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A B S T R A C T

We present a new phylogenetic hypothesis for Ischnocnema, a Neotropical brachycephaloid genus of ground-
dwelling direct-developing frogs. We performed Bayesian inference, maximum likelihood, and maximum par-
simony analyses using two nuclear (RAG1 and Tyr) and three mitochondrial genes (12S rRNA, tRNA-Val, and
16S rRNA) in a matrix comprising more than 80% of the described species. We recover Ischnocnema nanahallux
outside the Ischnocnema parva series, and it is now unassigned to any species series, nor are Ischnocnema man-
ezinho and Ischnocnema sambaqui. We propose the Ischnocnema venancioi species series to comprise Ischnocnema
venancioi, Ischnocnema hoehnei, and two new species described herein (Ischnocnema parnaso sp. nov. and
Ischnocnema colibri sp. nov.). Furthermore, we designate a lectotype for I. venancioi. The nuptial pad present in
males is an important character in the genus, and having a large, conspicuous, and glandular-appearing nuptial
pad seems to be a synapomorphy for the clade composed of the I. parva, Ischnocnema guentheri, and the newly
proposed I. venancioi series.

1. Introduction

The Neotropical genus Ischnocnema Reinhardt and Lütken, 1862, is a
group of ground-dwelling frogs belonging to Brachycephaloidea
Günther, 1858, a superfamily of direct-developing frogs (i.e., they do
not go through a larval phase during their development). It currently
comprises 35 species (Frost, 2018) divided into four series distributed
throughout South and Southeast Brazil and adjacent Argentina, mainly
in the Atlantic Forest domain: Ischnocnema guentheri, Ischnocnema
lactea, Ischnocnema parva, and Ischnocnema verrucosa (Canedo and
Haddad, 2012; Padial et al., 2014). Not long ago Ischnocnema was
considered a junior synonym of Eleutherodactylus Dumeril and Bibron,
1841 (Caramaschi and Canedo, 2006), but the taxonomic status of the
genus and its species has changed.

Lynch (1976) divided the South American Eleutherodactylus into ten
groups, based on morphological characters. Four of these groups con-
tained species from the Atlantic Forest: the E. binotatus group, which
included Eleutherodactylus binotatus (Spix, 1824), Eleutherodactylus
gualteri B. Lutz, 1974, Eleutherodactylus guentheri (Steindachner, 1864),
Eleutherodactylus nasutus (A. Lutz, 1925), Eleutherodactylus octavioi
Bokermann, 1965, and Eleutherodactylus plicifer (Boulenger, 1888); the
E. lacteus group, which included Eleutherodactylus bolbodactylus (A.
Lutz, 1925), Eleutherodactylus lacteus (Miranda-Ribeiro, 1923), Eleu-
therodactylus nigriventris (A. Lutz, 1925), and Eleutherodactylus venancioi
B. Lutz, 1958; the E. parvus group, which included Eleutherodactylus
parvus (Girard, 1853) and Eleutherodactylus pusillus Bokermann, 1967;
and finally the Eleutherodactylus ramagii group, which included Eleu-
therodactylus paulodutrai Bokermann, 1975 and Eleutherodactylus
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ramagii (Boulenger, 1888).
Heyer (1984) created the E. guentheri cluster to comprise part of the

E. binotatus group and three new species that he described at the time.
The cluster contained Eleutherodactylus epipedus Heyer, 1984, Eleuther-
odactylus erythromerus, Heyer, 1984, E. gualteri, E. guentheri, E. nasutus,
and Eleutherodactylus oeus Heyer, 1984.

Further, Lynch and Duellman (1997) created the E. binotatus series
to comprise the four Atlantic Forest groups from Lynch (1976). To the
E. binotatus group (sensu Heyer, 1984) the authors added Eleuther-
odactylus heterodactylus (Miranda-Ribeiro, 1937), Eleutherodactylus
hoehnei B. Lutz, 1958, Eleutherodactylus izecksohni Caramaschi and
Kisteumacher, 1989, and Eleutherodactylus juipoca Sazima and Cardoso,
1978. From the E. lacteus group, the authors removed E. venancioi and
included Eleutherodactylus holti Cochran, 1948, while the E. parvus and
E. ramagii groups remained the same. The authors also assigned Eleu-
therodactylus randorum Heyer, 1985; Eleutherodactylus spanios Heyer,
1985; E. venancioi; and Eleutherodactylus vinhai Bokermann, 1975 to the
E. binotatus series, despite not having been assigned to any group.

Until recently, the genus Ischnocnema contained only one member
from the Atlantic Forest, Ischnocnema verrucosa (Reinhardt and Lütken,
1862) while the other six species were from the Andes and their vici-
nities (Padial et al., 2005). Caramaschi and Canedo (2006), based on
osteological features observed in I. verrucosa (type species of the genus),
placed Ischnocnema under the synonymy of Eleutherodactylus (where
most current brachycephaloid frogs were placed at the time) and res-
urrected Oreobates Jiménez de la Espada, 1872, to comprise the five
Andean species. Heinicke et al. (2007) then resurrected Ischnocnema to
comprise the Eleutherodactylus from the Brazilian Atlantic Forest, with
the exception of the former E. binotatus and E. plicifer, currently placed
in the genus Haddadus Hedges, Duellman, and Heinicke, 2008. Hedges
et al. (2008) presented a phylogenetic hypothesis and proposed a new
classification for New World direct-developing frogs, a clade they called
Terrarana (currently the superfamily Brachycephaloidea). Although
only a few Ischnocnema species were present in their phylogenetic hy-
pothesis (five of 29 species at the time), they divided the genus into five
species series based on morphology and previous taxonomic proposals:
I. guentheri, I. lactea, I. parva, Ischnocnema ramagii, and I. verrucosa. The
I. guentheri series contained the species from Heyer (1984) plus Isch-
nocnema henselii (Peters, 1870), which was resurrected from the syno-
nymy of I. guentheri by Kwet and Solé (2005), and Ischnocnema hoehnei,
Ischnocnema octavioi, Ischnocnema izecksohni, and Ischnocnema vinhai.
The I. lactea series contained the species from the E. lacteus group from
Lynch and Duellman (1997) plus Ischnocnema bilineata (Bokermann,
1975), Ischnocnema gehrti (Miranda-Ribeiro, 1926), Ischnocnema mane-
zinho (Garcia, 1996), Ischnocnema paranaensis (Langone and Segalla,
1996), Ischnocnema randorum, Ischnocnema sambaqui (Castanho and
Haddad, 2000), Ischnocnema spanios, and Ischnocnema venancioi. The I.
parva and I. ramagii series had the same content as the E. parvus and E.
ramagii groups of Lynch and Duellman (1997), respectively. Hedges
et al. (2008) also created the I. verrucosa series to comprise I. verrucosa
and Ischnocnema juipoca.

Canedo et al. (2010) described Ischnocnema surda Canedo, Pimenta,
Leite, and Caramaschi, 2010, and placed it in the I. verrucosa series.
They also took I. octavioi out of the I. guentheri series and placed it,
together with Ischnocnema penaxavantinho Giaretta, Toffoli, and
Oliveira, 2007, in the I. verrucosa series based on morphological char-
acters. Canedo and Haddad (2012) proposed a new classification for the
superfamily Brachycephaloidea based on the greatest sampling of
Ischnocnema in a phylogenetic study until then, with about 80% of its
described species. Among their most important findings was that the I.
ramagii series and I. vinhai actually belonged to Pristimantis Jiménez de
la Espada, 1870, and that I. bilineata was part of a distinct family of
Brachycephaloidea, Craugastoridae Hedges, Duellman, and Heinicke,
2008. Because they could not precisely identify the generic relation-
ships of the latter, they placed it as incertae sedis within the subfamily
Holoadeninae Hedges, Duellman, and Heinicke, 2008. They also

changed the content of all remaining Ischnocnema species series (except
for I. parva), with most of the changes occurring in the I. lactea series.
Ischnocnema abdita Canedo and Pimenta, 2010 (placed in the I. lactea
series based on morphology in the original description) and Ischnoc-
nema bolbodactyla were assigned to the I. verrucosa series, and I. ve-
nancioi went to the I. guentheri series. Additionally, Canedo and Haddad
(2012) removed I. manezinho and I. sambaqui from the I. lactea series,
and did not place them in any other series because of ambiguity in the
phylogenetic position of the clade composed of these species. The re-
cently described Ischnocnema concolor Targino, Costa, and Carvalho-e-
Silva, 2009, Ischnocnema melanopygia Targino, Costa, and Carvalho-e-
Silva, 2009, and Ischnocnema vizzotoi Martins and Haddad, 2010, had
their taxonomic position confirmed within the I. lactea series. Later, the
I. parva series gained a third member with the description of Ischnoc-
nema nanahallux Brusquetti, Thomé, Canedo, Condez, and Haddad,
2013. Brusquetti et al. (2013) proposed a phylogenetic hypothesis in-
cluding only five species of Ischnocnema and one Brachycephalus
Fitzinger, 1826, where I. nanahallux was the sister species of I. parva.
Despite many morphological similarities between I. nanahallux and the
other members of the I. parva series, Taucce et al. (2018) tested its
phylogenetic position in a more comprehensive matrix, including all
species of Ischnocnema with available genetic data at the time, and re-
covered it within the I. parva without resolution. They argued that this
lack of support was probably because they only had about 500 bp
available for I. nanahallux, while their final alignment had more than
3500 bp. These authors also described Ischnocnema feioi Taucce,
Canedo, and Haddad, 2018, and Ischnocnema garciai Taucce, Canedo,
and Haddad, 2018, and placed them within the I. guentheri series.

Recent fieldwork and museum visits allowed us to discover new
populations of Ischnocnema morphologically similar to I. hoehnei and I.
venancioi, in the Brazilian states of Rio de Janeiro and Espírito Santo
and to improve the gene sampling of I. nanahallux. Our main goals with
this paper are to: (1) construct a robust molecular phylogenetic hy-
pothesis for Ischnocnema with a better sampling than previous papers to
improve the resolution of the I. guentheri and I. parva species series, the
phylogenetic position of I. nanahallux and to assess the position of our
new populations, and (2) evaluate, using three lines of evidence (mo-
lecular, acoustic, and morphological data), whether our newly dis-
covered populations are conspecifics to I. hoehnei and I. venancioi or
distinct evolving lineages deserving a name.

2. Material and methods

2.1. Taxon and gene sampling

We compiled a molecular dataset with an ingroup composed of all
available Ischnocnema species in GenBank (all terminals and respective
accession numbers, including those sequences produced during this
work, are listed in Appendix A). Species we were not sure about the
exact identification we added the qualifier confer (cf.) to its name.
When the species had some morphological affinity to a described spe-
cies but we had some evidence (by examining the voucher or in the
literature) that the species were new to science, we added the qualifier
affinis (aff.) to its name. In order to avoid spending computational time,
we tried to keep terminals at a maximum of two per species, with two
exceptions. Ischnocnema guentheri was shown to be endemic to the
Tijuca Massif, Rio de Janeiro, Brazil, and together with I. henselii and
other candidate species to form a complex of at least six species (Gehara
et al., 2013), and we used two terminals of each of these species.
Gehara et al. (2017) showed I. parva is also a complex of several species,
and we used at least one terminal of each of the lineages of the study in
our phylogenetic hypotheses. We also added a species morphologically
similar to I. parva from the municipality of Camacan, Bahia, Brazil,
more than 900 km from the type locality of I. parva (municipality of Rio
de Janeiro, Rio de Janeiro, Brazil). We checked the voucher and it has
important morphological differences from I. parva; thus, we treat it as a
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different species. Because of its lack of resolution in previous phylo-
genetic studies (see Taucce et al., 2018), we raised the gene sampling of
I. nanahallux, adding two nuclear genes and two mitochondrial genes,
in an attempt to improve the resolution of its phylogenetic position. We
also included specimens from three putative new species related to I.
venancioi and I. hoehnei: one from the municipality of Cachoeiras de
Macacu, one from the high grasslands of the Serra dos Órgãos National
Park (PARNASO), both from the state of Rio de Janeiro, and one from
the municipality of Santa Teresa, state of Espírito Santo. We did not
have tissue samples of seven Ischnocnema species. Four were described
more than 30 years ago and were not collected at least since the late
1970’s (I. epipeda, I. gehrti, I. gualteri, and I. pusilla; Heyer, 1984), and
one was described more than 20 years ago (I. paranaensis) and is known
from its type locality only. We went to the type localities of I. epipeda, I.
gehrti, and I. gualteri (Santa Teresa, state of Espírito Santo; Para-
napiacaba, municipality of Santo André, state of São Paulo; and Granja
Comari, municipality of Teresópolis, state of Rio de Janeiro; Miranda-
Ribeiro, 1926; Heyer, 1984), but we did not succeed in finding them.
We used as outgroups six Brachycephalus species (previous hypothesis
used only two; Canedo and Haddad, 2012; Taucce et al., 2018), to re-
present the other lineage within the family Brachycephalidae, and one
species from each of the following brachycephaloid genera: Bryophryne
Hedges, Duellman and Heinicke, 2008; Craugastor (Cope, 1862); Eleu-
therodactylus; Haddadus; Hypodactylus Hedges, Duellman, and Heinicke,
2008; Lynchius Hedges, Duellman, and Heinicke, 2008; Pristimantis; and
Yunganastes Padial, Castroviejo-Fisher, Köhler, Domic, and de la Riva,
2007.

Supplementary data associated with this article can be found, in the
online version, at https://doi.org/10.1016/j.ympev.2018.06.042.

We chose the mitochondrial 12S rRNA, tRNA Val, and partial se-
quence of 16S rRNA genes, and partial sequences of the nuclear genes
tyrosinase precursor (Tyr) and recombination activation gene 1 (RAG1),
because they have been successfully used in most of the systematic
studies of the Brachycephaloidea (e.g. Hedges et al., 2008; Canedo and
Haddad, 2012; Padial et al., 2014).

2.2. Laboratory procedures

We extracted whole DNA from 100% ethanol-preserved muscle
tissue using an ammonium acetate precipitation method (adapted by
Lyra et al., 2017 from Maniatis et al., 1982) and then performed PCR
amplifications using Taq DNA Polymerase Master Mix (Ampliqon S/A,
Denmark) and Axygen Maxygene thermocyclers. The standard PCR
program for the mitochondrial markers follows Taucce et al. (2018).
For the nuclear markers we used a nested-PCR program consisting of a

first PCR reaction using the most external primers (Table 1). We then
took 1 μL of the reaction product, added the most internal primers, and
did a second PCR reaction. The first reaction consisted of a 3-min initial
denaturing step at 95 °C, followed by 20 cycles of 20 s at 95 °C, 20 s at
52 °C, and 45 s at 68 °C, followed by a final extension step of 3min at
68 °C. The second reaction consisted of a 3-min initial denaturing step
at 95 °C, followed by 40 cycles of 20 s at 95 °C, 20 s at 53 °C, and 45 s at
68 °C, followed by a final extension step of 3min at 68 °C. We purified
PCR products following Lyra et al. (2017), which were sequenced in
both directions, with a BigDye Terminator Cycle Sequencing Kit (ver-
sion 3.0, Applied Biosystems) in an ABI 3730 automated DNA se-
quencer (Applied Biosystems) at Macrogen Inc. (Seoul, South Korea).

2.3. Molecular analyses

2.3.1. Alignment, partition schemes, and nucleotide substitution model
selection

We performed alignment using MAFFT v7.130b (Katoh and
Standley, 2013). For the nuclear gene fragments, we used the G-INS-i
algorithm, which assumes that the entire region can be aligned. For the
mitochondrial gene fragments we used the E-INS-i algorithm, which is
adapted for sequences with conserved domains and rich in gaps.

We conducted an a priori partition scheme with the three mi-
tochondrial gene fragments and each codon position of the nuclear
fragments as separate partitions. Then we made a search for the best
partition scheme and best-fitting nuclear models using PartitionFinder
2.1.1 (Lanfear et al., 2017) under the Corrected Akaike Information
Criterion (AICc; Hurvich and Tsai, 1989). PartitionFinder uses max-
imum likelihood software to conduct part of the analyses, and we chose
PhyML 3.0 (Guindon et al., 2010) for this purpose.

2.3.2. Phylogenetic analyses and genetic distances
We conducted tree searches using three optimality criteria: Bayesian

inference, maximum likelihood, and maximum parsimony. We com-
puted Bayesian inference analysis in MrBayes 3.2.6 (Ronquist et al.,
2012) using two independent runs of 1.0× 107 generations, starting
with random trees and four Markov chains (one cold), sampled every
1000 generations. We discarded 25% of generations and trees as burnin
and performed the run with unlinked character state frequencies, sub-
stitution rates of the GTR model, gamma shape parameters, and pro-
portion of invariable sites between partitions. We used the standard
deviation of split frequencies (< 0.01), Estimated Sample Size
(ESS > 100), and Potential Scale Reduction Factor (PSRF; Gelman and
Rubin, 1992; should approach 1.0 as runs converge) to assess run
convergence. We computed maximum likelihood analysis in RAxML v.

Table 1
Primers used in this study.

Primer Gene Sequence Reference

tRNAphe-L F 12S AAAGCATAACACTGAAGATGTTAAGATG Goebel et al. (1999)
tRNAval-H R 12S–tRNA-V GGTGTAAGCGARAGGCTTTKGTTAAG Goebel et al. (1999)
12SL13 F tRNA-V–16S TTAGAAGAGGCAAGTCGTAACATGGTA Feller and Hedges (1998)
16STitus_1 R 16S GGTGGCTGCTTTTAGGCC Titus and Larson (1996)
16SL2A F 16S CCAAACGAGCCTAGTGATAGCTGGTT Hedges (1994)
16S-H10 R 16S TGCTTACGCTACCTTTGCACGGT Hedges (1994)
16SAR F 16S CGCCTGTTTATCAAAAACAT Palumbi et al. (1991)
16S-Wilk2 R 16S GACCTGGATTACTCCGGTCTGA Wilkinson et al. (1996)
Tyr1Ba F Tyrosinase AGGTCCTCYTRAGGAAGGAATG Bossuyt and Milinkovitch (2000)
Tyr1Ea R Tyrosinase GAGAAGAAAGAWGCTGGGCTGAG Bossuyt and Milinkovitch (2000)
Tyr1Cb F Tyrosinase GGCAGAGGAWCRTGCCAAGATGT Bossuyt and Milinkovitch (2000)
Tyr1Gb R Tyrosinase TGCTGGGCRTCTCTCCARTCCCA Bossuyt and Milinkovitch (2000)
R182a F RAG1 GCCATAACTGCTGGAGCATYAT Heinicke et al. (2007)
R270a R RAG1 AGYAGATGTTGCCTGGGTCTTC Heinicke et al. (2007)
RAG1FF2b F RAG1 ATGCATCRAAAATTCARCAAT Heinicke et al. (2007)
RAG1FR2b R RAG1 CCYCCTTTRTTGATAKGGWCATA Heinicke et al. (2007)

a Most external primers.
b Most internal primers.
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8.2.10 (Stamatakis, 2014), searching the most likely tree 100 times and
conducting 1000 non-parametric bootstrap replicates. We used the
software TNT v. 1.5 (Goloboff and Catalano, 2016) treating gaps as
missing data to construct the maximum parsimony hypothesis. The
search for the most parsimonious tree was made using 50 RAS+TBR
holding 100 trees per replicate, and the resulting trees were used to
construct a strict consensus tree. Parsimony Jackknife absolute fre-
quencies were estimated on the consensus tree using 50 RAS+TBR and
holding 10 trees per replicate for a total of 1000 replicates. The com-
mand ttags was used to save a SVG version of the tree. We used Eleu-
therodactylus as the root for all analyses, and we drew the Bayesian
inference tree using FigTree 1.4.2 (Rambaut, 2014).

We used the mitochondrial 16S rRNA fragment limited by the pri-
mers 16SAR and 16SBR (ca. 600 bp; Palumbi et al., 1991) to calculate
genetic distances among I. hoehnei, I. venancioi, and our newly dis-
covered populations. We estimated the uncorrected pairwise distances
ignoring any positions with gaps utilizing R platform version 3.3.3 (R
Core Team, 2017) with the packages APE version 5.0 (Paradis et al.,
2004) and SPIDER version 1.4-2 (Brown et al., 2012).

2.3.3. Species-tree analysis and divergence times
We reconstructed a dated species tree using the fully Bayesian

multispecies coalescent method StarBeast2 (Ogilvie et al., 2017) im-
plemented in the software package BEAST v.2.5.0 (Bouckaert et al.,
2014) using Ischnocnema terminals only. We used all terminals used in
our phylogenetic analyses, except for I. parva from the type locality,
because the available RAG1 fragment for the species is not homologous
to the one we use herein, and StarBEAST2 requires that all species have
all gene fragments used in the analysis. For this reason, we also used the
three mitochondrial fragments as a single partition. We explain our
taxon and gene sampling, as well as our species hypotheses in Section
2.1. In order to find the best-fitting nucleotide substitution model for
each partition, we used the package bModelTest (Bouckaert and
Drummond, 2017). The search for the best-fitting model runs con-
comitantly with the BEAST v.2.5.0 and StarBEAST2 analysis.

To date our species tree we used the substitution rates of 16S rRNA
gene from I. parva (Gehara et al., 2017), which is 0.006/site/Mya, and
applied it in our mitochondrial partition. We used a broad prior with

x1/ distribution in the nuclear fragments and the program coestimated
their substitution rates. We assumed a relaxed clock model with un-
correlated lognormal distribution for the mitochondrial partition and a
strict clock for both nuclear partitions, and a Yule model for the species-
tree. Because of the broad priors that we used in the nuclear clock
models, in order to facilitate the convergence of our parmeters we did
not estimate the relative rates among partitions. We ran the MCMC
chain for 100,000,000 generations, sampling every 10,000 generations,
and we discarded 10% of the total samples as burn-in. We checked
convergence of the parameters using TRACER, and we considered that a
parameter converged when the ESS was higher than 200. We sum-
marized the tree using Tree Annotator and visualized it using FigTree
1.4.2 (Rambaut, 2014).

2.4. Morphological analyses

We took the following measurements to the nearest 0.1mm with a
Mitutoyo® digital caliper under a stereomicroscope: snout-vent length
(SVL), head length (from the tip of the snout to the angle of the jaw),
head width (between the angles of the jaws), forearm length (from the
elbow to the wrist), hand length (from the wrist to the tip of the third
finger), thigh length (from the middle of the cloacal opening to the
outer edge of the knee), tibia length (from the outer edge of the knee to
the outer edge of the heel), tarsal length (from the outer edge of the
heel to the inner metatarsal tubercle), and foot length (from the prox-
imal border of the inner metatarsal tubercle to the tip of the fourth toe).
We also took eye diameter (between anterior and posterior margins of
the eye), tympanum diameter (between anterior and posterior margins

of the tympanum), eye-nostril distance (from the anterior margin of the
eye to the posterior margin of the nostril), internarial distance (between
the two medial margins of the nostrils), eye-to-eye distance (between
the anterior margins of the eyes), third finger disk length (maximum
width of disk on third finger), and fourth toe disk length (maximum
width of disk on fourth toe) with an ocular micrometer coupled to a
stereomicroscope. Sex was determined by the observation of nuptial
pads and vocal slits in males and direct observation of the gonads of
female specimens. Morphological nomenclature follows previous lit-
erature on Brachycephaloidea (Heyer, 1984; Heyer et al., 1990; Hedges
et al., 2008; Duellman and Lehr, 2009). Museum acronyms follow Sabaj
(2016) and a full list of specimens examined is given in Appendix B.

2.5. Call analyses

We recorded advertisement calls using a Marantz PMD 661 or a
Tascam DR-40, coupled to a Sennheiser K6/ME66 unidirectional mi-
crophone. Recordings were performed at 44.1 kHz with a 16 bit sam-
pling size. Oliveira et al. (2008) described the call of I. hoehnei, and the
analyzed call was kindly made available by one of the authors (Giaretta,
A. A.), which we reanalyzed and redescribed to facilitate comparisons.

To analyze the recordings we used the software Raven pro 1.5
(Bioacoustics Research Program, 2011). Spectrograms were produced
using a window size of 512 samples, 75% overlap, hop size of 128
samples, Discrete Fourier Transform (DFT) of 1024 samples, and
window type Hann. Contrast and brightness were program default (50
points each). We obtained spectrogram and oscillogram figures using
tuneR version 1.3.2 (Ligges et al., 2013) and seewave version 2.0.5
(Sueur et al., 2008) packages of R platform version 3.3.3 (R Core Team,
2017). Spectrogram figures were produced with a window length of
512 samples, 75% overlap, hop size of 128 samples, and window name
Hanning. Call recordings of Pedro P. G. Taucce (PPGT 009–014) and
Leandro O. Drummond (LOD 001–005) are deposited in the CFBH
collection. Voucher specimens are housed at CFBH and MNRJ. We list
full information for the recordings in Appendix C.

We measured the following call parameters: call duration (Köhler
et al., 2017), call rise time (Hepp and Canedo, 2013), dominant fre-
quency (Köhler et al., 2017), notes per call, note (repetition) rate (total
number of notes minus one, divided by the time between the beginning
of the first note to the beginning of the last note; modified from the call-
rate parameter of Cocroft and Ryan (1995), and note (repetition) rate
acceleration (Gehara et al., 2013). Call and note concepts follow Köhler
et al. (2017).

3. Results

3.1. Molecular analyses

3.1.1. Alignment, partition schemes, and nucleotide substitution model
selection

We obtained a final alignment of 3800 base pairs (bp).
Mitochondrial 12S rRNA, tRNAVal, and 16S rRNA had 1029, 76, and
1528 bp respectively; nuclear RAG1 and Tyr had 636 and 531 bp, re-
spectively. Some species had one or two codon insertion-deletions in
RAG1, and we moved them to maintain the reading frame when ne-
cessary. The best-fitting partition scheme had seven partitions, which
are shown together with the respective best-fitting nucleotide sub-
stitution model in Table 2. Although we used the seven partition
schemes for the maximum likelihood analysis, we used the General
Time Reversible model with γ–distribution for all of them because
RAxML does not support applying different models to different parti-
tions.

3.1.2. Phylogenetic analyses and genetic distances
The maximum likelihood and Bayesian inference analyses yielded

similar topologies (Fig. 1), and Bayesian inference runs converged for
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all parameters that we checked (see Section 2.3.2). The maximum
parsimony tree also yielded an overall similar topology, but some clades
showed low resolution (Fig. S1). From now on we give support in the

following order, inside parentheses, for a clade: Bayesian inference
posterior probability, maximum likelihood bootstrap, and maximum
parsimony jackknife. The three topologies recovered the family Bra-
chycephalidae (1.0, 93, and 71) and both genera Brachycephalus (1.0,
100, and 100) and Ischnocnema (1.0, 100, and 100) as monophyletic
with high support, as well as the I. lactea (1.0, 100, and 100) and the I.
guentheri series (0.98, 78, and 76). Within the I. guentheri series, the
three analyses recovered I. venancioi, I. hoehnei, and our putative species
in a fully supported clade (1.0, 100, and 100), separated from a clade
composed of the remaining species of the I. guentheri series (1.0, 100,

and 100), which we now redefine as the I. venancioi and the I. guentheri
series respectively. The I. verrucosa series was also recovered as mono-
phyletic, but it was poorly supported in the maximum parsimony

Table 2
Best partition scheme and respective best fitting molecular models.

Partition Model

12S and tVal GTR+ Γ+ I
16S GTR+ Γ+ I
RAG1 1st and 2nd positions GTR+ Γ
RAG1 3rd position K80+ Γ
Tyr 1st position GTR+ Γ+ I
Tyr 2nd position HKY+ Γ+ I
Tyr 3rd position GTR+ Γ

Fig. 1. The 50% majority rule consensus tree from Bayesian inference analysis of concatenated mitochondrial 12S rRNA, tVal rRNA, 16S rRNA, and nuclear
Recombination Activating Gene 1 (RAG1) and tyrosinase precursor (Tyr). Posterior probabilities are shown above the branches and maximum likelihood bootstrap
and parsimony jackknife are shown below the branches (to the left and to the right of the bar, respectively). Asterisks (*) indicate fully supported clades and hyphens
(-) indicate that the clade does not appear in the specific phylogenetic analysis.
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analysis (1.0, 99, and 58). The phylogenetic placement of the clade
composed of I. cf. manezinho and I. sambaqui (1.0, 100, and 99) was not
congruent among the three analyses. This clade was the sister group of
all Ischnocnema except for the I. lactea series in the Bayesian inference
and the maximum likelihood analyses (1.0 and 88); while in the max-
imum parsimony tree this relationship was not resolved. None of the
analyses recovered the I. parva series as monophyletic. The recently
described I. nanahallux was the sister lineage (1.0, 100, and 89) to a
clade composed of the remaining members of the I. parva series and the
members of the I. guentheri and I. venancioi series (1.0, 100, and 77),
with high support in the three topologies.

The uncorrected pairwise distance among I. venancioi, I. hoehnei,
and our putative species ranged from 7.3% (population from Cachoeiras
de Macacu and population from Santa Teresa) to 14.9% (population
from Cachoeiras de Macacu and population from the highland grass-
lands of PARNASO). The uncorrected pairwise distance within species
ranged from 0.0% (I. venancioi and the population from Santa Teresa) to
2.2% (within I. hoehnei). Distances between and within species are
summarized in Table 3.

3.1.3. Species-tree analysis and divergence times
The resulting best-fitting nucleotide models inferred by bModelTest

were TN93+ Γ+I for the mitochondrial fragment and for RAG1, and
HKY+ Γ+ I for Tyr. All parameters had an ESS higher than 450, except
for the BMT_Rates.6 for each partition, which recovered an ESS of 56,
168, and 75 for the mitochondrial fragment and nuclear RAG1 and Tyr
fragments respectively. The low ESS is expected in these parameters
because when low parameter models are sampled (like HKY and TN93),
the higher rates will be sampled very infrequently (Bouckaert and
Drummond, 2017).

StarBEAST2 recovered all Ischnocnema species series monophyletic
with strong support, except for the I. parva series (Fig. 2), just like the
other phylogenetic analyses. However, the relationships at the base of
the tree had no resolution. Our estimates of divergence times showed
that the most recent common ancestor of all Ischnocnema dates to
48Mya, during the middle Eocene. The divergences of the Ischnocnema
series span a large time frame, dating from the end of Eocene to the end
of Oligocene, and the divergences within the species series date mainly
to the Miocene. Very few clades date to the Pliocene, and the only

divergence during the Pleistocene is the one originating I. concolor and
I. vizottoi.

3.2. Morphological analyses

Both external morphology and morphometric characters were im-
portant for the recognition of I. hoehnei, I. venancioi, and our putative
species. However, because only one specimen from the population from
Cachoeiras de Macacu was available for us to examine, we preferred to
exclude it from our morphometric analysis.

Two characters distinguish both putative species from the other
species of the I. guentheri series: Finger I smaller than Finger II (Finger I
approximately the same size as Finger II in other species) and disks of
fingers III and IV large and truncated (smaller and usually rounded in
other species; Fig. 3). The SVL (Table 4; Fig. 4), the pattern of the
posterior surface of the thigh (Fig. 5), the relative size of Finger I
compared to Finger II, and the ratios foot length/SVL, tibia length/SVL,
and fourth toe disk width/third finger disk width were important for
differentiating I. venancioi, I. hoehnei, and the populations from Santa
Teresa and the high-elevation grasslands of PARNASO. We give detailed
information about the diagnostic characters and other morphological
traits in the Taxonomic Accounts section.

3.3. Call analyses

We analyzed 30 advertisement calls from 12 individuals. We had
calls available for I. hoehnei and for the putative species from Santa
Teresa and the high-elevation grasslands of the PARNASO. The adver-
tisement calls are emitted sporadically as groups of short notes, without
regular intervals between calls. The first notes have low energy, with
notes increasing in energy gradually until an energy peak is reached
(Fig. 6A–C). All analyzed advertisement calls are different from each
other, and they are distinguished mainly by the dominant frequency,
note (repetition) rate, and notes per call (Table 5). We also analyzed 19
territorial calls from two individuals from the population of Santa
Teresa. The territorial and advertisement calls share a similar structure,
but the first has a shorter call duration and its notes increase in energy
more sharply than in the latter (Fig. 6D; Table 5).

Table 3
Uncorrected pairwise genetic distances (percentage) of mitochondrial 16S rRNA fragment (ca. 600 bp) within (highlighted in gray) and among members of the
Ischnocnema venancioi species series. Data are shown as range (mean) where appropriate. NA=not applicable.
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3.4. Taxonomic accounts

The I. parva series, as formerly known (Brusquetti et al., 2013; fol-
lowed by Padial et al., 2014), comprises I. parva, I. pusilla, and I. na-
nahallux. In our three phylogenetic analyses the I. parva series is not
recovered as monophyletic (Figs. 1 and S1), with I. nanahallux as the
sister group of the remaining I. parva, I. venancioi, and I. guentheri series.
So, to avoid non-monophyletic groupings, we propose the removal of I.
nanahallux from the I. parva series.

Ischnocnema venancioi and I. hoehnei are formerly in the I. guentheri
series (Canedo and Haddad, 2012; Padial et al., 2014; Taucce et al.,
2018). We recovered these and the other related species in a fully
supported clade (1.0, 100, and 100), the sister group to all the re-
maining members of the I. guentheri series. Our results show that the

members of the I. venancioi clade, besides being molecularly different,
are also phenotypically distinguishable from all other currently re-
cognized Ischnocnema species series. For this reason, we propose the I.
venancioi species series to include the members of this clade. We also
redefine the I. guentheri series to fit this new arrangement.

Finally, based on the molecular, acoustic, and morphological evi-
dences presented here, we consider I. venancioi, I. hoehnei, and the two
populations from the high-elevation grasslands of the PARNASO and
Santa Teresa as distinct evolving lineages. We also have strong mole-
cular evidence that the population from Cachoeiras de Macacu is a
distinct evolving lineage. However, because we are using an integrative
approach and our only specimen from this population has no recorded
advertisement call, we do not describe it as new species. The original
descriptions of I. venancioi and I. hoehnei are good and were made with

Fig. 2. Time-calibrated topology inferred from StarBEAST2 analysis. Numbers above branches indicate posterior probabilities and node numbers indicate mean node
ages. Blue bars indicate standard deviation of node ages. Asterisks (*) indicate fully supported clades.
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care at the time (Lutz, 1958), but to bring the descriptions to a modern
context and to enhance comparisons, we redescribe both species. We
then describe the populations from Santa Teresa and from the high-
elevation grasslands of PARNASO as new species, since there is no
available name for them.

This published work and the nomenclatural acts it contains have
been registered in ZooBank, the online registration system for the ICZN.

The LSID (Life Science Identifier) for this publication is FA39CA94-
8829-4457-8D58-D1FD8B24D47A.

3.4.1. Ischnocnema guentheri species series
Diagnosis: The I. guentheri series is distinguished from all other

Ischnocnema species series by the following combination of characters:
(1) Finger I approximately the same size as Finger II; (2) tips of fingers

Fig. 3. Character states of the tip of Finger III in the members of the Ischnocnema venancioi and I. guentheri series: large and truncated in (A) I. hoehnei and (B) I.
venancioi; rounded in (C) I. guentheri and (D) I. oea. Scale bars= 1mm (A, C) and 0.5 mm (B, D).

Table 4
Snout-vent length (SVL) and body proportions of Ischnocnema venancioi, I. hoehnei, I. parnaso sp. nov., and I. colibri sp. nov. Data are given as range (mean ± standard
deviation) where appropriate. All measurements are in millimeters.

SVL and body
proportions

Adult males Adult females

I. venancioi
(n= 31)

I. hoehnei (n= 3) I. parnaso sp. nov.
(n= 5)

I. colibri sp. nov.
(n= 5)

I. venancioi
(n= 1)

I. hoehnei
(n= 1)

I. parnaso sp.
nov. (n= 1)

I. colibri sp. nov.
(n=3)

SVL 15.7–22.3 30.6–34.8 27.1–30.3 22.9–25.2 24.1 42.7 38.0 31.1–34.6
(17.5 ± 1.3) (32.4 ± 2.2) (28.8 ± 1.2) (23.9 ± 1.1) (33.3 ± 1.9)

Head length/SVL 0.37–0.47 0.39–0.43 0.39–0.40 0.39–0.42 0.40 0.43 0.39 0.41–0.43
(0.43 ± 0.03) (0.41 ± 0.02) (0.39 ± 0.01) (0.40 ± 0.01) (0.42 ± 0.01)

Head width/SVL 0.31–0.38 0.33–0.36 0.30–0.35 0.32–0.35 0.33 0.36 0.33 0.33–0.37
(0.35 ± 0.02) (0.34 ± 0.02) (0.34 ± 0.02) (0.33 ± 0.1) (0.35 ± 0.02)

Head width/head
length

0.72–0.93 0.81–0.84 0.78–0.90 0.79–0.82 0.81 0.82 0.86 0.81–0.84
(0.81 ± 0.05) (0.83 ± 0.02) (0.86 ± 0.05) (0.81 ± 0.01) (0.83 ± 0.02)

Eye diameter/head
length

0.26–0.36 0.28–0.32 0.29–0.31 0.29–0.36 0.23 0.34 0.25 0.26–0.29
(0.32 ± 0.02) (0.30 ± 0.02) (0.31 ± 0.01) (0.32 ± 0.03) (0.27 ± 0.01)

Tympanum diameter/
head length

0.09–0.17 0.11–0.13 0.10–0.13 0.12–0.14 0.09 0.13 0.11 0.11–0.13
(0.12 ± 0.02) (0.12 ± 0.01) (0.12 ± 0.01) (0.13 ± 0.01) (0.12 ± 0.01)

Tympanum diameter/
eye diameter

0.27–0.57 0.40–0.43 0.34–0.43 0.34–0.48 0.32 0.38 0.44 0.38–0.48
(0.37 ± 0.06) (0.41 ± 0.01) (0.39 ± 0.04) (0.41 ± 0.05) (0.43 ± 0.05)

Internarial distance/
head length

0.21–0.54 0.29–0.32 0.34–0.49 0.41–0.48 0.20 0.35 0.32 0.32–0.34
(0.43 ± 0.09) (0.30 ± 0.02) (0.44 ± 0.07) (0.46 ± 0.03) (0.33 ± 0.01)

Eye-to-eye distance/
head length

0.34–0.55 0.57–0.59 0.41–0.47 0.42–0.52 0.39 0.39 0.46 0.42–0.47
(0.46 ± 0.05) (0.58 ± 0.01) (0.44 ± 0.02) (0.47 ± 0.04) (0.44 ± 0.02)

Eye-nostril distance/
head length

0.14–0.29 0.27–0.31 0.19–0.30 0.21–0.29 0.23 0.34 0.22 0.29–0.31
(0.20 ± 0.04) (0.29 ± 0.02) (0.23 ± 0.04) (0.27 ± 0.04) (0.30 ± 0.01)

Forearm length/SVL 0.16–0.24 0.18–0.20 0.17–0.20 0.18–0.21 0.22 0.22 0.19 0.20–0.23
(0.21 ± 0.02) (0.20 ± 0.01) (0.19 ± 0.01) (0.20 ± 0.01) (0.21 ± 0.01)

Hand length/SVL 0.23–0.30 0.31–0.32 0.27–0.30 0.28–0.32 0.27 0.43 0.27 0.28–0.31
(0.26 ± 0.02) (0.32 ± 0.01) (0.29 ± 0.01) (0.30 ± 0.02) (0.29 ± 0.01)

Third finger disk
width/hand
length

0.12–0.24 0.17–0.18 0.15–0.16 0.16–0.18 0.20 0.18 0.16 0.16–0.19
(0.17 ± 0.03) (0.17 ± 0.00) (0.16 ± 0.01) (0.17 ± 0.01) (0.17 ± 0.01)

Fourth toe disk width/
third finger disk
width

0.95–0.96 0.53–0.93 1.00–1.07 0.87–0.96 0.77 0.93 1.09 0.73–0.92
(0.96 ± 0.00) (0.73 ± 0.12) (1.04 ± 0.04) (0.90 ± 0.04) (0.84 ± 0.09)

Thigh length/SVL 0.42–0.57 0.57–0.61 0.51–0.55 0.52–0.54 0.50 0.59 0.52 0.53–0.57
(0.48 ± 0.04) (0.59 ± 0.02) (0.53 ± 0.01) (0.52 ± 0.01) (0.55 ± 0.02)

Tibia length/SVL 0.48–0.60 0.67–0.72 0.55–0.59 0.56–0.59 0.55 0.73 0.57 0.58–0.62
(0.55 ± 0.03) (0.69 ± 0.03) (0.58 ± 0.02) (0.58 ± 0.01) (0.61 ± 0.02)

Tarsal length/SVL 0.26–0.36 0.30–0.35 0.26–0.30 0.27–0.30 0.29 0.34 0.32 0.29–0.31
(0.32 ± 0.03) (0.33 ± 0.02) (0.28 ± 0.02) (0.29 ± 0.01) (0.30–0.01)

Foot length/SVL 0.40–0.54 0.67–0.70 0.55–0.63 0.52–0.55 0.48 0.67 0.62 0.54–0.60
(0.46 ± 0.04) (0.68 ± 0.02) (0.59 ± 0.03) (0.53 ± 0.01) (0.57–0.03)
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II–IV expanded, discs of fingers III and IV medium-sized and usually
rounded (Fig. 3C and D); (3) long legs, tibia length>60% of SVL; (4)
one large, conspicuous, glandular-appearing nuptial pad on Finger I; (5)
dorsum smooth or finely tuberculate.

Content: The taxon contains 10 species: Ischnocnema epipeda (Heyer,
1984); Ischnocnema erythromera (Heyer, 1984); I. feioi (Taucce, Canedo,
and Haddad, 2018; I. garciai Taucce, Canedo, and Haddad, 2018; Isch-
nocnema gualteri (B. Lutz, 1974); I. guentheri (Steindachner, 1864); I.
henselii (Peters, 1870); I. izecksohni (Caramaschi and Kisteumacher,
1989); I. nasuta (A. Lutz, 1925); and Ischnocnema oea (Heyer, 1984).

Distribution: The taxon is distributed throughout the Atlantic Forest
in Southeast and South Brazil, in the states of Rio Grande do Sul, Santa
Catarina, Paraná, São Paulo, Rio de Janeiro, Minas Gerais, and Espírito
Santo. Ischnocnema henselii reaches the province of Misiones, northern
Argentina.

Remarks: Ischnocnema epipeda and I. gualteri have yet to be phylo-
genetically tested, but we agree with previous authors (Canedo and
Haddad, 2012; Taucce et al., 2018) and maintain these two species in
the I. guentheri series based on external morphology. Efforts towards
finding both species are of paramount importance to understand the

Fig. 4. Dorsal (above) and ventral (below) views of the members of the Ischnocnema venancioi series, showing the size differences among them: (A) I. venancioi, (B) I.
colibri sp. nov., (C) I. parnaso sp. nov., and (D) I. hoehnei. Scale bar= 5mm.

Fig. 5. Color patterns of the posterior surface of the thigh of the members of the Ischnocnema venancioi series: (A) and (B) I. venancioi, (C) I. hoehnei, (D) I. parnaso sp.
nov., and (E) I. colibri sp. nov. Scale bar= 1mm (A, B) and 2mm (C–E).
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phylogenetic relationships within the I. guentheri series.

3.4.2. Ischnocnema venancioi species series, new taxon
Diagnosis: The I. venancioi series is distinguished from all other

Ischnocnema species series by the following combination of characters:
(1) Finger I smaller than Finger II; (2) tips of fingers II–IV expanded,
discs of fingers III and IV large and truncated (Fig. 3A and B); (3) one
large, conspicuous, glandular-appearing nuptial pad on Finger I; (4)
dark-brown to black mask-like stripe starting at the tip of the snout or
the nostril, contouring the canthus rostralis, passing through the eye
(better seen in life, color fades in preservative, Fig. 7), contouring the
dorsal portion of the tympanum, and finishing near arm insertion; (5)
dorsum smooth or finely tuberculate.

Content: The taxon contains four species: I. venancioi (Lutz, 1958), I.
hoehnei (Lutz, 1958), I. parnaso sp. nov., and I. colibri sp. nov.

Distribution: The taxon is distributed in the mountainous lands of

Serra do Mar mountain range of the states of São Paulo and Rio de
Janeiro and in the north portion of the Serra da Mantiqueira mountain
range in the state of Espírito Santo, all in Southeast Brazil, from 800m
to almost 2200m of elevation (Fig. 8).

Remarks: Lutz (1958) had already grouped the species of this series,
and described I. venancioi and I. hoehnei in the same paper. All sub-
sequent phylogenetic hypotheses including both species have recovered
them as sister taxa (Canedo and Haddad, 2012; Taucce et al., 2018).
The two species were previously placed in the I. guentheri series (Canedo
and Haddad, 2012; Padial et al., 2014; Taucce et al., 2018), and despite
the two series being always recovered as sister taxa (Canedo and
Haddad, 2012; Taucce et al., 2018, this study), the previously proposed
morphological diagnosis for the I. guentheri series, including the I. ve-
nancioi series members, is no longer applicable for species of both series
together. We recovered the I. venancioi series as a fully-supported clade
in our three analyses, and our data show that these species share some

Fig. 6. Advertisement (A, B, and C) and territorial (D) calls of the members of the Ischnocnema venancioi series: (A) I. hoehnei (recording from A. A. Giaretta), (B) I.
parnaso sp. nov. (LOD 003), and (C, D) I. colibri sp. nov. (PPGT 014).

Table 5
Acoustic parameters comparing the advertisement calls of the members of the Ischnocnema venancioi species series and the territorial call of I. colibri sp. nov. Data are
given as ranges when applicable.

Species I. hoehnei I. parnaso sp. nov. I. colibri sp. nov.

Type of call Advertisement call Advertisement call Advertisement call Territorial call
Call duration (s) 1.65 1–1.5 0.9–1.2 0.17–0.51
Call rise time (%) 96 42–92 53–89 5–92
Dominant frequency (kHz) 1.9 2.34–2.67 2.67–2.84 2.63–2.93
Notes per call 59 18–29 40–53 8–23
Note rate (notes/s) 35.78 16.55–21.17 41.3–44.87 45–50.25
Note (repetition) rate acceleration (%) −1 −36 to −11 −15 to 33 −19 to 2
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morphological features distinguishing them from all other Ischnocnema
species series. For these reasons we decided to create the I. venancioi
series.

3.4.2.1. Ischnocnema venancioi (B. Lutz, 1958). Redescription
(Figs. 3B, 4A, 5A, B, 7A, B, and 9)

Eleutherodactylus venancioi B. Lutz, 1958

Eleutherodatylus (Eleutherodactylus) venancioi – Lynch and Duellman,
1997

Ischnocnema venancioi – Heinicke, Duellman, and Hedges, 2007
Lectotype: MNRJ 53573, adult male, designated herein, Serra dos

Órgãos National Park (PARNASO), municipality of Teresópolis, state of
Rio de Janeiro, Brazil, collected by Bertha Lutz in February 1956.

Paralectotypes: MNRJ 35185–35187, adult males collected in the

Fig. 7. Live specimens of the Ischnocnema venancioi series showing the mask-like pattern and the vivid yellow on the posterior surface of the thigh of I. venancioi. (A) I.
venancioi (photo by L. O. Drummond), (B) I. venancioi (photo by L. O. Drummond), (C) I. hoehnei (photo by L. R. Malagoli), (D) I. parnaso sp. nov. (photo by L. O.
Drummond), and (E) I. colibri sp. nov. (photo by C. F. B. Haddad).

Fig. 8. Geographic distribution of the members of the Ischnocnema venancioi series. Solid symbols represent the type locality of each species. Area above 500 and
1000m shaded gray.
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municipality of Teresópolis, state of Rio de Janeiro, Brazil, by B. Lutz
and J. Venancio in November 1944. MNRJ 53565–53566, poorly pre-
served, sex undetermined, collected in the municipality of Teresópolis,
state of Rio de Janeiro, Brazil, by B. Lutz on 21 October 1952. MNRJ
53572, 53574–53580, 53582–53589, adult males and MNRJ 53581,
poorly preserved, sex undetermined, collected with the lectotype.
MNRJ 53597, adult male, and MNRJ 53598, juvenile, collected in the
municipality of Teresópolis, state of Rio de Janeiro, Brazil, by B. Lutz
and J. Venancio in July 1943. MNRJ 53599–53600, poorly preserved,
sex undetermined, collected at PARNASO, municipality of Teresópolis,
state of Rio de Janeiro, Brazil, by B. Lutz and J. Venancio on 20 October
1946. MNRJ 56191–53194, adult males collected at PARNASO, muni-
cipality of Teresópolis, state of Rio de Janeiro, Brazil, by B. Lutz on
23–26 November 1956. MNRJ 56213, adult male, and MNRJ 56214,
juvenile, collected at PARNASO, municipality of Teresópolis, state of
Rio de Janeiro, Brazil, by B. Lutz and J. Venancio on 1–10 December
1944.

Diagnosis: In the I. venancioi series by phylogenetic placement
(Fig. 1) and the following combination of characters: (1) Finger I
smaller than Finger II; (2) tips of fingers expanded, discs of fingers III
and IV large and truncated (Fig. 3B); (3) one large, conspicuous,
glandular-appearing nuptial pad on Finger I; (4) black mask-like stripe
starting at the tip of the snout or the nostril, contouring the canthus
rostralis, passing through the eye (better seen in life, color fades in
preservative, Fig. 7), contouring the dorsal portion of the tympanum,
and finishing near arm insertion; (5) dorsum smooth or finely tu-
berculate.

Ischnocnema venancioi is distinguished from all other species of the I.
venancioi series by the following combination of characters: (1) small
size (SVL in males 15.7–22.3 mm, n= 31; female 24.1mm, n= 1); (2)
in preservative, posterior face of the thigh with cream oval spots on a

dark-brown background or with slim dark-brown bars on a cream
background (Fig. 5A, B; cream spots and background yellow to orange
in life); (3) Finger I much smaller than Finger II (Finger I half to two
thirds the size of Finger II, not reaching the base of its disk); (4) foot
small (foot length/SVL 0.40–0.54); (5) tibia small; (tibia length/
SVL= 0.48–0.60); (6) fourth toe disk small (fourth toe disk width/third
finger disk width=0.53–0.93).

Description of lectotype: Small size (SVL 17.4 mm). Head longer than
wide; head length 46% of SVL, head width 37% of SVL; snout sub-
elliptical in dorsal view, acuminate in lateral view; nostril rounded,
oriented laterally, located near the tip of the snout; canthus rostralis
slightly distinct, straight; loreal region slightly concave; postrictal tu-
bercles absent; eye protuberant, oriented laterally; eye diameter 31% of
head length; palpebral tubercles absent; tympanum distinct, rounded;
tympanic membrane undifferentiated; annulus present, visible ex-
ternally; tympanum diameter 34% of eye diameter; supratympanic fold
absent; vocal slits present; vocal sac not apparent; tongue elliptical,
without posterior notch; choanae rounded; dentigerous processes of the
vomer located posteromedially to choanae, triangle-shaped, medially
separated by a gap approximately the width of one dentigerous process;
vomerine teeth present.

Forelimb slender; palmar tubercle indistinct; thenar tubercle indis-
tinct; single glandular-appearing nuptial pad, extending dorsally from
the distal to the proximal portion of metacarpus on Finger I; palm
smooth; supernumerary tubercles absent; single subarticular tubercles
prominent, rounded, large; fingers slender, without fringes; tip of
Finger I slightly expanded; tips of fingers II– IV fairly expanded, trun-
cated, with a V-shaped median slit in dorsal view; fourth toe disk small,
width 56% of third finger disk; Finger I approximately two thirds the
size of Finger II; finger lengths I < II < IV < III.

Hindlimb slender; shank longer than thigh; tibia length 57% of SVL,

Fig. 9. Clockwise, from the upper left corner: dorsal and lateral views of the head and ventral views of the left hand and left foot of the lectotype of Ischnocnema
venancioi, MNRJ 53573. Scale bar= 5mm.
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thigh length 51% of SVL; calcar tubercle absent; tarsal folds absent; foot
small, length 45% of SVL; inner metatarsal tubercle elliptical, much
larger than rounded outer metatarsal tubercle; sole of foot smooth;
supernumerary tubercles absent; single subarticular tubercles present,
large, prominent, rounded; toes long, slender, without fringes; tip of
Toe I slightly expanded; tips of toes II–V fairly expanded, truncated,
with a V-shaped median slit in dorsal view; toe lengths
I < II < V < III < IV.

Dorsal skin smooth, with a few sparse tubercles; vertebral line from
behind the eyes to vent; venter smooth; discoidal and thoracic folds
absent.

Coloration of lectotype in preservative: The specimen is rather faded so
the dorsal pattern is unclear. Dorsum yellowish-brown; one large brown
heart-shaped spot starting just posterior to eyes and reaching level of
the top of tympanum; two brown dots at the level of arm insertion; one
brown transverse narrow band at the level of the sacral vertebra; head
yellowish-brown, with one brown spot on the dorsal surface just ante-
rior to eyes; loreal region with brown mask-like stripe from the tip of
the nose to near the arm insertion; forelimb yellowish-brown; hindlimb
yellowish-brown; posterior surface of the thigh with cream-colored oval
spots surrounded by a brown background; venter and gular region
cream-colored, with sparse brown dots.

Measurements of lectotype (in millimeters): SVL 17.4, head length 8.0,
head width 6.5, eye diameter 2.5, tympanum diameter 0.9, eye-nostril
distance 1.5, internarial distance 1.8, eye-to-eye distance 2.8, forearm
length 3.8, hand length 4.2, third finger disk length 0.9, thigh length
8.8, tibia length 10.0, tarsal length 5.9, foot length 7.9, and fourth toe
disk length 0.5.

Variation: Additional referred specimens are listed in Appendix B.
Nostril opening can also be elliptical, as can also be the tympanum.
Tongue is elliptical, ovoid, or rounded. Finger I is half to two-thirds as
large as Finger II. Some specimens have palpebral tubercles. Palmar and
thenar tubercles are sometimes slightly distinct, the former heart-
shaped and the latter elliptical, both the same size. Posterior surface of
the thigh in preservative with cream-colored spots over a brown
background or brown bars over a cream-colored background (Fig. 5A,
B; cream-colored portions yellow to orange in life, Fig. 7A, B). Dorsum
can also be finely tuberculate. Lutz (1958) stated, and we confirm, that
I. venancioi has three dorsal patterns: one with “longitudinal bands of
diverse tones” (Fig. 4A; Figs. 1, 3, and 6 in Lutz (1958)); the “tapestry-
like” pattern, with “intrincate figures, centered around the narrow light
vertebral line” (Fig. 7B; Figs. 2, 4, and 5 in Lutz (1958)); and no distinct
pattern (Fig. 7A). Sometimes the nuptial pad is difficult to see because it
is exactly the same color as the skin. Female specimen (SVL 24.1mm,
n=1) is much larger than male specimens (SVL 15.7–22.3mm,
n=31). Variation in SVL and body proportions is given in Table 4. In
life the iris is bicolored, with a lighter superior half with shades going
from metallic blue to light brown, and a darker lower half usually of a
dark brown shade similar to that of the canthal stripe.

Advertisement call: Not formally described. In the original descrip-
tion (Lutz, 1958) the sound is described as a “crrr crrr”, which makes
sense when you listen to the calls of the other species in the I. venancioi
series (described below).

Comparison with other species: Finger I smaller than Finger II dis-
tinguishes I. venancioi from members of the I. guentheri, I. parva, and I
verrucosa series and from I. manezinho (Finger I approximately the same
size as Finger II in these species; Garcia, 1996; Hedges et al., 2008).
Expanded tips of fingers II–IV and large truncated discs of fingers III and
IV distinguish I. venancioi from members of the I. parva series, I. na-
nahallux (tips of fingers not expanded in these species; Hedges et al.,
2008; Brusquetti et al., 2013), and members of the I. verrucosa series
(disks small or moderately-sized in these species; Hedges et al., 2008;
Canedo et al., 2012). The large, conspicuous, glandular-appearing
nuptial pad differentiates I. venancioi from I. manezinho, I. sambaqui, I.
nanahallux, and the members of the I. lactea series (minute nuptial pad
in I. randorum; translucent in I. nigriventris and I. vizottoi; reduced to

some white granules in I. holti; absent in I. manezinho, I. sambaqui, I.
nanahallux, I. melanopygia and I. spanios; unknown in other species;
Heyer, 1985; Hedges et al., 2008; Targino and Carvalho-e-Silva, 2008;
Berneck et al., 2013) and I. verrucosa series (except for I. surda; faint,
translucent nuptial pad in I. karst [Canedo, Targino, Leite, and Haddad,
2012]; absent in other species; Hedges et al., 2008; Canedo et al., 2010,
2012). The mask-like stripe starting at the tip of the snout or the nostril,
contouring the canthus rostralis, passing through the eye, contouring the
dorsal portion of the tympanum, and finishing near arm insertion dis-
tinguishes I. venancioi from I. manezinho, I. sambaqui, and the members
of the I. guentheri, I. lactea, and I. verrucosa series (mask-like stripe
usually absent in these species; when present it does not pass through
the eye). The smooth or finely tuberculate dorsum distinguishes I. ve-
nancioi from I. sambaqui (rugose in I. sambaqui; Castanho and Haddad,
2000) and from the members of the I. verrocusa series (tuberculate in
these species; Hedges et al., 2008; Canedo et al., 2010, 2012).

Ischnocnema venancioi (SVL of males 15.7–22.3mm, female
24.1 mm) differs from all other species of the I. venancioi series by its
smaller size (SVL of males of other species of the I. venancioi species
series 22.9–34.8 mm; of females 31.1–42.7mm), by the posterior sur-
face of the thigh with cream-colored ovoid spots on a dark-brown
background or with dark-brown slim bar on a cream-colored back-
ground in preservative (cream-colored spots and background yellow to
orange in life; posterior surface of the thigh mottled in other species of
the I. venancioi species series), and by Finger I being much smaller than
Finger II (Finger I reaching approximately the base of the disk of Finger
II in other species of the I. venancioi species series).

By its smaller foot, I. venancioi (foot length/SVL= 0.40–0.54) dif-
fers from I. hoehnei (foot length/SVL=0.67–0.70) and from I. parnaso
sp. nov. (foot length/SVL= 0.55–0.63). By its smaller tibia, I. venancioi
(tibia/SVL=0.48–0.60) differs from I. hoehnei (tibia/SVL= 0.67–0.73)
and by the smaller fourth toe disk, I. venancioi (fourth toe disk length/
third finger disk length=0.53–0.93) differs from I. parnaso sp. nov.
(fourth toe disk length/third finger disk length= 1.00–1.09).

Geographic distribution: Ischnocnema venancioi is currently known
from the highlands above 800m of the Serra dos Órgãos mountain
range in the state of Rio de Janeiro, in the municipalities of Teresópolis
and Nova Friburgo.

Natural history notes: The species is usually found in association with
bromeliad plants (Lutz, 1958; this study). Individuals start calling at
dusk while perched on the leaves of ground bromeliads or other low
vegetation (Lutz, 1958).

Remarks: In the original description of Eleutherodactylus venancioi
(=Ischnocnema venancioi), Lutz (1958) included in the “Type locality
and types” section (Localidade tipo e tipos section in the part in Portu-
guese) “6 female cotypes, 60 paratypes, males or not sexed” but did not
designate a holotype or give museum numbers. Based on the article
72.1.1 of the International Code of Zoological Nomenclature, we con-
sider all 66 specimens as the type series, because the author referred to
all of them as types (Lutz 1958). Additionally, separating the specimens
in “cotypes” and “paratypes” is not a situation provided by article
72.4.6, so we consider all 66 specimens as syntypes. We found 33
specimens at the Museu Nacional, Rio de Janeiro, Brazil, collected be-
fore 1958 (the year of the species description), and since Bertha Lutz
worked at the Museu Nacional, and all the specimens were collected by
her, we assume that these were part of the specimens that she used to
describe E. venancioi. Most specimens are well-preserved and bear all
the diagnostic characters that we used to identify the species. So,
among these well-preserved specimens, we hereby designate the MNRJ
53573 as the lectotype of E. venancioi. All other specimens (partially
listed above) are paralectotypes.

Frost (2018) mentions that the species is known from the coastal
mountains of Rio de Janeiro and São Paulo, Brazil, but we are not aware
of I. venancioi occurring in any locality outside the state of Rio de Ja-
neiro.
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3.4.2.2. Ischnocnema hoehnei (Lutz, 1958). Redescription (Figs. 3A,
4D, 5C, 7C, and 10)

Eleutherodactylus hoehnei Lutz, 1958
Eleutherodatylus (Eleutherodactylus) hoehnei – Lynch and Duellman,

1997
Ischnocnema hoehnei – Heinicke, Duellman, and Hedges, 2007
Holotype: AL-MN 2525, adult female collected at Reserva Biológica

do Alto da Serra de Paranapiacaba (RBASP, formerly Estação Biológica
do Alto da Serra), Paranapiacaba, municipality of Santo André, state of
São Paulo, Brazil, by F. C. Hoehne in April 1934.

Paratypes: AL-MN 2526 (collected with the holotype; not examined),
AL-MN 3376 (cleared for osteological studies according to the original
publication; not examined), MZUSP 10201–10206, 10177–10178,
11000, 11064 (not examined).

Diagnosis: In the I. venancioi series by phylogenetic placement
(Fig. 1) and the following combination of characters: (1) Finger I
smaller than Finger II; (2) tips of fingers expanded, discs of fingers III
and IV large and truncated (Fig. 3A); (3) one large, conspicuous,
glandular-appearing nuptial pad on Finger I; (4) black mask-like stripe
starting at the tip of the snout or the nostril, contouring the canthus
rostralis, passing through the eye (better seen in life, Fig. 7), contouring
the dorsal portion of the tympanum, and finishing near arm insertion;
(5) dorsum smooth or finely tuberculate. Ischnocnema hoehnei is dis-
tinguished from all other species of the I. venancioi series by the fol-
lowing combination of characters: (1) large size (SVL of males
30.6–34.8 mm, n=3; female 42.7 mm, n= 1); (2) foot large (foot
length/SVL 0.67–0.70); (3) tibia large (tibia length/SVL= 0.67–0.73);
(4) posterior face of thigh mottled, forming small irregular spots in

some specimens (Fig. 5C); (5) Finger I slightly smaller than Finger II (tip
of Finger I reaching the base of the disk of Finger II approximately); (6)
fourth toe disk small (fourth toe disk width/third finger disk
width= 0.93–0.96); (7) low advertisement call frequency (1.90 kHz);
(8) advertisement call with a high number of notes (59); (9) medium
note (repetition) rate (35.85 notes per second).

Redescription of holotype: large size (42.7mm), head longer than
wide; head length 43% of SVL; head width 36% of SVL; snout sub-
elliptical in dorsal view, acuminate in lateral view; nostril elliptical,
oriented laterally, located near tip of snout; canthus rostralis distinct,
straight; loreal region slightly concave; postrictal tubercles absent; eye
protuberant, oriented laterally; eye diameter 34% of head length; one
palpebral tubercle; tympanum distinct, rounded; tympanic membrane
undifferentiated; annulus present, visible externally; tympanum dia-
meter 38% of eye diameter; supratympanic fold absent; tongue large,
ovoid, without posterior notch; choanae rounded; dentigerous pro-
cesses of the vomer located posteriormedially to choanae, triangle-
shaped, medially separated by a gap approximately the width of one
dentigerous process; vomerine teeth present.

Forelimb slender; palmar tubercle slightly distinct, heart-shaped;
thenar tubercle elliptical, less than half the size of palmar tubercle;
palm smooth; three slightly distinct supernumerary tubercles; single
subarticular tubercles prominent, rounded, large; fingers slender,
without fringes; tip of Finger I slightly expanded; tips of fingers II–IV
fairly expanded, truncated, with a V-shaped median slit in dorsal view;
fourth toe disk small; fourth toe disk width 93% of third finger disk;
Finger I slightly smaller than Finger II, its length reaching the base of
Finger II disk; finger lengths I < II < IV < III.

Fig. 10. Clockwise, from the upper left corner: dorsal and lateral views of the head and ventral views of the left hand and left foot of the holotype of Ischnocnema
hoehnei, AL-MN 2525. Scale bar= 5mm.

P.P.G. Taucce et al. Molecular Phylogenetics and Evolution 128 (2018) 123–146

136



Hindlimb slender; shank longer than thigh; tibia length 73% of SVL;
thigh length 59% of SVL; posteroventral surface of the thighs areolate;
calcar tubercle small; tarsal folds absent; foot large; foot length 67% of
SVL; inner metatarsal tubercle elliptical, much larger than outer me-
tatarsal tubercle, rounded; sole of foot smooth; a few small super-
numerary tubercles; single subarticular tubercles present, large, pro-
minent, rounded; toes long, slender, with discrete fringes; tip of Toe I
slightly expanded; tips of toes II–V fairly expanded, truncated, with a V-
shaped median slit in dorsal view; toe lengths I < II < V < III < IV.

Dorsal skin smooth, with a few sparse tubercles; vertebral line from
just anterior to eyes extending almost to vent; venter finely tuberculate;
discoidal and thoracic folds present.

Coloration of holotype in preservative: The specimen is somewhat
faded. Dorsum with shades of beige and brown, with a broad brown
band of irregular width starting posterior to the eyes and finishing at
the vent, narrowing three times throughout its length, and irregularly
spaced brown dots; loreal region with brown mask-like stripe from the
tip of the nose to near arm insertion; forelimb beige; hindlimb striped
beige and faded brown dorsally; cream-colored ventrally; posterior
surface of the thighs beige; venter beige.

Measurements of holotype (in millimeters): SVL 42.7, head length
18.5, head width 15.2, eye diameter 6.3, tympanum diameter 2.4, eye-
nostril distance 3.6, internarial distance 5.2, eye-to-eye distance 7.3,
forearm length 9.5, hand length 13.2, third finger disk length 2.4, thigh
length 25.1, tibia length 31.0, tarsal length 14.6, foot length 28.8, and
fourth toe disk length 2.2.

Variation: Additional referred specimens are listed in Appendix B.
Dorsum can be finely tuberculate, mask-like stripe can reach beyond
the insertion of the arms, and tongue is elliptical in some specimens.
Fingers of other specimens bear discrete fringes and the dorsal pattern
is variable (see Lutz, 1958 for illustrations). Vocal sac in males is single,
subgular, and slightly expanded externally, vocal slits present and
nuptial pad single, apparently-glandular, same color as the hand. Fe-
male specimen (SVL 42.7 mm, n=1) is much larger than male speci-
mens (SVL 30.6–34.8 mm, n=3). Variation in SVL and body propor-
tions is given in Table 4.

Advertisement call: Only one advertisement call was available for our
analysis. The call consists of several short notes emitted in regular in-
tervals. The call begins with low energy notes, which increase in energy
over time, until reaching a peak almost at the end of the call. The last
note has notably less energy than the penultimate note (Fig. 6A). Call
duration 1.65 s, call rise time 96%, dominant frequency 1.90 kHz, 59
notes per call, note (repetition) rate 35.85 notes per second, and note
(repetition) rate acceleration −20%.

Comparison with other species: Finger I smaller than Finger II dis-
tinguishes I. hoehnei from members of the I. guentheri, I. parva, and I
verrucosa series and from I. manezinho (Finger I approximately the same
size as Finger II in these species; Garcia, 1996; Hedges et al., 2008).
Expanded tips of fingers II–IV and large truncated discs of fingers III and
IV distinguish I. hoehnei from members of the I. parva series, I. nana-
hallux (tips of fingers not expanded in these species; Hedges et al., 2008;
Brusquetti et al., 2013), and members of the I. verrucosa series (disks
small or moderately-sized in these species; Hedges et al., 2008; Canedo
et al., 2012). The large, conspicuous, glandular-appearing nuptial pad
differentiates I. hoehnei from I. manezinho, I. sambaqui, I. nanahallux,
and the members of the I. lactea (minute nuptial pad in I. randorum;
translucent in I. nigriventris and I. vizottoi; reduced to some white
granules in I. holti; absent in I. melanopygia and I. spanios; unknown in
other species; Heyer, 1985; Hedges et al., 2008; Targino and Carvalho-
e-Silva, 2008; Berneck et al., 2013) and I. verrucosa series (except for I.
surda; faint, translucent nuptial pad in I. karst; absent in other species;
Hedges et al., 2008; Canedo et al., 2010, 2012). The mask-like stripe
starting at the tip of the snout or the nostril, contouring the canthus
rostralis, passing through the eye, contouring the dorsal portion of the
tympanum, and finishing near arm insertion distinguishes I. hoehnei
from I. manezinho, I. sambaqui, and the members of the I. guentheri, I.

lactea, and I. verrucosa series (mask-like stripe usually absent in these
species; when present it does not pass through the eye). The smooth or
finely tuberculate dorsum distinguishes I. hoehnei from I. sambaqui
(rugose; Castanho and Haddad, 2000) and from the members of the I.
verrocusa series (tuberculate in these species; Hedges et al., 2008;
Canedo et al., 2010, 2012).

By its large size (SVL of males 30.6–34.8 mm, n= 3; female
42.7 mm, n= 1), large foot (foot length/SVL 0.67–0.70), and large
shank (tibia length/SVL 0.67–0.73), I. hoehnei differs from all other
species of the I. venancioi species series (combined SVL of males
15.7–30.3 mm, n=41; females 24.1–38.0mm, n= 5).

The mottled posterior surface of the thigh, forming small irregular
cream-colored spots in some specimens, of I. hoehnei distinguishes it
from I. venancioi (posterior surface of the thigh with cream-colored oval
spots surrounded by a dark-brown background or with dark-brown slim
bars on a clear background; cream-colored spots and background
yellow to orange in life), I. parnaso sp. nov. (posterior surface of the
thigh with cream-colored large irregular-shaped spots surrounded by a
mottled background), and I. colibri sp. nov. (posterior surface of the
thigh mottled, interleaved with cream-colored bars, forming a striped
pattern, or with large irregular-shaped cream-colored spots surrounded
by a mottled background). Having Finger I slightly smaller than the
Finger II, reaching approximately the base of Finger II, distinguishes I.
hoehnei from I. venancioi (Finger I much smaller than Finger II, not
reaching the base of Finger II) and by having the fourth toe disk small
(fourth toe disk width/third finger disk width=0.93–0.96) differ-
entiates I. hoehnei from I. parnaso sp. nov. (fourth toe disk width/third
finger disk width=1.00–1.09).

Ischnocnema hoehnei differs from I. parnaso sp. nov. and I. colibri sp.
nov. by the lower frequency of its advertisement call (1.90 kHz in I.
hoehnei; 2.34–2.84 kHz in the two new species), by the higher number
of notes per call (59 in I. hoehnei; 18–53 in the two new species), and by
the intermediate note (repetition) rate (35.85 notes per second in I.
hoehnei; 41.30–44.82 notes per second in I. colibri sp. nov. and
16.55–21.17 notes per second in I. parnaso sp. nov.).

Natural history notes: The natural history and habits of I. hoehnei are
poorly known. Specimens are usually found perched on ground bro-
meliads or other ground plants (Heyer et al., 1990; Malagoli, L. R.
personal communication). The species is commonly found in open areas
inside forests, such as clearings or stream margins (Lutz, 1958; Heyer
et al., 1990; Oliveira et al., 2008).

Geographic distribution: Ischnocnema hoehnei is currently known from
the highlands (above 800m of elevation) of Serra do Mar mountain
range in the state of São Paulo, Brazil, from the municipalities of Santo
André, Itanhaém, Salesópolis, Pilar do Sul, and São Miguel Arcanjo.

Remarks: Heyer et al. (1990) mentioned one male (SVL=22.0 mm)
and one female (SVL=29.4 mm) specimen from Boracéia, municipality
of Salesópolis. They stated that the male specimen lacked vocal slits and
nuptial pads. All male specimens that we analyzed had both these
characters, and our smallest specimen had an SVL of 30.6mm, much
larger than the male from Boracéia. The authors mentioned some di-
agnostic characters of I. hoehnei, like the mask-like stripe, the large foot,
and the large shank. We did not examine these specimens, but we be-
lieve that they are indeed I. hoehnei and that the male specimen lacked
vocal slits and nuptial pads because it was a subadult. Hedges et al.
(2008) also mentioned that I. hoehnei lacks nuptial pads, probably fol-
lowing Heyer et al. (1990).

As noted by Lutz (1958) in the original description, the large size
and the color pattern (including the mask-like stripe) of I. hoehnei is
superficially similar to that of Haddadus binotatus (Spix, 1824). How-
ever, the two species have notable differences. Haddadus binotatus has a
series of longitudinal glandular ridges in the dorsum, and Finger I is
much larger than Finger II (dorsum lacking glandular ridges and Finger
I slightly smaller than Finger II in I. hoehnei). Males of H. binotatus lack
nuptial pads on Finger I (nuptial pads present in males of I. hoehnei).
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3.4.2.3. Ischnocnema parnaso sp. nov. (Fig. 4C, 5D, 7D, and 11)
Holotype: CFBH 41812, adult male collected at Pedra do Sino, Serra

dos Órgãos National Park (PARNASO), municipality of Guapimirim,
state of Rio de Janeiro, Brazil (22°27′42″S, 43°01′50″W, 2180m of
elevation), by Drummond, L. O. and Nogueira-Costa, P. on 20
December 2015.

Paratypes: CFBH 41813, adult male, MNRJ 91759, adult female,
both collected with the holotype. MNRJ 91756–91758, adult males
collected at Pedra da Baleia, PARNASO, municipality of Guapimirim,
state of Rio de Janeiro, Brazil (22°27′40″S, 43°01′38″W, 2142m of
elevation), by Drummond, L. O. and Nogueira-Costa, P. on 21
December 2015.

Diagnosis: In the I. venancioi series by phylogenetic placement
(Fig. 1) and the following combination of characters: (1) Finger I
smaller than Finger II; (2) tips of fingers expanded, discs of fingers III
and IV large and truncated; (3) one large, conspicuous, glandular-ap-
pearing nuptial pad on Finger I; (4) black mask-like stripe starting at the
tip of the snout or the nostril, contouring the canthus rostralis, passing
through the eye, contouring the dorsal portion of the tympanum, and
finishing near arm insertion; (5) dorsum smooth. Ischnocnema parnaso
sp. nov. is distinguished from all other species of the I. venancioi series
by the following combination of characters: (1) medium-size (SVL of
males 27.1–30.3 mm, n= 5; female 38.0 mm, n= 1); (2) medium-size
foot (foot length/SVL 0.55–0.63); (3) small tibia (tibia length/
SVL=0.55–0.59); (4) posterior surface of the thigh with large

irregular-shaped cream-colored spots surrounded by a mottled back-
ground; (5) Finger I slightly smaller than Finger II (tip of Finger I
reaching the base of Finger II approximately); (6) fourth toe disk large
(fourth toe disk width/third finger disk width=1.00–1.09); (7) high
advertisement call frequency (2.34–2.67 kHz); (8) advertisement call
with low number of notes (18–29); (9) low note (repetition) rate
(16.55–21.17 notes per second).

Description of holotype: Medium-size (SVL= 29.1mm). Head longer
than wide; head length 39% of the SVL, head width 35% of the SVL;
snout sub-elliptical in dorsal view, acuminate in lateral view; nostril
rounded, oriented laterally, located near the tip of snout; canthus ros-
tralis slightly distinct, straight; loreal region slightly concave; postrictal
tubercles absent; eye protuberant, oriented laterally; eye diameter 31%
of head length; palpebral tubercles absent; tympanum distinct,
rounded; tympanic membrane undifferentiated; annulus present, visible
externally; tympanum diameter 43% of eye diameter; supratympanic
fold absent; vocal slits present; vocal sac slightly distinct, one visible
fold parallel to left side of the jaw; tongue large, elliptical, without
posterior notch; choanae rounded; dentigerous processes of the vomer
located posteromedially to choanae, triangle-shaped, medially sepa-
rated by a gap approximately the same size as one dentigerous process;
vomerine teeth present.

Forelimb slender; palmar tubercle barely distinct, heart-shaped, its
diameter approximately equal to that of the thenar tubercle; thenar
tubercle barely distinct, elliptical; single glandular-appearing nuptial

Fig. 11. Clockwise, from the upper left corner: dorsal and lateral views of the head and ventral views of the left hand and left foot of the lectotype of Ischnocnema
parnaso sp. nov., CFBH 40812. Scale bar= 5mm.
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pad, extending dorsally from the distal to the proximal portion of me-
tacarpus on Finger I, the same color as the surrounding skin; palm
smooth; supernumerary tubercles absent; single subarticular tubercles
prominent, rounded, large; fingers slender, without fringes; tip of
Finger I not expanded; tip of Finger II slightly expanded; tips of fingers
III and IV fairly expanded, truncated, with a V-shaped median slit in
dorsal view; Finger I slightly smaller than Finger II, its length reaching
the base of Finger II disk; finger lengths I < II < IV < III.

Hindlimb slender; shank longer than thigh; tibia length 58% of SVL;
thigh length 55% of SVL; calcar tubercle absent; tarsal folds absent; foot
medium-size; foot length 60% of SVL; inner metatarsal tubercle ellip-
tical, twice as big as outer metatarsal tubercle; outer metatarsal tu-
bercle rounded; sole of foot smooth; supernumerary tubercles absent;
single subarticular tubercles present, large, prominent, rounded; toes
long, slender, without fringes; tip of Toe I slightly expanded; tips of toes
II–V fairly expanded, truncated, with a V-shaped median slit in dorsal
view; toe lengths I < II < V < III < IV.

Dorsal skin smooth; vertebral line absent; venter smooth; discoidal
and thoracic folds absent.

Coloration of holotype: Background cream-colored; dorsum with
several sparse dark-brown dots; loreal region with dark-brown mask-
like stripe from the tip of the snout to near the arm insertion; dark-
brown dots forming a blotch on the dorsal part of the head, between the
eyes; forelimb cream-colored, with several dark-brown dots larger than
those of the dorsum over the dorsal surfaces of the arm, forearm, and
hand; ventral surfaces of the arm, forearm, and hand with more sparse
dark-brown dots; hindlimb cream-colored, with several dark-brown
dots larger than those of the dorsum and smaller than those of the
forelimb over dorsal and ventral surfaces of the thigh, tibia, and dorsal
surface of the foot; dark-brown dots less sparse on the sole of the foot;
posterior surface of the thigh with cream-colored irregular spots sur-
rounded by dark-brown mottled background; venter cream-colored
with a few dark-brown dots on the chest; gular region cream-colored;
jaw bordered by concentrated small dark-brown dots forming a thin
line.

Measurements of holotype (in millimeters): SVL 29.1, head length
11.3, head width 10.2, eye diameter 3.5, tympanum diameter 1.5, eye-
nostril distance 2.5, internarial distance 2.8, eye-to-eye distance 5.0,
forearm length 5.5, hand length 8.6, third finger disk length 1.4, thigh
length 15.9, tibia length 17.0, tarsal length 8.0, foot length 17.6, and
fourth toe disk length 1.5.

Variation: Tongue is rounded, elongated, or triangular, and choanae
is elliptical in some specimens. Postrictal tubercle is present in female
specimen. Thoracic fold is present in some specimens. Sometimes the
nuptial pad is difficult to see because it is exactly the same color as the
surrounding skin. Female specimen (SVL 38.0 mm, n= 1) is much
larger than male specimens (SVL 27.1–30.3mm, n= 5). Variation in
SVL and body proportions is given in Table 4.

Etymology: The name “PARNASO” is the abbreviation for Parque
Nacional da Serra dos Órgãos (Serra dos Órgãos National Park), type
locality of the species. The park was created on November 30, 1939,
and it is the third oldest park in Brazil, housing astonishing biodi-
versity. It is also the type locality of several anurans and one of the most
important Atlantic Forest conservation units in Brazil. The name is used
here as a noun in apposition.

Advertisement call: The advertisement call (19 calls of five males;
Table 6; Fig. 6B) is emitted sporadically and is composed of 18–29 notes
(X =25.00 ± 3.04) emitted at regular intervals. The call begins with
low-energy notes, which increase in energy over time, until reaching a
peak almost at the end of the call. The last note usually has notably less
energy than the penultimate note. The call rise time is 42–92%
(X =66.06 ± 15.34) and the dominant frequency 2.34–2.67 kHz
(X =2.46 ± 0.09). The advertisement call lasts 1.00 to 1.50 s
(X =1.25 ± 0.12), and the note (repetition) rate is 16.55–21.17 notes
per second (X =19.58 ± 1.32). The note rate decelerates at the end of
the call, with a note-rate acceleration of −36 to −11%
(X =−22.98 ± 5.99).

Comparison with other species: Finger I smaller than Finger II dis-
tinguishes I. parnaso sp. nov. from members of the I. guentheri, I. parva,
and I verrucosa series and from I. manezinho (Finger I approximately the
same size as Finger II in these species; Garcia, 1996; Hedges et al.,
2008). Expanded tips of fingers II–IV and large truncated discs of fin-
gers III and IV distinguish I. parnaso sp. nov. from members of the I.
parva series, I. nanahallux (tips of fingers not expanded in these species;
Hedges et al., 2008; Brusquetti et al., 2013), and members of the I.
verrucosa series (disks small or moderately-sized in these species;
Hedges et al., 2008; Canedo et al., 2012). The large, conspicuous,
glandular-appearing nuptial pad differentiates I. parnaso sp. nov. from I.
manezinho, I. sambaqui, I. nanahallux, and the members of the I. lactea
(minute nuptial pad in I. randorum; translucent in I. nigriventris and I.
vizottoi; reduced to some white granules in I. holti; absent in I. mela-
nopygia and I. spanios; unknown in other species; Heyer, 1985; Hedges
et al., 2008; Targino and Carvalho-e-Silva, 2008; Berneck et al., 2013)
and I. verrucosa series (except for I. surda; faint, translucent nuptial pad
in I. karst; absent in other species; Hedges et al., 2008; Canedo et al.,
2010, 2012). The mask-like stripe starting at the tip of the snout or the
nostril, contouring the canthus rostralis, passing through the eye, con-
touring the dorsal portion of the tympanum and reaching near arm
insertion distinguishes I. parnaso sp. nov. from I. manezinho, I. sambaqui,
and the members of the I. guentheri, I. lactea, and I. verrucosa series
(mask-like stripe usually absent in these species; when present it does
not pass through the eye). The smooth or finely tuberculate dorsum
distinguishes I. parnaso sp. nov. from I. sambaqui (rugose; Castanho and
Haddad, 2000) and from the members of the I. verrocusa series (tu-
berculate in these species; Hedges et al., 2008; Canedo et al., 2010,
2012).

Table 6
Acoustic parameters of the advertisement call of five recorded males of Ischnocnema parnaso sp. nov. Data are given as range (mean ± standard deviation) where
appropriate.

Call recording LOD 001 LOD 002 LOD 003 LOD 004 LOD 005

Number of analyzed calls 2 6 3 5 3
Call duration (s) 1.00–1.05 1.14–1.27

(1.20 ± 0.05)
1.17–1.25
(1.22 ± 0.05)

1.25–1.38
(1.33 ± 0.05)

1.25–1.50
(1.40 ± 0.13)

Call rise time (%) 42–62 44–79
(64 ± 15)

51–92
(75 ± 22)

57–85
(72 ± 10)

51–83
(62 ± 18)

Dominant frequency (kHz) 2.39 2.39–2.53
(2.48 ± 0.04)

2.44–2.67
(2.58 ± 0.09)

2.39–2.58
(2.45 ± 0.08)

2.34–2.44
(2.38 ± 0.05)

Notes per call 18.00 24.00–25.00
(24.33 ± 0.52)

23.00–25.00
(24.33 ± 1.15)

26.00–29.00
(28.00 ± 1.22)

26.00–27.00
(26.67 ± 0.58)

Note rate (notes/s) 16.55–17.58 19.06–20.43
(19.79 ± 0.53)

19.40–19.84
(19.60 ± 0.22)

20.59–20.88
(20.75 ± 0.14)

17.58–21.17
(18.89 ± 1.98)

Note repetition rate acceleration (%) −26 to −20 −24 to −15
(-20 ± 4)

−18 to −11
(−16 ± 4)

−36 to −23
(−27 ± 5)

−33 to −24
(−28 ± 4)
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Ischnocnema parnaso sp. nov. differs from all other species of the I.
venancioi series by its large fourth toe disk (fourth toe disk width/third
finger disk width=1.00–1.09 in the new species; 0.53–0.96 in other
species). Also, I. parnaso sp. nov. (SVL of males 27.1–30.3 mm, n=5;
female 38.0 mm) is smaller than I. hoehnei (SVL of males 30.6–34.8mm,
n=3; female 42.7 mm, n= 1) and larger than I. venancioi (SVL of
males 15.7–22.3 mm, n=31; female 24.1 mm, n=1) and I. colibri sp.
nov. (SVL of males 22.9–25.2 mm, n=5; SVL of females
31.1–34.6 mm, n=3); and has a smaller foot (foot length/SVL
0.55–0.63) than I. hoehnei (foot length/SVL 0.67–0.70) and a larger foot
than I. venancioi (foot length/SVL 0.40–0.54).

The posterior surface of the thigh with cream-colored large irre-
gular-shaped spots surrounded by a mottled background distinguishes I.
parnaso sp. nov. from I. hoehnei (posterior surface of the thigh mottled,
forming small irregular cream-colored spots in some specimens) and I.
venancioi (posterior surface of the thigh with cream-colored oval spots
surrounded by a dark-brown background or with dark-brown slim bars
on a clear background; spots and background yellow to orange in life).
The small tibia (tibia length/SVL 0.55–0.59) differentiates I. parnaso sp.
nov. from I. hoehnei (tibia length/SVL 0.67–0.73), and having Finger I
slightly smaller than Finger II (Finger I tip reaching the base of the disk
of the Finger II) differentiates the new species from I. venancioi (Finger I
much smaller than Finger II; its size half to two thirds the size of Finger
II).

Ischnocnema parnaso sp. nov. differs from I. hoehnei and I. colibri sp.
nov. by the lower note (repetition) rate (16.55–21.17 notes per second

in the new species; 35.78–44.82 notes per second in other species) and
the lower number of notes per call (18–29 in the new species; 40–59 in
other species). Additionally, the higher frequency of advertisement call
(2.34–2.67 kHz) distinguishes I. parnaso sp. nov. from I. hoehnei
(1.90 kHz).

Natural history notes: This species was found exclusively associated
with high-elevation grasslands (Campos de Altitude), an open phyto-
physiognomy found on the granitic soils of the higher elevations of
mountainous regions of Atlantic Forest. At the time of collection, we
observed a high abundance of individuals calling at the type locality
and its immediate surroundings. The species was active at dusk and
night, and males were observed calling perched on low vegetation,
mainly grasses (e.g. Cortaderia modesta). The female was observed on
rocky soil.

Geographic distribution: The species is currently known only from the
surroundings of Pedra do Sino (type locality) and Pedra da Baleia, in
grasslands located above 2000m of elevation at the PARNASO, in the
municipality of Guapimirim, state of Rio de Janeiro, Brazil.

Remarks: The phylogenetic placement of I. parnaso sp. nov. within
the I. venancioi series is uncertain. It is the sister group of all other
members of the I. venancioi series in the Bayesian inference analysis
(posterior probability of the whole clade 1.0 and of the immediately
less inclusive clade 0.71) and the sister species of I. hoehnei in the
maximum likelihood and the maximum parsimony analyses (40 and
58% bootstrap and jackknife, respectively). Future studies with more
data are paramount for understanding the phylogenetic placement of I.

Fig. 12. Clockwise, from the upper left corner: dorsal and lateral views of the head and ventral views of the left hand and left foot of the lectotype of Ischnocnema
colibri sp. nov., CFBH 40810. Scale bar= 5mm.
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parnaso sp. nov.

3.4.2.4. Ischnocnema colibri sp. nov. (Fig. 4B, 5E, 7E, and 12)
Holotype: CFBH 41810, adult male collected at Augusto Ruschi

Biological Reserve, municipality of Santa Teresa, state of Espírito Santo,
Brazil (19°54′25″S, 40°33′09″W, 803m), by Taucce, P. P. G. and
Parreiras, J. S. on 21 January 2017.

Paratypes: CFBH 41809, adult male collected at Augusto Ruschi
Biological Reserve, municipality of Santa Teresa, state of Espírito Santo,
Brazil (19°54′25″S, 40°33′09″W, 803m), by Taucce, P. P. G. and
Parreiras, J. S. on 20 January 2017. CFBH 41811, adult male, collected
with holotype. MBML 10568–10569, adult males collected in the mu-
nicipality of Santa Teresa, state of Espírito Santo, Brazil, by Ferreira, R.
B., Ferreira, F. C. L. and Zandomenico, C. Z. on 12 December 2012.
MBML 10570–10571, adult females collected in the municipality of
Santa Teresa, state of Espírito Santo, Brazil, by Ferreira, R. B., Ferreira,
F. C. L. and Zandomenico, C. Z. on 1 July 2013. MBML 10572, adult
female collected near Augusto Ruschi Biological Reserve, municipality
of Santa Teresa, state of Espírito Santo, Brazil, by Ferreira, R. B.,
Ferreira, F. C. L. and Zandomenico, C. Z. on 30 October 2015.

Diagnosis: In the I. venancioi series by phylogenetic placement
(Fig. 1) and the following combination of characters: (1) Finger I
smaller than Finger II; (2) tips of fingers expanded, discs of fingers III
and IV large and truncated; (3) one large, conspicuous, glandular-ap-
pearing nuptial pad on Finger I; (4) dark-brown mask-like stripe
starting at the tip of the snout or the nostril, contouring the canthus
rostralis, passing through the eye, contouring the dorsal portion of the
tympanum, and finishing near arm insertion; (5) dorsum smooth or
finely tuberculate. Ischnocnema colibri sp. nov. is distinguished from all
other species of the I. venancioi series by the following combination of
characters: (1) medium-size (SVL of males 22.9–25.2 mm, n=5; fe-
males 31.1–34.6mm, n=3); (2) foot medium-size (foot length/SVL
0.52–0.60); (3) tibia medium-size (tibia length/SVL=0.56–0.62); (4)
posterior surface of the thigh mottled, interleaved with cream-colored
bars, forming a striped pattern, or with cream-colored large irregular-
shaped spots surrounded by a mottled background; (5) Finger I slightly
smaller than Finger II (tip of Finger I reaching the base of Finger II
approximately); (6) small fourth toe disk (fourth toe disk width/third
finger disk width=0.73–0.96); (7) high advertisement call frequency
(2.67–2.84 kHz); (8) advertisement call with medium number of notes
(40–53); (9) high note (repetition) rate (41.30–44.82 notes per second).

Description of holotype: Medium-size (23.3 mm). Head longer than
wide; head length 39% of SVL; head width 32% of SVL; snout sub-
elliptical in dorsal view, acuminate in lateral view; nostril ovoid, or-
iented laterally, located near the tip of the snout; canthus rostralis
slightly distinct, straight; loreal region slightly concave; eye protu-
berant, oriented laterally; eye diameter 32% of the head length; upper

eyelid with a few diminutive tubercles; tympanum distinct, rounded;
tympanic membrane undifferentiated; annulus present, visible ex-
ternally; tympanum diameter 38% of eye diameter; supratympanic fold
absent; vocal slits present; vocal sac slightly distinct, one visible fold
parallel to each side of the jaw; tongue large, elliptical, without pos-
terior notch; choanae elliptical; dentigerous processes of the vomer
located posteromedially to choanae, triangle-shaped, medially sepa-
rated by a gap approximately the width of one dentigerous process;
vomerine teeth present, five on the right side and five on the left side.

Forelimb slender; palmar tubercle barely distinct, heart-shaped, its
diameter approximately equal to that of thenar tubercle; thenar tu-
bercle elliptical, distinct; glandular-appearing nuptial pad, extending
dorsally from the distal to the proximal portion of metacarpus on Finger
I, distinct; palm smooth; five supernumerary tubercles present; single
subarticular tubercles prominent, rounded, large; fingers slender,
without fringes; tip of Finger I not expanded; tip of Finger II slightly
expanded; tips of fingers III and IV fairly expanded, truncated, with a V-
shaped median slit in dorsal view; Finger I slightly smaller than Finger
II, its length reaching the base of Finger II disk; finger lengths
I < II < IV < III.

Hindlimb slender; shank longer than thigh; tibia length 56% of SVL;
thigh length 52% of SVL; calcar tubercle absent; tarsal folds absent; foot
medium-size; foot length 53% of SVL; inner metatarsal tubercle ellip-
tical, twice as large as outer metatarsal tubercle, rounded; sole of foot
smooth; four supernumerary tubercles present; single subarticular tu-
bercles present, large, prominent, rounded; toes long, slender, without
fringes; tip of Toe I slightly expanded; tips of toes II–V fairly expanded,
truncated, with a V-shaped median slit in dorsal view; toe lengths
I < II < VI < III < IV.

Dorsal skin finely tuberculate; vertebral line absent; venter smooth;
discoidal and thoracic folds present.

Coloration of holotype: Background cream-colored; dorsum with
several dark-brown dots, some of them forming blotches with no de-
fined pattern, with an x-like mark starting near the pectoral girdle and
ending on the sacral vertebrae; loreal region with dark-brown mask-like
stripe from the tip of the snout to near the arm insertion; dark-brown
dots forming a blotch on the dorsal part of the head between the eyes;
forelimb cream-colored; several dark-brown dots forming irregular
blotches on the dorsal surfaces of the arm, forearm, dorsal, and ventral
surfaces of the hand; hindlimb cream-colored, with several dark-brown
dots forming a striped pattern on its dorsal surface and on the posterior
surface of the thigh; ventral surface of the thigh and shank with small
sparse dark-brown dots; ventral surface of the tarsus and sole of the foot
with plenty of small dark-brown dots; venter cream-colored, with very
sparse small dark-brown dots; gular region cream-colored, with sparse
dark-brown dots; jaw bordered by concentrated small dark-brown dots.

Measurements of holotype (in millimeters): SVL 23.3, head length 9.5,

Table 7
Acoustic parameters of five recorded males of Ischnocnema colibri sp. nov. Data are given as range (mean ± standard deviation) where appropriate. AC and TC are
advertisement and territorial calls, respectively.

Call recording PPGT 009 PPGT 010 PPGT 011 PPGT 012 PPGT 013 PPGT 014
Type of call AC AC AC AC AC TC AC TC

Number of analyzed calls 1 2 1 4 1 13 1 6
Call duration (s) 1.09 1.03–1.15 1.19 1.14–1.20

(1.18 ± 0.03)
1.04 0.18–0.51

(0.28 ± 0.12)
0.90 0.17–0.20

(0.17 ± 0.01)
Call rise time (%) 89 74–84 56 53–60

(57 ± 3)
59 5–92

(54 ± 26)
65 67–91

(81 ± 9)
Dominant frequency (kHz) 2.67 2.76 2.80 2.76 2.84 2.71–2.93

(2.83 ± 0.07)
2.71 2.63–2.71

(2.68 ± 0.04)
Notes per call 49.00 46.00–52.00 53.00 47.00–52.00

(49.50 ± 2.08)
46.00 9.00–23.00

(13.31 ± 5.20)
40.00 8.00–10.00

(8.33 ± 0.82)
Note rate (notes/s) 44.87 44.75–45.22 44.61 41.30–44.60

(42.25 ± 1.58)
44.06 45–50

(47± 2)
44.35 47.06–50.25

(48.11 ± 1.19)
Note (repetition) rate acceleration (%) −1 −13 to −1 11 −15 to 33

(8 ± 20)
5 −19 to −5

(−13 ± 5)
7 −8 to 2

(−1 ± 4)
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head width 7.7, eye diameter 2.9, tympanum diameter 1.1, eye-nostril
distance 2.5, internarial distance 2.2, eye-to-eye distance 4.5, forearm
length 4.9, hand length 7.4, third finger disk length 1.2, thigh length
12.1, tibia length 13.5, tarsal length 6.6, foot length 12.3, and fourth
toe disk length 1.1.

Variation: Tongue may also be rounded or lanceolate. Tip of Finger I
can be slightly expanded. A thick vertebral line is present in one of the
female specimens. Dorsal skin can also be smooth. There are two kinds
of dorsal patterns: one with an x-like mark on the back (like the holo-
type, Fig. 4B) and one with several small dark-brown dots, often
forming rounded blotches, on a cream-colored background. The pos-
terior surface of the thigh is mottled interleaved with cream-colored
bars, forming a striped pattern (like the holotype) or with cream-co-
lored large irregular-shaped spots surrounded by a mottled background.
Female specimens are much larger than male specimens (SVL
31.1–34.6 mm, n= 3; 22.9–25.2 mm, n=5, respectively). Variation in
SVL and body proportions is given in Table 4.

Etymology: “Colibri” means hummingbird and is originally an
Arawak (native people who lived on Haiti and other Caribbean islands)
word. The word was adopted by many other languages, including
Portuguese. The name is an allusion to the type locality of the new
species, the municipality of Santa Teresa, which is known as “doce terra
dos colibris” (sweet land of the hummingbirds). Santa Teresa is known
as sweet land of the hummingbirds not only because of their abundance
in the city, but also because of the Brazilian ornithologist Augusto
Ruschi, who lived in Santa Teresa and dedicated his scientific life to the
study of these little Neotropical birds. The name is used here as a noun
in apposition.

Advertisement call: The advertisement call (ten calls of six males;
Table 7; Fig. 6C) is emitted sporadically and is composed of 40–53 notes
(X =48.40 ± 3.86) emitted at regular intervals. The call begins with
low energy notes, which increase in energy over time, until reaching a
peak almost at the end of the call. Usually, the last two to five notes
have notably less energy than the one before, and a decrease of energy
is notable at the end of the call. The call rise time is 53–89%
(X =65.52 ± 12.34), and the dominant frequency is 2.67–2.84 kHz
(X =2.76 ± 0.05). Call duration is 0.90 to 1.20 s (X =1.11 ± 0.09),
and the note (repetition) rate is 41.30–44.82 notes per second
(X =43.54 ± 1.48). The note rate either accelerates or decelerates at
the end of the call, and the note rate acceleration is −15 to 33%
(X =4.19 ± 13.70).

Territorial call: The territorial call (19 calls of two males; Table 7;
Fig. 6D) has a similar structure to the advertisement call, but only the
last note has notably less energy than the note before. In some calls the
energy difference between the last and the penultimate note was not
striking. The call rise time is 5–92% (X =66.21 ± 28.35) and the
dominant frequency is 2.63–2.89 kHz (X =2.75 ± 0.09). Call dura-
tion is 0.17–0.51 s (X =0.23 ± 0.11) and the note (repetition) rate is
44.44–48.78 notes per second (X =46.35 ± 1.24). The note rate ei-
ther accelerates or decelerates at the end of the call, and the note rate
acceleration is −19 to 2% (X =−6.92 ± 7.46).

Comparison with other species: Finger I smaller than Finger II dis-
tinguishes I. colibri sp. nov. from members of the I. guentheri, I. parva,
and I verrucosa series and from I. manezinho (Finger I approximately the
same size as Finger II in these species; Garcia, 1996; Hedges et al.,
2008). Expanded tips of fingers II–IV and large truncated discs of fin-
gers III and IV distinguish I. colibri sp. nov. from members of the I. parva
series, I. nanahallux (tips of fingers not expanded in these species;
Hedges et al., 2008; Brusquetti et al., 2013), and members of the I.
verrucosa series (disks small or moderate sized in these species; Hedges
et al., 2008; Canedo et al., 2012). The large, conspicuous, glandular-
appearing nuptial pad differentiates I. colibri sp. nov. from I. manezinho,
I. sambaqui, I. nanahallux, and the members of the I. lactea (minute
nuptial pad in I. randorum; translucent in I. nigriventris and I. vizottoi;
reduced to some white granules in I. holti absent in I. melanopygia and I.
spanios; unknown in other species; Heyer, 1985; Hedges et al., 2008;

Targino and Carvalho-e-Silva, 2008; Berneck et al., 2013) and I. ver-
rucosa series (except for I. surda; faint, translucent nuptial pad in I.
karst; absent in other species; Hedges et al., 2008; Canedo et al., 2010,
2012). The mask-like stripe starting at the tip of the snout or the nostril,
contouring the canthus rostralis, passing through the eye, contouring the
dorsal portion of the tympanum and reaching the arm insertion dis-
tinguishes I. colibri sp. nov. from I. manezinho, I. sambaqui, and the
members of the I. guentheri, I. lactea, and I. verrucosa series (mask-like
stripe usually absent in these species; when present it does not pass
through the eye). The smooth or finely tuberculate dorsum distin-
guishes I. colibri sp. nov. from I. sambaqui (rugose; Castanho and
Haddad, 2000) and from the members of the I. verrocusa series (tu-
berculate in these species; Hedges et al., 2008; Canedo et al., 2010,
2012).

Its larger size distinguishes I. colibri sp. nov. (SVL of males
22.9–25.2 mm, n=5; females 31.1–34.6 mm) from I. venancioi (SVL of
males 15.7–22.3 mm, n= 31; female 24.1 mm, n= 1) and its smaller
size distinguishes it from I. hoehnei (SVL of males 30.6–34.8 mm, n=3;
female 42.7mm, n=1) and I. parnaso sp. nov. (SVL of males
27.1–30.3 mm, n= 5; female 38.0 mm, n= 1). The medium-size foot
and the small tibia (foot length/SVL= 0.52–0.60; tibia length/
SVL= 0.56–0.62) differentiate I. colibri sp. nov. from I. hoehnei (foot
length/SVL=0.67–0.70; tibia length/SVL= 0.67–0.73). The mottled
posterior surface of the thigh interleaved with cream-colored bars
forming a striped pattern, or with cream-colored large irregular-shaped
spots surrounded by a mottled background, differentiate I. colibri sp.
nov. from I. hoehnei (posterior surface of the thigh mottled, forming
small irregular spots in some specimens, spots cream-colored in life)
and I. venancioi (posterior surface of thigh with cream-colored oval
spots surrounded by a dark-brown background or with dark-brown slim
bars on a cream-colored background; spots and background yellow to
orange in life). The small fourth toe disk (fourth toe disk width/third
finger disk width= 0.73–0.96) differentiates I. colibri sp. nov. from I.
parnaso sp. nov. (fourth toe disk large; fourth toe disk width/third
finger disk width=1.00–1.09) and Finger I slightly smaller than Finger
II (Finger I tip reaching the base of the disk of the Finger II) distin-
guishes I. colibri sp. nov. from I. venancioi (Finger I much smaller than
Finger II; its size half to two thirds the size of Finger II).

The lower number of notes and higher dominant frequency of its
advertisement call (40–53 notes per call; 2.67–2.84 kHz) differentiate I.
colibri sp. nov. from I. hoehnei (59 notes per call; 1.90 kHz), and its
higher number of notes in the advertisement call (40–53 notes per call)
differentiates it from I. parnaso sp. nov. (18–29 notes per call). The
higher note (repetition) rate differentiates I. colibri sp. nov.
(41.30–44.82 notes per second) from I. parnaso sp. nov (16.55–21.17
notes per second) and I. hoehnei (35.85 notes per second).

Natural history notes: We found the species calling perched on leaves
of ferns about 1.5–2.0m in height. One male starts calling, followed by
the other males. The following males start calling just before the pre-
vious male finishes his call, making a small overlap between the be-
ginning and the end of the two calls. Some males also called alone, but
we commonly heard two and three males calling together. The terri-
torial call was not overlaid.

Geographic distribution: The species is currently known only from the
municipality of Santa Teresa, state of Espírito Santo, Brazil.

Remarks: Ischnocnema colibri sp. nov. is the sister species of
Ischnocnema aff. venancioi from the municipality of Cachoeiras de
Macacu, state of Rio de Janeiro. We have only one specimen from
Cachoeiras de Macacu, and despite its overall morphological resem-
blance to I. colibri sp. nov., we do not consider them conspecifics be-
cause it has a rounded snout in profile in dorsal view (acuminate in I.
colibri sp. nov.) and the two species are genetically very distant (pair-
wise distance= 7.3% in partial 16S; Table 3). More specimens in-
cluding molecular and acoustic data are paramount for the under-
standing of the taxonomic status of the population from Cachoeiras de
Macacu.
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4. Discussion

4.1. Phylogenetic relationships

Like other phylogenetic hypotheses, we recovered
Brachycephalidae, Brachycephalus, and Ischnocnema as monophyletic
(Hedges et al., 2008; Pyron and Wiens, 2011; Canedo and Haddad,
2012; Padial et al., 2014; Heinicke et al., 2017; Taucce et al., 2018).
Despite using less species than other studies (six versus 14; Clemente-
Carvalho et al., 2011; Padial et al., 2014), we also recovered the former
Psyllopryne didactyla Izecksohn, 1971, nested among other species of
Brachycephalus. These phylogenetic hypotheses show similar relation-
ships, indicating that they are consistent and that probably they will not
change over time.

Within the genus Ischnocnema, we recovered the former I. guentheri
series (now I. venancioi plus I. guentheri series), the I. lactea, and I.
verrucosa series as monophyletic, in accordance with previous studies
(Canedo and Haddad, 2012; Taucce et al., 2018). The clade formed by I.
cf. manezinho and I. sambaqui, currently unassigned to any species
series, was also recovered by us and by previous phylogenetic hy-
potheses, confirming a strong relationship between these two species.
However, the relationships between the two species and other species
of Ischnocnema are uncertain. Canedo and Haddad (2012) and Taucce
et al. (2018) recovered them as the sister group of the clade composed
of I. nanahallux and the I. verrucosa, I. parva, I. venancioi, and I. guentheri
series in their Bayesian inference and maximum likelihood analyses, the
same relationship we found herein. Canedo and Haddad (2012) also
presented a parsimony tree, in which they recover the I. manezinho
clade as the sister group of the I. lactea series. Our parsimony tree shows
a third phylogenetic position for the clade, but it is unsolved since it is
poorly supported (Fig. S1).

The phylogenetic position of I. nanahallux, outside the I. parva
series, is unprecedented. Taucce et al. (2018) were the first to test the
phylogenetic position of I. nanahallux with a more comprehensive
matrix, including more than one species of all Ischnocnema species
series. They could not resolve its position, recovering it in a poorly
supported I. parva series. The only genetic information available for I.
nanahallux at the time was partial 16S tRNA on GenBank. Now we have
more genetic information for the species (partial 12S, more parts of
16S, RAG1, and Tyr), and its position as the sister group of the I. parva,
I. venancioi, and I. guentheri series was well-supported in all phyloge-
netic analyses that we performed (see results; Figs. 1 and S1).

4.2. Species-tree and time divergence

Our species-tree analysis yielded an overall similar tree to that of
the other phylogenetic analyses, but with lack of resolution in the
deepest relationships. The low resolution may be due to the lack of
outgroups, but the species-tree topology, although without resolution in
the deepest phylogenetic relationships, still corroborates the taxonomy
of Ischnocnema proposed herein.

The time to the most recent common ancestor found for the genus
Ischnocnema (48Mya) was similar to the ones recovered in other studies
(47Mya, Heinicke et al., 2009), and it is similar to other Brachyce-
phaloidea genera (e.g. Haddadus, Craugastor, and Pristimantis; Heinicke
et al., 2009). However, it is older than other Neotropical frog genera,
like Thoropa (27Mya; Sabbag et al., 2018), Leptodactylus (35Mya;
Fouquet et al., 2013a), and Adenomera (21–25Mya; Fouquet et al.,
2013a, 2013b). The times to the most recent common ancestor within
each of these Neotropical genera are more similar to the ones recovered
herein for the Ischnocnema species series (38Mya for the I. verrucosa
series to 21Mya for the I. venancioi series). The diversification times
found within the Ischnocnema series date mostly to the Miocene, in
accordance with those found for other South America amphibians (Rull,
2008). The clade encompassing all the I. aff. parva except for the one
from Camacan, BA dates to 21.5 Mya, which is much older than the

same clade in an other study (4Mya; Gehara et al., 2017). Although we
took the same clock rate for the mitochondrial partition (0.006 sub-
stitutions per site/Mya), this difference is probably due to differences in
the matrix, since we have a species tree with more species (40 versus 7),
and their study have more terminals for the I. parva series gene trees (65
versus 11). Another possible explanation for the time differences is that
we used StarBEAST2 in our analysis, which implements a new species
tree relaxed clock model (Ogilvie et al., 2017) compared to the previous
version used by Gehara et al. (2017).The species described herein
showed deep diversification times, the most recent for the split between
I. colibri and I. aff. venancioi, 12Mya. These splits are older than several
other well stabilished species pairs (e.g. I. abdita and I. bolbodactyla)
within Ischnocnema, showing that they are separately evolving meta-
population lineages and deserve to be described as new species.

4.3. Systematics within Ischnocnema

We increased the number of species of Ischnocnema to 37, with the
description of two new species, and also raised the number of species
series to five, with the description of the I. venancioi series. We created a
new species series because the previous diagnostic morphological
characters proposed for the I. guentheri series, including the I. venancioi
series (see Hedges et al., 2008; Taucce et al., 2018), no longer apply. It
is also a monophyletic and fully supported grouping in our three phy-
logenetic analyses, and bears unique morphological diagnostic features.

Three species are currently unassigned to any species series: I.
manezinho, I. nanahallux, and I. sambaqui. Ischnocnema manezinho and I.
sambaqui were previously assigned to the I. lactea series (Hedges et al.,
2008) by morphological characters. Subsequently, Canedo and Haddad
(2012) left these species unassigned to any species series due to mole-
cular evidence; although they formed a fully supported clade, their
position within Ishnocnema was uncertain. Padial et al. (2014) did not
test the phylogenetic position of these species, but agreed with Canedo
and Haddad (2012). Our results also recover the two species as sister
taxa with strong support, and their phylogenetic position is similar in
the Bayesian inference and in the maximum likelihood analyses but it is
not supported in the maximum parsimony analysis. Ischnocnema man-
ezinho was described from Florianópolis Island, Southern Brazil, but the
sequence available for the species is from the municipality of São Bento
do Sul, on the continent more than 150 km from the type locality.
Despite strong evidence that I. manezinho and I. sambaqui form a clade
and that they are not nested within any other species series, we find it
more prudent to keep these species unassigned to species series until
the phylogenetic position of I. manezinho from the type locality (Cór-
rego Grande region, municipality of Florianópolis; Garcia, 1996) is
tested.

Ischnocnema nanahallux was assigned to the I. parva species series at
the time of its description based mainly on its morphological simila-
rities, but also by molecular phylogenetic placement (Brusquetti et al.,
2013). The authors’ matrix included only five more Ischnocnema species
(one species for each series except for the I. guentheri series, for which
two were included) and Brachycephalus didactylus, but several I. parva
specimens. Our results show a surprising phylogenetic position for I.
nanahallux, as the sister group of the clade composed of the I. parva, I.
guentheri, and I. venancioi series with strong support (Figs. 1 and S1).
Because of the similar morphology between the members of the I. parva
series and I. nanahallux, and because there are still several specimens
with similar morphology in museum collections from places with DNA
data not yet available, such as the states of Espírito Santo and Minas
Gerais, Southeast Brazil (Taucce, P. P. G., unpublished data), we have
chosen to take I. nanahallux out of the I. parva series and not to create a
species series for it pending more genetic data available.

4.4. The nuptial pad

Most anurans have sexually dimorphic structures, such as vocal
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sacs, vocal slits, and nuptial pads. These pads, present in male speci-
mens, are glandular, keratinized, sometimes spiny structures typically
on the first finger (Thomas et al., 1993; Luna et al., 2012). In the genus
Ischnocnema, this character is an apparently glandular structure present
on Finger I. Some species lack the pad, yet for others its presence is
unknown. It can be large and conspicuous, as in the members of the I.
parva, I. guentheri, and I. venancioi series, and also I. surda (member of
the I. verrucosa series; Canedo et al., 2010; Brusquetti et al., 2013;
Taucce et al., 2018; this study); minute, as in I. randorum (Heyer, 1985);
faint and translucent, as in I. karst, I. nigriventris, and I. vizottoi (Martins
and Haddad, 2010; Canedo et al., 2012; Berneck et al., 2013); and even
reduced to some white granules as in I. holti (Targino and Carvalho-e-
Silva, 2008). The nuptial pad is absent from the remaining species of
the I. verrucosa series (Hedges et al., 2008), from I. melanopygia and I.
spanios, of the I. lactea series (Heyer, 1985; Targino et al., 2009), from I.
manezinho (Garcia, 1996), from I. nanahallux (Brusquetti et al., 2013),
and from I. sambaqui (Castanho and Haddad, 2000).

Taucce et al. (2018) also recovered a grouping of the I. parva and the
I. guentheri (including the I. venancioi series) species series. The authors
also noted that the presence of a large, conspicuous, glandular-ap-
pearing nuptial pad on Finger I is a morphological feature that re-
inforces this grouping, despite its absence from I. nanahallux. According
to our results, the presence of a large, conspicuous, glandular-appearing
nuptial pad is a putative synapomorphy of the clade composed of the I.
parva, I. guentheri, and I. venancioi series, which now does not include I.
nanahallux. Outside this clade, this kind of nuptial pad is present only in
I. surda (Canedo et al., 2010). This species was placed in the I. verrucosa
series with its original description, but its phylogenetic position has
never been tested. Due to the morphological variation of the nuptial
pad in Ischnocnema, studies concerning morphological, histological, and
chemical aspects of the pads are paramount to understanding the
evolution of this character. It is also important to include more Isch-
nocnema species (like I. surda and I. karst) in future phylogenetic studies
to assess the phylogenetic distribution of this character.

5. Conclusions

Our results demonstrate the monophyly of Brachycephalidae,
Brachycephalus, and Ischnocnema with strong support. These relation-
ships are recurrent in the literature and we consider them unlikely to
change over time. The relationships within Ischnocnema are still weakly
supported and controversial in some parts of the tree, and it is para-
mount to add more species and/or more genes to future analyses. The
nuptial pad seems to be an important character in Ischnocnema, and
future studies concerning morphological, histological, and chemical
aspects of the pads allied with a strong phylogenetic hypothesis are
necessary to understand the evolution of this character. The new I.
venancioi series is a fully supported clade with several diagnostic mor-
phological characters, and its relationships with the I. parva and the I.
guentheri series are molecularly well-supported. A large, conspicuous,
glandular-appearing nuptial pad is a putative synapomorphy for the
clade formed by these species series. We raised the number of
Ischnocnema species to 37 with the description of I. parnaso sp. nov. and
I. colibri sp. nov. About 40% of these species were described over the
past ten years, showing that there remains much taxonomic work to do
for the genus.
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