—Intrapopulation variation in color of Brachy-
cephalus crispus sp. nov. in life, Parque Estadual da Serra
do Mar, Núcleo Cunha, Municipality of Cunha, State of
São Paulo, southeastern Brazil. Paratopotypes: (A) CFBH
27860, (B) CFBH 29830, (C) CFBH 29824, (D) CFBH
29822, (E) CFBH 29828, (F) CFBH 27861.

TABLE 1.—Morphometric traits of the type series of Brachycephalus crispus sp. nov. (values [mm] are reported as means
61 SD).

Trait1

Males (n ¼ 22) Females (n ¼ 25) Juveniles (n ¼ 6)

Mean 6 1 SD Range Mean 6 1 SD Range Mean 6 1 SD Range

SVL 12.0 6 0.3 11.5–12.9 14.0 6 0.8 11.9–15.6 10.6 6 0.6 9.5–11.3
AGL 4.3 6 0.5 3.0–4.9 5.3 6 0.8 3.8–7.2 3.9 6 0.3 3.4–4.2
HL 2.8 6 0.2 2.1–3.1 3.1 6 0.2 2.8–3.5 2.5 6 0.3 2.1–2.9
HW 3.5 6 0.2 3.0–3.9 3.9 6 0.3 3.2–4.2 3.0 6 0.2 2.8–3.4
ND 0.3 6 0.0 0.3–0.4 0.4 6 0.0 0.3–0.5 0.3 6 0.0 0.3–0.4
IND 1.6 6 0.1 1.5–1.9 1.7 6 0.1 1.5–1.9 1.5 6 0.1 1.3–1.6
ED 1.4 6 0.1 1.3–1.6 1.5 6 0.1 1.4–1.6 1.3 6 0.1 1.2�1.4
IOD 2.7 6 0.2 2.5–3.1 3.0 6 0.2 2.5–3.3 2.5 6 0.2 2.3–2.8
END 0.9 6 0.1 0.7–1.0 1.0 6 0.1 0.8–1.1 0.8 6 0.0 0.8–0.9
THL 4.9 6 0.3 4.4–5.7 5.4 6 0.2 4.9–5.7 4.4 6 0.4 3.9–4.9
TBL 4.4 6 0.2 4.2–4.9 4.9 6 0.2 4.2–5.3 4.0 6 0.4 3.4–4.5
FL 6.8 6 0.6 5.8–7.7 8.0 6 0.7 5.8–9.0 5.7 6 0.7 4.9–7.0
AL 2.2 6 0.2 1.9–2.4 2.6 6 0.2 2.0–2.7 1.9 6 0.2 1.7–2.1
FAL 2.6 6 0.2 2.2–2.9 3.0 6 0.2 2.5–3.3 2.3 6 0.1 2.1–2.4
HAL 2.3 6 0.2 1.9–2.7 2.6 6 0.2 2.1–2.9 2.0 6 0.2 1.8–2.3

1 SVL¼ snout–vent length; AGL¼ axilla–groin length; HL¼head length, from tip of snout to angle of jaw; HW¼ head width, greatest width of head located
between angle of jaw; ND¼ nostril diameter; IND¼ internostril distance, between inner margins of nostrils; ED¼ eye diameter; IOD¼ interorbital distance,
between anterior corners of eyes; END¼ eye–nostril distance, from anterior corner of the eye to posterior margin of nostril; THL¼ thigh length; TBL¼ tibia
length; FL¼ foot length, between the centrale and the larger toe; AL¼ arm length; FAL¼ forearm length; HAL¼ hand length, between the centrale and the
longest toe.
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other Brachycephalus species. In B. crispus,
the spinous processes of sacral and presacral
vertebrae are hyperossified as is the process of
the fourth vertebra (Fig. 5). Hyperossification
of the spinous processes and presacral verte-
brae in B. crispus is similar to that seen in B.
alipioi, B. guarani, B. nodoterga, B. pitanga,
B. toby, and B. vertebralis (Haddad et al.,
2010). The absence of hyperossification in the
central portion of the skull distinguishes B.
crispus from these species. In the new species,
hyperossification is concentrated on the lateral
and posterior portions of the skull; the nasal,
sphenethmoid, and frontoparietals region lack
hyperossification; and prootics are completely
ornamented. Brachycephalus crispus differs
from B. ephippium, B. garbeana, and B.
margaritatus by the presence of a hyper-
ossified dorsal shield in these latter species.
Again, B. brunneus, B. didactylus, B. ferrugi-
nus, B. hermogenesi, B. izecksohni, B. pernix,
and B. pombali lack hyperossification in the
spinous processes and vertebrae.
The cleared and double-stained material

revealed that B. crispus has small bony
elements spread on the skin, characterized
as osteoderms (Ruibal and Shoemaker, 1984;
Campos et al., 2010). Osteoderms in B.
crispus are generally ,0.2 mm and are
sparsely distributed on the skin of dorsum,
including head and dorsal surface of arms and
legs (Fig. 4). Osteoderms are also found in B.
nodoterga (RBGC-C, personal observation)
and B. margaritatus (Pombal and Izecksohn,
2011), but these species are not known to have
as many osteoderms as B. crispus (Fig. 7).
Natural history.—Specimens of B. crispus

were found in forest leaf litter at »800–1100
m elevation. The new species was found active
by day and is locally abundant. When
surveying 6-m2 plots (n¼ 4) we found a mean
(61 SD) of 3.5 6 2.1 individuals per plot.
Average leaf litter depth in these plots was 8.6

6 0.4 cm, air temperature was 20.8 6 1.78C,
and relative humidity of the air was 78 6
1.2%. Some individuals were found under
downed timber where moisture is higher.
Generally males were heard calling under the
leaves, but they can be found calling exposed
and active on the surface litter, especially on
cloudy and rainy days. Males of B. crispus can
perform visual signaling to hold territories in
the reproductive season similar to that de-
scribed for B. ephippium (Pombal et al.,
1994). Females were also more active on days
with higher humidity and were usually found
exposed, walking on the leaf litter. We
analyzed six reproductive females collected
in October 2011. The mean SVL was 14.4 6
0.6 mm and each female contained 9 6 1.9
oocytes, distributed in both oviducts. Most of
the females had two large, mature, depig-
mented oocytes in each oviduct measuring an
average 2.031.9 mm (Fig. 8). Remaining eggs
were generally smaller and embedded in a
follicular mass. Our observations suggest that
the oviposition in B. crispus should involve
about four oocytes, resulting in a small clutch,
similar to that described by Pombal (1999) for
B. ephippium.
Call description.—The advertisement call of

B. crispus is a long and low-intensity buzz with
a regular repetition of notes, with each note
lasting 0.28 6 0.02 s (n ¼ 100; Fig. 9). The
minimum and maximum frequencies were 3.5
6 0.19 and 5.7 6 0.17 kHz, respectively, with

FIG. 7.—Brachycephalus species with osteoderms in
dorsal surface of skin. (A) B. crispus sp. nov., (B) B.
nodoterga, and (C) B. margaritatus (photo credit: I.
Nunes).

FIG. 8.—Oocytes found in the left oviduct of Brachy-
cephalus crispus sp. nov. (paratopotype CFBH 29829),
mature female. Scale bar¼ 1 mm.
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a dominant frequency of 4.6 6 0.19 kHz (n¼
100 for each parameter). Harmonics were not
recorded. Each note can have 7–12 pulses (X̄
¼ 10 6 1.19, n ¼ 100; Fig. 9A). Pulses have
nearly the same frequency and pulse duration
is 27.1 6 4.0 ms (n¼ 517; Fig. 9B). Pulse rate
is 17.4 6 2.12 pulses/s (n ¼ 5). Intervals
between notes were 0.35 6 0.02 s (n ¼ 100;
Fig. 9C). Males of B. crispus can call
continuously for up to 5 min with a repetition
rate of 1.67 6 0.09 notes/s (n ¼ 5). Call
duration is variable and males usually stop
calling in response to any disturbance.
Etymology.—The specific epithet is a Latin

adjective meaning rouged or rugous. The
name is used in allusion to the roughness of
the dorsum of this species.
Distribution.—Brachycephalus crispus is

known only from the type locality at Bacia B,

Parque Estadual da Serra do Mar, Núcleo
Cunha, Cunha municipality, São Paulo State,
southeastern Brazil (Fig. 10).

DISCUSSION

Mountain slopes of Serra do Mar harbor
high diversity and endemism of anurans in
Brazil, which may be attributed to the habitat
complexity associated with topographic and
climatic variation (Cruz and Feio, 2007). Of
the nine Brachycephalus species occurring in
the state of São Paulo, five are restricted to the
highlands of the Parque Estadual da Serra do
Mar, one of the most important protected
areas of the region. Brachycephalus crispus is
one of these species, occurring geographically
close to B. guarani, B. pitanga, B. toby, and B.
vertebralis in the northeastern area of São

FIG. 9.—Advertisement call of Brachycephalus crispus sp. nov. (19 October 2011, 0930 h; air temperature¼ 15.88C,
air relative humidity¼ 77%). (A) Spectrogram of one call. (B) Oscillogram of one call. (C) Spectrogram of a sequence of
two calls, showing the interval.
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Paulo State. Despite this geographic proxim-
ity, highland species of Brachycephalus have
more-restricted ranges and are completely
isolated in different mountains. Considering
the disjunctive biogeographic pattern, high
diversity of species, and endemism within
Brachycephalus, additional surveys in moun-
tainous areas will probably increase knowl-
edge of their taxonomic diversity and help to
understand the biology of this genus.
Advertisement calls of Brachycephalus de-

scribed in the literature were compared to
that of the new species (Table 2). The
structure of the call of B. crispus is similar
to that described for B. pitanga. Despite
having the same frequency range, B. pitanga
has shorter notes with more pulses and higher

dominant frequency compared with B.
crispus. Also, the advertisement call of the
new species differs from B. ephippium in
spectral and temporal aspects and is very
distinct from the acoustic parameters de-
scribed for B. hermogenesi, B. pernix, and B.
tridactylus. Aside from similarities between
the advertisement calls of B. tridactylus and
B. hermogenesi, the differences in advertise-
ment calls are congruent with the recognized
phylogenetic lineages in the genus (Clemente-
Carvalho et al., 2011) and with the highland
and lowland groups of species (Verdade et al.,
2008; Napoli et al., 2011). Furthermore, the
specific variations of temporal and spectral
parameters of the advertisement call indicate
that this kind of analysis can help to diagnose
species. The use of vocalizations, allied to
variation in general aspect of skin and
coloration, morphometric variation, and skel-
etal characters can increase our comprehen-
sion on the diversity and evolution of this
genus in the Brazilian Atlantic Rain Forest.
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municipality of Cunha, São Paulo State (darkened area of
inset), southeastern Brazil.

TABLE 2.—Advertisement call variables of Brachycephalus species.

Call parameters Bcri1 Beph2 Bper3 Bher4 Bpit5 Btri6

Note duration (s) 0.28 0.12 0.06 0.20 0.17 0.10
Internote duration (s) 0.35 0.13 0.14 — — —
Note repetition rate (notes/s) 1.67 — — 1.09 — —
Minimum frequency (kHz) 3.5 3.4 4.5 — 3.5 3.2
Maximum frequency (kHz) 5.7 5.3 6.7 — 5.7 6.4
Dominant frequency (kHz) 4.6 — — 6.8 4.9 4.8
Number of pulses per note 10 12 3 — 11 —
Pulse duration in average (ms) 27.1 — — — — —
Pulse rate (pulses/s) 17.4 — — — — —

1 Brachycephalus crispus sp. nov.
2 B. ephippium (Pombal et al., 1994).
3 B. pernix (Wistuba, 1998).
4 B. hermogenesi (Verdade et al., 2008).
5 B. pitanga (Araújo et al., 2012).
6 B. tridactylus (Garey et al., 2012).
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APPENDIX

Specimens Examined

Brachycephalus alipioi: Espı́rito Santo, Var-
gem Alta MNRJ 26042, 26044–50, 26052–55
(paratopotypes), CFBH 24633–67, 25437–38;
B. guarani: São Paulo, Prumirim, Ubatuba
CFBH 27233 (holotype), 27231–32, 27234–
35, 29563–64 (paratopotypes); B. nodoterga:
São Paulo, Serra da Cantareira MZUSP 0975
(holotype), 0809, 112785–91, CFBH 28413,
São Paulo, Santana do Parnaiba CFBH 9606,
São Paulo, Ilhabela CFBH 7030–42, 7045–48;
B. pitanga: São Paulo, São Luı́s do Paraitinga
CFBH 16746 (holotype), 16747, 16750,
16755�56, 16758, 16760–16766 (paratopo-
types), 24299, 09567; B. vertebralis: Rio de
Janeiro, Parati CFBH 3416–17 (paratopo-
types), São Paulo, Pico do Cuscuzeiro, Uba-
tuba 7907–08, 7910, 8361–63; B. toby: São
Paulo, Pico do Corcovado, Ubatuba CFBH
20598 (holotype), 20581–91, 20593–97,
20599, 23004–06 (paratopotypes), 12902–03.
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